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July 19, 2024 

 

Areej Jahangir, Chemical Review Manager 

Pesticide Re-Evaluation Division 

Office of Pesticide Programs 

U.S. Environmental Protection Agency (EPA) 

Email address: jahangir.areej@epa.gov 

 

Subject:    3-Iodo-2-propynyl butylcarbamate (IPBC) Registration Review Draft Risk 

Assessment (EPA–HQ–OPP–2011–0420) 

   

Dear Areej Jahangir: 

 

On behalf of the Bay Area Clean Water Agencies (BACWA), we thank you for the opportunity 

to provide comments on the 3-Iodo-2-propynyl butylcarbamate (IPBC) Draft Risk Assessment 

(Draft RA).  

 

BACWA is a joint powers agency whose members own and operate publicly owned treatment 

works (POTWs) and sanitary sewer systems that collectively provide sanitary services to over 

seven million people in the nine-county San Francisco Bay Area (Bay Area). We take our 

responsibilities for safeguarding receiving waters seriously. 

 

Every day, BACWA members provide wastewater treatment for millions of gallons of 

wastewater that is discharged to fresh or saltwater bodies, including local creeks and rivers, bays, 

and the Pacific Ocean. These waterways provide crucial habitat to a wide array of aquatic species 

and waterfowl, including several endangered species. In some cases, waters receiving POTW 

discharges (“receiving waters”) may be effluent dominated in that there is little to no dilution, 

either because the receiving water is small or there is a lack of mixing at certain times due to 

thermal or saline stratification.  

 

IPBC is an antimicrobial and fungicidal pesticide that is used ubiquitously in the indoor 

environment including in soaps, detergents, paints, wood preservative stains, caulks, sealants, 

adhesives, air fresheners, surface cleaners, ready-to-use wipes, floor care products, bathroom 

cleaners, window cleaners, fabric care products (including stain removers and fabric softeners), 

preserved floor cleaners, household items, clothing manufactured from treated textiles, pressure 

treated wood, PVC floor materials, carpet, industrial uses (including paper mills and metal 

working), plastics, textiles, and many other uses. [Draft RA, pp. 13-15] 

 

Estimating aquatic exposures to IPBC in POTW effluents 

In the Draft RA, EPA limited down-the-drain indoor modeling to industrial uses (pulp/papermill 

and metalworking), stating that these uses “were modeled because they are expected to have the 

most direct route of aquatic environmental exposures and, thus, would be protective of other 

http://www.bacwa.org/
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uses expected to go down-the-drain. Therefore, environmental uses modeled here are assumed to 

be protective of other registered uses.” [Draft RA, p. 101]  

 

EPA has been evaluating POTW discharges from indoor pesticide use and discharges to the 

sewer system in its pesticides risk assessments since the late 1990s. As described by an EPA 

scientific team (Shamim et al. 2014), EPA uses simplified models like its Exposure and Fate 

Assessment Screening Tool (E-FAST) in combination with monitoring data and benchtop studies 

to estimate POTW effluent concentrations.1 As EPA noted in its pyrethroids ecological risk 

assessment,2 this modeling approach is imperfect, but in combination with monitoring data it has 

been useful in understanding aquatic risks. Since the mid-2010s, BACWA has been in dialog 

with EPA scientists to improve the accuracy of EPA’s POTW modeling approach, focusing on 

improvements that can be made with relatively small investments of EPA’s scientific staff 

resources. We appreciate that some of our recommendations, (e.g., effluent dilution factors that 

recognize the prevalence of “zero dilution” discharges) have been implemented in the current 

version of the E-FAST model. 

 

There are several indoor IPBC uses that have a direct down-the-drain pathway including (but not 

limited to) dish soap, laundry detergent, fabric care products (including stain removers, and 

fabric softeners), and household cleaners. Based on the very limited public data around 

concentrations of IPBC in these products [Draft RA, pp. 14-15], we are concerned that the IPBC 

discharges from cumulative residential and commercial use of these products alone could pass 

IPBC through municipal wastewater treatment plants at concentrations sufficient to be a toxicity 

concern to aquatic life. The RA does not contain sufficient information for us to estimate these 

discharges nor to determine which product categories generate the largest IPBC discharges. 

BACWA asks EPA to expand modeling to non-industrial indoor uses of IPBC, including these 

products. 

 

POTW modeling is needed to inform POTW-specific mitigation measures  

Local agencies in most states (including California) lack the statutory authority to regulate 

pesticide use in urban areas. Most IPBC uses are preservatives, many of which are in products 

that are distributed nationally, i.e., are manufactured in one state (where the pesticide is 

“applied”) and sold in another state as an unlabeled component of an end-use product such as 

laundry detergent. These preserved products are exempted from regulation by state pesticide 

regulatory agencies because they lack pesticidal claims, leaving no practical tools for states to 

assist local agencies in compliance with the Clean Water Act and/or Endangered Species Act. 

Thus, it is essential that EPA employs the pesticide regulatory and Endangered Species Act 

consultation processes to assess and prevent urban water pollution as defined by the Clean Water 

Act and our NDPES permits.  

 

 

 
1 Shamim, M. et al. 2014.  Conducting Ecological Risk Assessments of Urban Pesticide Uses.  In Jones et al.  

Describing the Behavior and Effects of Pesticides in Urban and Agricultural Settings; ACS Symposium Series  

1168; American Chemical Society: Washington, DC, 2014; pp 207-274. 
2 EPA OPP EFED (2016). Preliminary Comparative Environmental Fate and Ecological Risk Assessment for the  

Registration Review of Eight Synthetic Pyrethroids and the Pyrethrins. Part I. Assessing Pyrethroid Releases to  

POTWs of Pyrethroids and Pyrethrins (DP Barcode D425791). Full document available online at 

https://downloads.regulations.gov/EPA-HQ-OPP-2010-0479-0022/content.pdf 

https://downloads.regulations.gov/EPA-HQ-OPP-2010-0479-0022/content.pdf
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If the pesticides reregistration process fails to identify and implement mitigation, an undue  

burden to address the problem is placed on local governments. Often, there are few ways for a  

POTW to mitigate a toxic pollutant problem other than extremely costly treatment plant 

upgrades. In addition, wastewater facilities may be subject to additional requirements established  

as part of Total Maximum Daily Loads (TMDLs) set for the water bodies by EPA and state  

water quality regulatory agencies. The cost to wastewater facilities and other dischargers to  

comply with TMDLs can be up to millions of dollars per water body per pollutant. It is therefore  

essential that pesticide registration and pesticide registration review processes adequately  

consider potential impacts to wastewater quality, so that such impacts to the beneficial uses of  

the receiving water are prevented (i.e., uses and/or discharges associated with endangered  

species impacts do not occur).  

 

Since EPA controls pesticides labels, even our state pesticide regulatory agency cannot readily  

address pesticide water pollution and compliance with our NPDES permit if the pesticide  

discharges stem from consumer pesticide products. EPA action is imperative. 

 

BACWA requests that EPA ensure IPBC uses affecting POTWs are addressed  

Based on this example, we request that EPA ensure that it does not overlook the presence of  

antimicrobial pesticides from consumer and commercial products in POTW effluents. IPBC is 

used in a myriad of ways in the indoor environment. The comprehensive conceptual model 

shown below (from Sutton et al. 2019) can be used as the basis for this analysis. It identifies the 

pathways between pesticide uses and POTWs and illustrates how pesticides used indoors flow to 

the sewer system, to POTWs, and ultimately into the environment via effluent, air emissions, and 

biosolids.3  

 

In BACWA’s more than ten years of experience reviewing and commenting on EPA’s pesticide 

registration/re-registration process, we have learned that if EPA does not model the specific 

down-the-drain pathway for a use-type, then it will not propose mitigations for that use-type. We 

are very concerned that the absence of adequate indoor use modeling and the lack of mitigations 

will result in direct harm to aquatic life from indoor uses of IPBC. 

 

 

 
3 Sutton et al. (2019). Occurrence and Sources of Pesticides to Urban Wastewater and the Environment. In K. Goh 

(Ed.), Pesticides in Surface Water: Monitoring, Modeling, Risk Assessment, and Management (pp. 63-88). 

Washington, DC: American Chemical Society. 
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Figure source: Sutton et al., 2019 
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Significant gaps in IPBC ecotoxicity data are concerning 

The March 2024 IPBC Draft RA documented the significant risks IPBC poses to aquatic life. 

IPBC is highly to very highly toxic to freshwater fish, highly toxic to freshwater invertebrates, 

highly toxic to estuarine/marine fish, and highly to very highly toxic to estuarine/marine 

invertebrates. [Draft RA, p. 9]  

 

However, several data gaps in the IPBC ecotoxicity database were acknowledged in the Draft 

RA:  

• Chronic ecotoxicity endpoints for freshwater invertebrates: The Draft RA noted that 

“there are no acceptable chronic ecotoxicity endpoints available for IPBC on freshwater 

invertebrates.” This is particularly important because “sublethal effects (time to first 

brood) were observed at the lowest concentration tested (3.0 µg a.i./L)” [Draft RA, p.87] 

 

• Ecotoxicity endpoints for aquatic vascular plants: In the Draft RA, EPA noted that “to 

quantitively assess the chronic risks to freshwater invertebrates, and risks to aquatic 

vascular plants, new freshwater invertebrate life cycle and aquatic vascular plant studies 

would be needed.” [Draft RA, p.87] 

 

• Ecotoxicity endpoints for benthic species: EPA noted that “(n)o exposure or ecotoxicity 

data are available for benthic species, however, IPBC is not expected to accumulate in the 

benthos or soil given its water solubility, mobility in soil, and its rapid biodegradation 

expected in sediment.” [Draft RA, p.103]  

 

However, these factors—while arguing against the likelihood of chronic effects on 

benthic species—do not preclude the possibility of acute toxicity to benthic invertebrates, 

particularly when IPBC is known to be highly toxic to aquatic invertebrates [Draft RA, p. 

86] and in EPA’s risk assessment was shown to exceed Levels of Concern (LOCs) for 

aquatic invertebrates in modeling of outdoor uses. [Draft RA pp. 96-99]  

 

Therefore, acute (and ideally also chronic) ecotoxicity studies should be required from 

the registrants for freshwater and marine benthic invertebrates, and EPA should 

incorporate the results into exposure modeling for outdoor uses of IPBC on these non-

target organisms. 

 

Given the other impacts to aquatic life noted in the Draft RA, these toxicity endpoints are 

necessary for a more robust understanding of the potential impacts of IPBC in the aquatic 

environment. BACWA recommends that EPA require registrants to submit the missing 

ecotoxicity data as noted above for freshwater invertebrates, aquatic vascular plants, and benthic 

species, and reevaluate risk to aquatic life with this information included. 

 

Additional scientific studies identified by BACWA may be of use to EPA 

BACWA has identified other study data for IPBC that may be of interest to EPA: 

1) Norström et al. 20084 found higher levels of IPBC in POTW effluent than influent at two 

 

 
4 Karin Norström, Mikael Remberger, Lennart Kaj, Per Wiklund, Eva Brorström-Lundén, Results from the Swedish 

National Screening Programme 2008. Subreport 1. Biocides: 3-Iodo-2-propynyl butyl carbamate (IPBC) and 2,2-
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out of three sampled urban wastewater treatment plants. 

2) Jarrard et al. 20045 and Tierney et al. 20066 identified effects of IPBC on coho salmon 

olfactory function at concentrations lower than ~1 µg/L. 

3) Several other governments have done RAs of IPBC, including Canada7, Australia8, and 

the EU9. Canada has established a water quality guideline of 1.9 µg/L. 

We have attached these studies and reports for your use, with the exception of Jarrard et al. 

which could not be obtained without a license. 

 

Thank you for your consideration of our comments. If you have any questions, please contact 

BACWA’s Project Managers: 

 

Autumn Ross      Robert Wilson 

San Francisco Public Utilities Commission  City of Santa Rosa 

(415) 695-7336     (707) 543-4369 

aross@sfwater.org     rwilson@srcity.org 

 

Respectfully Submitted, 

 

 
Lorien Fono, Ph.D., P.E. 

Executive Director 

Bay Area Clean Water Agencies 

  

 

 
dibromo-2-cyanoacetamide (DBNPA), https://www.ivl.se/english/ivl/publications/publications/results-from-the-

swedish-national-screening-programme-2008.-subreport-1.-biocides-3-iodo-2-propynyl-butyl-carbamate-ipbc-and-

22-dibromo-2-cyanoacetamide-dbnpa.html 
5 H.E Jarrard, K.R Delaney, C.J Kennedy, Impacts of carbamate pesticides on olfactory neurophysiology and 

cholinesterase activity in coho salmon (Oncorhynchus kisutch), Aquatic Toxicology, Volume 69, Issue 2, 2004, 

Pages 133-148, ISSN 0166-445X, https://doi.org/10.1016/j.aquatox.2004.05.001. 
6 Keith B. Tierney, Amber L. Taylor, Peter S. Ross, Christopher J. Kennedy, The alarm reaction of coho salmon parr 

is impaired by the carbamate fungicide IPBC, Aquatic Toxicology, Volume 79, Issue 2, 2006, Pages 149-157, ISSN 

0166-445X, https://doi.org/10.1016/j.aquatox.2006.06.003. 
7 IPBC, Canadian Water Quality Guidelines for the Protection of Aquatic Life, Canadian Council of Ministers of the 

Environment, https://ccme.ca/en/res/ipbc-en-canadian-water-quality-guidelines-for-the-protection-of-aquatic-life.pdf 
8 Carbamic acid, butyl-, 3-iodo-2propynyl ester (IPBC) Evaluation statement 22 December 2022, Australian 

Government, https://www.industrialchemicals.gov.au/sites/default/files/2022-12/EVA00112%20-

%20Evaluation%20statement%20-%2022%20December%202022.pdf 
9 Regulation (EU) n°528/2012 concerning the making available on the market and use of biocidal products 

Evaluation of active substances Assessment Report, IPBC, Product-type 6 (Preservatives for products during 

storage), September 2013. 

mailto:aross@sfwater.org
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Attachments: 

1) Shamim, M. et al. 2014.  Conducting Ecological Risk Assessments of Urban Pesticide 

Uses.  In Jones et al. Describing the Behavior and Effects of Pesticides in Urban and 

Agricultural Settings; ACS Symposium Series 1168; American Chemical Society: 

Washington, DC, 2014; pp 207-274. 

2) EPA OPP EFED (2016). Preliminary Comparative Environmental Fate and Ecological 

Risk Assessment for the Registration Review of Eight Synthetic Pyrethroids and the 

Pyrethrins. Part I. Assessing Pyrethroid Releases to POTWs of Pyrethroids and 

Pyrethrins (DP Barcode D425791). Full document available online at 

https://downloads.regulations.gov/EPA-HQ-OPP-2010-0479-0022/content.pdf 

3) Sutton et al. (2019). Occurrence and Sources of Pesticides to Urban Wastewater and the 

Environment. In K. Goh (Ed.), Pesticides in Surface Water: Monitoring, Modeling, Risk 

Assessment, and Management (pp. 63-88). Washington, DC: American Chemical 

Society. 

4) Karin Norström, Mikael Remberger, Lennart Kaj, Per Wiklund, Eva Brorström-Lundén, 

Results from the Swedish National Screening Programme 2008. Subreport 1. Biocides: 3-

Iodo-2-propynyl butyl carbamate (IPBC) and 2,2-dibromo-2-cyanoacetamide (DBNPA). 

5) Keith B. Tierney, Amber L. Taylor, Peter S. Ross, Christopher J. Kennedy, The alarm 

reaction of coho salmon parr is impaired by the carbamate fungicide IPBC, Aquatic 

Toxicology, Volume 79, Issue 2, 2006, Pages 149-157, ISSN 0166-445X. 

6) IPBC, Canadian Water Quality Guidelines for the Protection of Aquatic Life, Canadian 

Council of Ministers of the Environment. 

7) Carbamic acid, butyl-, 3-iodo-2propynyl ester (IPBC) Evaluation statement 22 December 

2022, Australian Government. 

8) Regulation (EU) n°528/2012 concerning the making available on the market and use of 

biocidal products Evaluation of active substances Assessment Report, IPBC, Product-

type 6 (Preservatives for products during storage), September 2013. 

 

cc: Anita Pease, Antimicrobials Division Director, EPA OPP 

Edward Messina, Director, EPA OPP  

Eric Miederhoff, Reevaluation Branch, Antimicrobials Div., EPA OPP 

Christina Ogunsuyi, Risk Assess. Branches 1 & 2, Antimicrobials Div., EPA OPP 

Ana Terman, Risk Assess. Branches 1 & 2, Antimicrobials Div., EPA OPP 

Danielle McShan, Risk Assess. Branches 1 & 2, Antimicrobials Div., EPA OPP 

Blossom Catacutan, Risk Assess. Branches 1 & 2, Antimicrobials Div., EPA OPP 

Dana Sackett, Risk Assess. Branches 1 & 2, Antimicrobials Div., EPA OPP 

Emily Saunders, Risk Assess. Branches 1 & 2, Antimicrobials Div., EPA OPP 

Melissa Panger, Risk Assess. Branch 1, Antimicrobials Div., EPA OPP 

Andrew Byro, Risk Assess. Branch 1, Antimicrobials Div., EPA OPP 

Tim Dole, Risk Assess. Branch 1, Antimicrobials Div., EPA OPP 

Jeannette Martinez, Risk Assess. Branch 1, Antimicrobials Div., EPA OPP 

Andrew Sawyers, Director, EPA Office of Water, Office of Wastewater Management 

Tomas Torres, Director, Water Division, EPA Region 9 

Diana Hsieh, EPA Region 9 

Alexandra "Sasha" Mizenin, EPA Region 9 

Laura Ramirez, EPA Region 9 

https://downloads.regulations.gov/EPA-HQ-OPP-2010-0479-0022/content.pdf
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Annalisa Kihara, Assistant Deputy Director Division of Water Quality, CA SWRCB 

Lisa Horowitz McCann, Environmental Program Manager, Div. of Water Quality, SWRCB 

Philip Crader, Assistant Deputy Director, California State Water Resources Control Board 

Tom Mumley, California Regional Water Quality Control Board, San Francisco Bay Region  

Alessandra Moyer, California RWQCB, SF Bay Region  

Rebecca Nordenholt, California RWQCB, SF Bay Region  

James Parrish, California Regional Water Quality Control Board, San Francisco Bay Region 

Anson Main, California Department of Pesticide Regulation 

Chris Hornback, Chief Technical Officer, National Association of Clean Water Agencies 

Cynthia Finley, Director, Regulatory Affairs, National Association of Clean Water Agencies 

BACWA Executive Board 

BACWA Pesticides Workgroup 
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HPHUJLQJ LVVXH� $V KLJKOLJKWHG E\ WKH ���� 86*6 UHSRUW ³7KH 4XDOLW\ RI RXU
1DWLRQ¶V :DWHUV ����´ XUEDQ VWUHDPV KDYH WKH KLJKHVW IUHTXHQF\ RI 8�6� VWUHDP
VLWHV ZLWK SHVWLFLGH FRQFHQWUDWLRQV WKDW H[FHHG DTXDWLF OLIH EHQFKPDUNV ������
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DYDLODEOH PHWKRGV DQG GDWD EHLQJ FRQVLGHUHG IRU PRGHOLQJ SHVWLFLGH H[SRVXUH
DQG ULVN DUH VXPPDUL]HG� ,Q DGGLWLRQ� WKH UHVXOWV IURP VHOHFWHG PRGHO�EDVHG
DVVHVVPHQWV DUH FRPSDUHG WR DYDLODEOH LQIRUPDWLRQ IURP WDUJHWHG SHVWLFLGH
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$VVHVVLQJ 6WRUPZDWHU 'LVFKDUJHV IURP 2XWGRRU 8UEDQ 8VHV
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ERGLHV WKURXJK GULIW DQG UXQRII� 7KHVH XVHV LQFOXGH VWUXFWXUDO SHVW FRQWURO� ULJKWV
RI ZD\V� DQG ODQGVFDSLQJ� 0DQ\ SHVWLFLGHV DUH ODEHOHG IRU RXWGRRU XVHV WR FRQWURO
LQVHFW SHVWV VXFK DV DQWV� FRFNURDFKHV� ÀHDV� RFFDVLRQDO LQYDGHUV� VSLGHUV� DQG
ZDVSV� LQ DGGLWLRQ WR RWKHUV XVHG IRU ODZQ FDUH� &RQWURO LV DFFRPSOLVKHG E\
SURIHVVLRQDO SHVW FRQWURO RSHUDWRUV �3&2V� DQG KRPHRZQHUV WKURXJK GLIIHUHQW
SHVWLFLGH IRUPXODWLRQV� DSSOLFDWLRQ PHWKRGV� DQG WLPLQJ�

0DQ\ W\SHV RI GRFXPHQWDWLRQ� LQIRUPDWLRQ DQG GDWD DUH XVHG E\ 86(3$ LQ
FRQGXFWLQJ WKH HFRORJLFDO ULVN DVVHVVPHQW IRU DOO SHVWLFLGHV LQFOXGLQJ WKRVH XVHG
RXWGRRUV LQ XUEDQ VHWWLQJV� ,Q D UHJXODWRU\ VHWWLQJ� ODEHOV DUH FRQVLGHUHG ¿UVW LQ
GHWHUPLQLQJ SHVWLFLGH H[SRVXUH LQ YDULRXV FRPSDUWPHQWV RI WKH HQYLURQPHQW� DV
WKH ODEHO LV WKH OHJDO GRFXPHQW JRYHUQLQJ WKH SHUPLWWHG SHVWLFLGH XVH SDWWHUQV�
/DEHOV VSHFLI\ SHVWLFLGH FRQWHQWV RI DFWLYH�V��LQHUW PDWHULDO�V�� IRUPXODWLRQ W\SH�
WDUJHW SHVWV�DUHDV� DQG GHWDLOHG XVH LQVWUXFWLRQV �DSSOLFDWLRQ UDWH� QXPEHU RI
DSSOLFDWLRQV SHUPLWWHG� IUHTXHQF\� WLPLQJ DQG W\SH RI DSSOLFDWLRQV� ,Q DGGLWLRQ
WR ODEHO XVH LQIRUPDWLRQ� SHVWLFLGH XVDJH GDWD DUH DOVR LPSRUWDQW DV LW LQGLFDWHV
TXDQWLW\� VHDVRQDOLW\� KLVWRULFDO DQG JHRJUDSKLF XVDJH H[WHQW RI FXUUHQWO\ UHJLVWHUHG
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SHVWLFLGHV� 0RQLWRULQJ GDWD DUH DOVR LPSRUWDQW DQG FRXOG EH WKH RQO\ UHOLDEOH
H[SRVXUH GDWD DYDLODEOH IRU XVH LQ D ULVN DVVHVVPHQW GXH WR OLPLWDWLRQV DVVRFLDWHG
ZLWK WKH FXUUHQW PRGHOLQJ DSSURDFKHV� ,PSRUWDQW DVSHFWV RI H[SRVXUH PRGHOLQJ
XQFHUWDLQWLHV IRU RXWGRRUV XVHV LQFOXGH HVWDEOLVKLQJ D FRQFHSWXDO PRGHO IRU YDULHG
W\SHV RI RXWGRRU XVHV DORQJ ZLWK SHUFHQW�W\SH RI DUHDV WUHDWHG� SHUFHQW RI SHVWLFLGH
DYDLODEOH IRU ZDVKRII� DQG RWKHU SRVVLEOH VRXUFHV RI SHVWLFLGH FRQWDPLQDWLRQ �L�H��
GULIW� FRQWDPLQDWHG DLUERUQH SDUWLFOHV DQG RWKHUV�� $V GLVFXVVHG LQ PRUH GHWDLO
ODWHU� UHFHQW VWXGLHV KDYH FRQFHQWUDWHG LQ REWDLQLQJ VXFK LPSRUWDQW PRGHOLQJ
SDUDPHWHUV LQ DGGLWLRQ WR PDQ\ RWKHU GDWD VXFK DV IUHTXHQF\�VHDVRQDOLW\ RI
DSSOLFDWLRQV� DQG PRVW IUHTXHQWO\ XVHG DSSOLFDWLRQ UDWH� IUHTXHQF\� HTXLSPHQW
DQG IRUPXODWLRQV� 7KLV GDWD FRXOG EH XVHG DV LQSXWV IRU WKH H[SRVXUH PRGHOV WR
FKDUDFWHUL]H DQG UH¿QH WKH H[SRVXUH HVWLPDWHV�

8VH &KDUDFWHUL]DWLRQ

(DUO\ &'35 6XUYH\V �����������

7KH &DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH 5HJXODWLRQ �&'35� IXQGHG D QXPEHU
RI XVH DQG XVDJH VXUYH\V EHWZHHQ ���� DQG ���� WR JHW D EHWWHU XQGHUVWDQGLQJ RI
WKH SHVWLFLGH XVH SDWWHUQ LQ XUEDQ HQYLURQPHQWV� 7KH ���� VXUYH\ ���� LQYROYHG
WKH 6DQ 'LHJR &UHHN DQG (DVW &RVWD 0HVD�1HZSRUW %HDFK ZDWHUVKHG DUHDV RI
2UDQJH &RXQW\� &$� $ PDMRULW\ RI WKH VXUYH\HG SHRSOH WKDW DSSO\ SHVWLFLGH
SURGXFWV ������� UHSRUWHG DSSOLFDWLRQV RQH WR WKUHH WLPHV� RU IRXU WR VL[ WLPHV SHU
\HDU� $QRWKHU VXUYH\ ZDV FRQGXFWHG LQ ����� RI UHVLGHQWV RI WKH &KROODV &UHHN
DUHD RI 6DQ 'LHJR &RXQW\ DQG WKH 'HOKL &KDQQHO DUHD LQ 2UDQJH &RXQW\ ���� $QWV
DQG RWKHU LQVHFWV ZHUH WKH SULPDU\ WDUJHW SHVWV� 7KH PRVW IUHTXHQW XVH SDWWHUQ
RI SHVWLFLGH DSSOLFDWLRQ ZDV RQFH HYHU\ IHZ PRQWKV �������� 2I WKH UHVSRQVHV�
����� LQGLFDWHG WKDW WKH\ KDG SXUFKDVHG RU XVHG D ZHHG FRQWURO SURGXFW� �����
LQGLFDWHG WKDW WKH\ SXUFKDVHG RU XVHG DQ LQVHFWLFLGH� DQG ����� LQGLFDWHG WKH\ KDG
SXUFKDVHG RU XVHG D SURGXFW WR FRQWURO SODQW GLVHDVHV� 7KH ���� VXUYH\ FRYHUHG WKH
DUHDV RI WKH $UFDGH &UHHN ZDWHUVKHG LQ 6DFUDPHQWR� )LYH 0LOH 6ORXJK ZDWHUVKHG
LQ 6WRFNWRQ DQG 6DQ )UDQFLVFR %D\ ���� )URP ������ LQGLFDWHG WKH\ GLG QRW
DSSO\ SHVWLFLGHV LQ WKHLU KRPHV DQG ������ RI UHVSRQGHQWV LGHQWL¿HG LQVHFWV DV
WKHLU SULPDU\ SHVW RI FRQFHUQ� 2WKHU SHVWV LQFOXGHG VQDLOV�VOXJV ������������ DQG
YHUWHEUDWHV ��������� 7KH PDMRULW\ �������� LQGLFDWHG WKH\ DSSOLHG SHVWLFLGHV
RQ KDUG VXUIDFHV VXFK DV SHULPHWHUV RI EXLOGLQJV� GULYHZD\V� VLGHZDONV� RU ZDOOV�
IXUWKHU ������ UHVSRQGHG WKDW WKH\ DSSOLHG SHVWLFLGHV ��� WLPHV SHU \HDU�

7KH SUHYLRXV VXUYH\V H[DPLQHG UHVLGHQWLDO XVHUV RI SHVWLFLGHV� LQ FRQWUDVW�
D ���� VXUYH\ ��� HYDOXDWHG SHVWLFLGH XVH E\ SHVWLFLGH PDQDJHUV DQG DSSOLFDWRUV
LQ WKUHH XUEDQ ZDWHUVKHGV� $UFDGH &UHHN �6DFUDPHQWR &RXQW\�� &KROODV &UHHN
�6DQ 'LHJR &RXQW\�� DQG 8SSHU 1HZSRUW %D\�6DQ 'LHJR &UHHN �2UDQJH &RXQW\��
&$� 7KH &'35 385 5HSRUW GDWDEDVH LQGLFDWHG WKDW LQ ���� VWUXFWXUDO 3&2 XVH
FRPSULVHG ��� RI WKH WRWDO UHSRUWHG QRQ�DJULFXOWXUDO XVH� ULJKWV�RI�ZD\V ������
ODQGVFDSH PDLQWHQDQFH ������ SXEOLF KHDOWK ������ DQG UHJXODWRU\ SHVW FRQWURO
���� LQ 6DFUDPHQWR� 2UDQJH DQG 6DQ 'LHJR &RXQWLHV� 6WUXFWXUDO SHVW FRQWURO
FRPSULVHG ������ RI WKH WRWDO LQVHFWLFLGH XVDJH� $Q DQDO\VLV RI XVDJH LQGLFDWHG
WKDW RUJDQRSKRVSKDWHV KDG EHHQ GHFOLQLQJ DQG S\UHWKURLGV LQFUHDVLQJ� 5LJKWV�RI�
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ZD\V DFFRXQWHG IRU ������ RI WKH WRWDO KHUELFLGH XVH� 7KH WRS KHUELFLGHV XVHG
ZHUH JO\SKRVDWH DQG GLXURQ� /DQGVFDSH PDLQWHQDQFH UHSRUWHG ������ RI WKH WRWDO
KHUELFLGH XVH� 7KH PRVW FRPPRQO\ DSSOLHG KHUELFLGH ZDV JO\SKRVDWH� 6DQ 'LHJR
&RXQW\ ZDV WKH PDMRU XUEDQ SHVWLFLGH XVHU ������ IROORZHG E\ 2UDQJH &RXQW\ DQG
6DFUDPHQWR &RXQW\�

3\UHWKURLG :RUNLQJ *URXS 8VH 6XUYH\V �����������

,Q UHVSRQVH WR FRQFHUQV RYHU LQFUHDVLQJ S\UHWKURLG XVH DQG GHWHFWLRQV
LQ &DOLIRUQLD� D VXUYH\ ZDV FRQGXFWHG E\ 3\UHWKURLG :RUNLQJ *URXS �3:*�
IRU &'35 LQ ���� �05,' �������� ����� ZKLFK DVVHVVHG SHVWLFLGH XVDJH E\
SURIHVVLRQDO SHVW PDQDJHPHQW FRPSDQLHV� 2XWGRRU XVDJH UHSUHVHQWHG ��� RI
WKH WRWDO SRXQGV RI SHVWLFLGHV DSSOLHG LQ XUEDQ HQYLURQPHQW� ZLWK LQGRRU XVDJH
FRQVWLWXWLQJ WKH EDODQFH� $SSOLFDWLRQ IUHTXHQF\ ZDV PRQWKO\ RU HYHU\ RWKHU
PRQWK IRU UHVLGHQWLDO FXVWRPHUV ���� RI UHVSRQVHV� DQG PRQWKO\ IRU FRPPHUFLDO
FXVWRPHUV ���� RI UHVSRQVHV� �7DEOH ��� )RU RXWGRRU XVH� WKH GRPLQDQW W\SH RI
IRUPXODWLRQV XVHG ZHUH OLTXLG VSUD\V �OLTXLGV ��� DQG ZHWWDEOH SRZGHU ����
JUDQXOHV UHSUHVHQWHG ��� ZLWK YHU\ VPDOO DPRXQWV RI EDLWV� 7KH PRVW FRPPRQ
HTXLSPHQW XVHG LQ DSSO\LQJ OLTXLG VSUD\V LQFOXGHG SRZHU VSUD\HUV� IROORZHG
E\ KDQGKHOG RU EDFN SDFN VSUD\HUV� *UDQXODU SURGXFWV ZHUH PRVW RIWHQ XVHG
LQ EURDGFDVW DSSOLFDWLRQ� 7UHDWPHQW W\SHV LQFOXGHG KRPH RU IHQFH SHULPHWHU
WUHDWPHQWV ���� IHHW XS DQG ��� IHHW RXW ZLWK �[� IW EHLQJ WKH PRVW FRPPRQ�
DQG�RU VSRW WUHDWPHQW ZKLOH WUHDWPHQW RI WKH HQWLUH \DUG ZDV OHVV FRPPRQ� +DUG
VXUIDFHV VXFK DV SDWLRV� RXWGRRU FRQJUHJDWLRQ DUHDV DQG GULYHZD\V ZHUH DOPRVW
DOZD\V WUHDWHG� /HVV FRPPRQO\ WUHDWHG DUHDV LQFOXGH YHUWLFDO ZDOOV DQG XQFRYHUHG
VWRUDJH� 3HVW PDQDJHPHQW SURIHVVLRQDOV ZHUH DVNHG WR QDPH WKH ³7RS �´ SHVWLFLGH
SURGXFWV WKH\ XVHG� EDVHG RQ YROXPH� 7KH SURGXFW PRVW FRPPRQO\ QDPHG ZDV
7HUPLGRU �¿SURQLO� QDPHG E\ ��� RI UHVSRQGHQWV�� 7KH QDPHG SURGXFWV ZHUH
UHODWHG WR WKHLU FRUUHVSRQGLQJ DFWLYH LQJUHGLHQWV� ZKLFK LQFOXGHG ELIHQWKULQ�
¿SURQLO� DQG GHOWDPHWKULQ �QDPHG DPRQJ WKH ³7RS �´ E\ ������ RI WKH SHVW
PDQDJHPHQW SURIHVVLRQDOV VXUYH\HG�� IROORZHG E\ LQGR[DFDUE� EHWD�F\ÀXWKULQ�
SHUPHWKULQ� F\ÀXWKULQ� F\SHUPHWKULQ� ODPEGD�F\KDORWKULQ DQG FKORUIHQDS\U
�QDPHG DPRQJ WKH ³7RS �´ XVHG E\ ������ RI WKH SHVW PDQDJHPHQW SURIHVVLRQDOV
VXUYH\HG�� DQG WKLDPHWKR[DP� DEDPHFWLQ� DQG S\ULSUR[\IHQ �QDPHG DPRQJ WKH
³7RS �´ E\ ����� RI WKH SHVW RSHUDWRUV VXUYH\HG�� 7LPLQJ RI DSSOLFDWLRQ IRU PRVW
FRPSRXQGV ZDV IRXQG WR EH WKURXJKRXW WKH \HDU DOWKRXJK IHZ FRPSRXQGV ZHUH
DSSOLHG PRUH RIWHQ HLWKHU LQ VSULQJ DQG ZLQWHU RU LQ WKH VXPPHU�

$QRWKHU VXUYH\ RI 3&2V DQG /&2V ZDV VSRQVRUHG E\ 3:* �:LQFKHOO
DQG &\U� 05,' �������� ����� 7KH VXUYH\ FRYHUHG VL[ QDWLRQDO UHJLRQV�
H[FOXGLQJ &DOLIRUQLD DQG LQFOXGHG ERWK SHVW FRQWURO RSHUDWRUV �3&2V� DQG
ODZQ FDUH RSHUDWRUV �/&2V�� 3\UHWKURLGV ZHUH DVVRFLDWHG ZLWK ��� RI WKH
RXWGRRU LQVHFWLFLGH DSSOLFDWLRQV RYHUDOO IRU DOO UHJLRQV� 2YHUDOO� IRU DOO UHJLRQV
WKH SHUFHQWDJH XVHV ZHUH ELIHQWKULQ ������ F\ÀXWKULQ�EHWD�F\ÀXWKULQ ������
ODPEGD�F\KDORWKULQ ������ GHOWDPHWKULQ ������ SHUPHWKULQ ����� F\SHUPHWKULQ
����� DQG RWKHU S\UHWKURLGV ����� 7KH SHUFHQW RI /&2V DQG 3&2V WKDW DSSOLHG
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HDFK S\UHWKURLG DFWLYH LQJUHGLHQW� E\ XVH VLWH� LV GHSLFWHG LQ )LJXUH �� 6HYHQ W\SHV
RI VXUIDFHV ZHUH LQYHVWLJDWHG RI ZKLFK RQO\ D VHOHFWLRQ LV SUHVHQWHG LQ WKH ¿JXUH�

7DEOH �� 6HUYLFH ,QWHUYDO IRU 5HVLGHQWLDO DQG &RPPHUFLDO 3HVWLFLGH $FFRXQWV

6HUYLFH ,QWHUYDO 5HVLGHQWLDO ��� &RPPHUFLDO ���

:HHNO\ � �

0RQWKO\ �� ��

(YHU\ RWKHU PRQWK �� �

4XDUWHUO\ �� �

2WKHU � �

)LJXUH �� 3HUFHQW RI 5HVSRQGHQWV¶ 3\UHWKURLG $FWLYH ,QJUHGLHQW 8VH LQ 2XWGRRU
$SSOLFDWLRQV E\ 6HOHFWHG 8VH 6LWHV� ([FOXGLQJ &DOLIRUQLD�

7KH SHUFHQW DSSO\LQJ S\UHWKURLGV WR GLIIHUHQW W\SHV RI VXUIDFHV LQ DQ XUEDQ
HQYLURQPHQW� LQFOXGLQJ &DOLIRUQLD� LV GHSLFWHG LQ )LJXUH �� %\ IDU� WKH IRXQGDWLRQ
SHULPHWHU WUHDWPHQWV DUH WKH PRVW FRPPRQO\ DSSOLHG E\ 3&2V� 1RWH WKDW DOO
UHJLRQV EXW &DOLIRUQLD UHFHLYH DSSUR[LPDWHO\ WKH VDPH QXPEHU RI EXLOGLQJ
IRXQGDWLRQ SHULPHWHU WUHDWPHQWV� 0HDQZKLOH� ODZQ WUHDWPHQWV DUH ORZHU� 7KH
PHWKRGRORJ\ WR HVWLPDWH &DOLIRUQLD XVH ZDV GLIIHUHQW VLQFH WKH TXHVWLRQV DVNHG WR
3&2V DQG /&2V ZHUH GLIIHUHQW� 7KH IRXQGDWLRQ SHULPHWHUV WUHDWPHQW UHSUHVHQWHG
DQ HVWLPDWHG YDOXH VLQFH WKLV VSHFL¿F TXHVWLRQ ZDV QRW DVNHG LQ &DOLIRUQLD�
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)LJXUH �� 3HUFHQW RI 3&2V DQG /&2V $SSO\LQJ 3\UHWKURLGV WR 6HOHFWHG 6LWHV E\
5HJLRQ�

7KH QXPEHU RI DSSOLFDWLRQV SHU \HDU� DYHUDJH DUHD WUHDWHG� DQG WKH DFWLYH
LQJUHGLHQW PRVW FRPPRQO\ XVHG RQ HDFK RI WKH XVH VLWHV IRU DOO UHJLRQV� H[FHSW &$�
LV VXPPDUL]HG LQ 7DEOH �� (DFK XVH VLWH UHFHLYHV RQ DYHUDJH FORVH WR � DSSOLFDWLRQV
SHU \HDU DOWKRXJK WKH IRXQGDWLRQ SHULPHWHUV DUH WUHDWHG PRUH RIWHQ WKDQ RWKHU XVH
VLWHV� DQG WKH IUDFWLRQ RI WKH XVH VLWH UDQJHV IURP ��� �GULYHZD\V DZD\ IURP WKH
JDUDJH GRRU RU ZDOO� WR ��� IRU ODZQV� 7KH DFWLYH LQJUHGLHQW PRVW FRPPRQO\
DSSOLHG LV ELIHQWKULQ� LUUHVSHFWLYH RI WKH XVH VLWH�

)LJXUH � VXPPDUL]HG IRU HDFK DFWLYH LQJUHGLHQW� WKH IUHTXHQF\ E\ ZKLFK 3&2V
DQG /&2V UHVSRQGHG WKDW WKH\ XVHG HDFK DFWLYH LQJUHGLHQW IRU HDFK UHJLRQ� 7KLV
¿JXUH FRQ¿UPV WKDW ELIHQWKULQ LV WKH DFWLYH LQJUHGLHQW PRVW FRPPRQO\ XVHG� 1RWH
WKH KLJK XVH RI F\SHUPHWKULQ LQ WKH VRXWK FHQWUDO UHJLRQ� FRPSDUHG WR WKH RWKHU
UHJLRQV� $SSUR[LPDWHO\ D WZR�IROG LQFUHDVH RI F\SHUPHWKULQ DSSOLHG DV FRPSDUHG
WR RWKHU UHJLRQV� LV XQH[SODLQHG DW WKLV WLPH�

7KHVH VXUYH\V ZHUH VXSSOHPHQWHG E\ ZRUN E\ )XJDWH DQG +DOO ���� ZKLFK
LQFOXGHV IUHTXHQF\ RI FRQVXPHU XVH RI VSHFL¿F LQVHFWLFLGHV� LQ DQG DURXQG KRPHV�
RXWGRRU QRQ�SODQW� DQG ODZQ DQG JDUGHQ LQ ����� �7KLV UHSRUW ZDV QRW SURYLGHG
WR WKH 86(3$� 5DWKHU� FHUWDLQ GDWD ZHUH H[WUDFWHG DQG SURYLGHG LQ 05,'V
�������� ��� DQG �������� ������ 1DWLRQDOO\� WKH OLNHOLKRRG RI FRQVXPHU XVH
RI /&2 VHUYLFHV WR DSSO\ IHUWLOL]HU DQG FKHPLFDOV LV ��� DQG FRQVXPHU XVH RI
3&2 VHUYLFHV LV ���� 7KH OLNHOLKRRG RI D FRQVXPHU WR SXUFKDVH ODZQ DQG JDUGHQ
LQVHFWLFLGHV LV ��� DQG RXWGRRU QRQ�SODQW LQVHFWLFLGHV LV ���� 7KH OLNHOLKRRG RI
D FRQVXPHU DSSO\LQJ ODZQ DQG JDUGHQ LQVHFWLFLGH LV ��� DQG RXWGRRU QRQ�SODQW
LQVHFWLFLGHV LV ���� %LIHQWKULQ LV WKH LQVHFWLFLGH PRVW OLNHO\ WR EH SXUFKDVHG�
IROORZHG E\ ODPEGD�F\KDORWKULQ�
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7DEOH �� $YHUDJHV RI 7UHDWPHQWV SHU <HDU� )UDFWLRQ RI 8VH 6LWH 6XUIDFH $UHD
7UHDWHG DQG 3\UHWKURLG $FWLYH ,QJUHGLHQW 0RVW &RPPRQO\ 8VHG E\ 8VH 6LWH

LQ 6L[ 1DWLRQDO 5HJLRQV� ([FOXGLQJ &DOLIRUQLD

8VH 6LWH 7\SH RI 6XUIDFH

$YHUDJH
1XPEHU RI
7UHDWPHQWV
3HU <HDU

)UDFWLRQ
RI 8VH 6LWH
6XUIDFH $UHD

7UHDWHG

0RVW
&RPPRQO\
8VHG $FWLYH
,QJUHGLHQW

%XLOGLQJ IRXQGDWLRQ SHULPHWHUV ����
��� IW XS�
��� IW RXW %LIHQWKULQ

3DWLRV DQG ZDONZD\V DZD\ IURP
EXLOGLQJ ���� ��� %LIHQWKULQ

'ULYHZD\V DZD\ IURP WKH JDUDJH
GRRU DQG ZDOO ���� ��� %LIHQWKULQ

/DZQ ���� ��� %LIHQWKULQ

/DQGVFDSH DQG RUQDPHQWDO DUHDV ���� ��� %LIHQWKULQ

6WUXFWXUH ZDOOV ���� ��� %LIHQWKULQ

(DYHV ���� ��� %LIHQWKULQ

)LJXUH �� 3HUFHQW RI 5HVSRQGHQWV¶ 3\UHWKURLG $FWLYH ,QJUHGLHQW 8VH LQ 2XWGRRU
$SSOLFDWLRQV E\ 5HJLRQ� ([FOXGLQJ &DOLIRUQLD�

:LQFKHOO ���� �05,' �������� ����� SURYLGHG DQ LQWHUSUHWDWLRQ RI WKH
IROORZLQJ VWXGLHV� 05,'V �������� ���� �������� ���� :LOHQ ���� DQG WKH ZRUN
E\ )XJDWH DQG +DOO ���� :LQFKHOO XVHG FHUWDLQ GDWD PDQLSXODWLRQV WR GHULYH
VXLWDEOH YDULDEOHV� ZLWK WKH SRWHQWLDO WR EH XVHIXO LQ PRGHOLQJ IRU DTXDWLF H[SRVXUH
LQ DQ XUEDQ HQYLURQPHQW� 7KHVH PDQLSXODWLRQV ZHUH GLIIHUHQW IRU &$ DQG RWKHU
UHJLRQV RI WKH 8�6� GXH WR GLIIHUHQFHV LQ VXUYH\ GHVLJQ� 7KHVH YDULDEOHV IRU
DTXDWLF PRGHOLQJ LQFOXGH �� WKH IUDFWLRQ RI WKH XVH VLWH WUHDWHG ZLWK HDFK DFWLYH
LQJUHGLHQW� �� WKH VHDVRQDO DSSOLFDWLRQ IUHTXHQF\ PDGH WR HDFK XVH VLWH� DQG�
�� WKH SHUFHQWDJH RI WKH XVH VLWH¶V VXUIDFH DUHD WKDW LV WUHDWHG� 7KH ZRUN E\
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)XJDWH DQG +DOO ��� KHOSHG WR HVWDEOLVK WKH H[WHQW RI S\UHWKURLG XVH LQ GLIIHUHQW
JHRJUDSKLFDO UHJLRQV RI WKH 8�6� �FRPSDUHG WR RWKHU LQVHFWLFLGHV�� DQG WKH IUDFWLRQ
RI WKH KRXVHKROGV UHFHLYLQJ S\UHWKURLG DSSOLFDWLRQV RXWGRRUV �LQFOXGLQJ /&2V�
3&2V� DQG UHVLGHQW¶V DSSOLFDWLRQV�� DQG WR FRPSDUH DJDLQVW WKH ���� DQG ����
UHVXOWV� 5HJDUGLQJ WKH IUHTXHQF\ RI DSSOLFDWLRQV� LW ZDV HVWLPDWHG WKDW LQ &$� LW
UDQJHG IURP ��� SHU \HDU� ZKLOH LQ RWKHU UHJLRQV RI WKH 8�6�� LW UDQJHG IURP ���
SHU \HDU� 7KH SHUFHQWDJH RI WKH XVH VLWH VXUIDFH DUHD� WUHDWHG ZLWK S\UHWKURLGV ZDV
QRW DVNHG LQ WKH &$ VXUYH\V DQG GDWD IRU RWKHU UHJLRQV RI WKH 8�6� ZRXOG EH XVHG
WR FRYHU &$�

9DOXH RI 6XUYH\V

7KHVH UHSRUWV LQFOXGH GDWD RQ WKH IUHTXHQF\ RI KRPHRZQHUV XVLQJ ODZQ FDUH
RU SHVW FRQWURO VHUYLFHV� WKH IUHTXHQF\ RI FRQVXPHUV XVLQJ RXWGRRU QRQ�SODQW DQG
ODZQ	 JDUGHQ LQVHFWLFLGHV� DQG GDWD RQ WKH IUHTXHQF\ RI D FRQVXPHU XVLQJ VSHFL¿F
LQVHFWLFLGH DFWLYH LQJUHGLHQWV� 7KH GDWDVHWV SURYLGHG WKH VWDUWLQJ SRLQW WR GHWHUPLQH
WKH RYHUDOO OLNHOLKRRG RI DQ LQGLYLGXDO KRPHRZQHU XVLQJ DQ DSSOLFDWRU VHUYLFH�
DQG WKHQ IURP WKH VXUYH\ UHVSRQVHV� GHWHUPLQH WKH OLNHOLKRRG E\ UHJLRQ DQG XVH
VLWH RI WKH WRS VL[ S\UHWKURLGV EHLQJ XVHG E\ ERWK SURIHVVLRQDO DSSOLFDWRUV DQG�RU
KRPHRZQHUV WKHPVHOYHV�

2I DOO WKH DERYH VXUYH\V� LW LV DSSDUHQW WKDW WKH PRVW UHFHQW RQHV� FRQGXFWHG
LQ ���� DQG ���� �05,'V �������� ���� �������� ���� DQG �������� ������
ZLWK VXSSOHPHQWDO GDWD IURP :LOHQ ���� DQG )XJDWH DQG +DOO ���� PD\ EH XVHG
WR HVWLPDWH WKH QHHGHG XVDJH DQG WKH DPRXQW RI SHVWLFLGH DSSOLHG RQ HDFK XVH
VLWH SHU UHJLRQ� 7KH VWXGLHV KDYH WKH SRWHQWLDO WR HVWDEOLVK WKH FRQFHSWXDO PRGHO
IRU RXWGRRU SHVWLFLGH H[SRVXUH IRU D YDULHW\ RI RXWGRRU XVH VLWHV� DORQJ ZLWK
SHUFHQW�W\SH RI DUHDV WUHDWHG� DQG� ZLWK WKH KHOS RI WKH ZDVKRII VWXGLHV� WKH
SHUFHQW RI SHVWLFLGH DYDLODEOH IRU ZDVK�RII� DQG RWKHU SRVVLEOH VRXUFHV RI SHVWLFLGH
FRQWDPLQDWLRQ �L�H�� GULIW� FRQWDPLQDWHG DLUERUQH SDUWLFOHV DQG RWKHUV�� %XW PRUH
WKDQ WKDW� WKH\ FRXOG EH XVHG LQ FKDUDFWHUL]LQJ DQG UH¿QLQJ H[SRVXUH DQG LQ
¿QGLQJ PLWLJDWLRQ PHDVXUHV WR UHGXFH H[SRVXUH� VXFK DV IUHTXHQF\�VHDVRQDOLW\ RI
DSSOLFDWLRQV� DQG PRVW IUHTXHQWO\ XVHG DSSOLFDWLRQ UDWH� IUHTXHQF\� HTXLSPHQW�
DQG IRUPXODWLRQV �W\SLFDO DSSOLFDWLRQ SDWWHUQ�� SHUFHQW DUHD WUHDWHG E\ HDFK XVH
VLWH� HWF� :LQFKHOO ���� �05,' �������� ����� V\QWKHWL]HV SUHYLRXV XVHIXO VWXGLHV
LQ WDEOHV WKDW DUH VXLWDEOH WR GR WKH DERYH WDVNV IRU WKH S\UHWKURLG LQVHFWLFLGHV�

0RGHOLQJ $SSURDFK IRU 6WRUPZDWHU 'LVFKDUJHV

7KH (QYLURQPHQWDO )DWH DQG (IIHFWV 'LYLVLRQ �()('� FXUUHQWO\ REWDLQV
HVWLPDWHG H[SRVXUH FRQFHQWUDWLRQV �((&V� E\ PRGHOLQJ WKH UHVLGHQWLDO DQG
LPSHUYLRXV VFHQDULRV LQ WKH 3HVWLFLGH 5RRW =RQH0RGHO FRXSOHG ZLWK WKH ([SRVXUH
$QDO\VLV 0RGHOLQJ 6\VWHP �35=0�(;$06�� 7ZR 35=0�(;$06 UXQV DUH
H[HFXWHG IRU HDFK DSSOLFDWLRQ W\SH�ZHDWKHU FRPELQDWLRQ� 7KH DSSOLFDWLRQ W\SHV
DUH GHSHQGHQW RQ WKH ODEHO DQG PD\ LQFOXGH WKUHH W\SHV RI DSSOLFDWLRQV� ���
DSSOLFDWLRQ WR SHUYLRXV DUHDV DORQH ZLWK GULIW WR DGMDFHQW LPSHUYLRXV VXUIDFHV VXFK
DV DSSOLFDWLRQ WR D ODZQ DQG�RU JDUGHQ DGMDFHQW WR LPSHUYLRXV GULYHZD\ DQG�RU
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SRUFK� ��� DSSOLFDWLRQ WR LPSHUYLRXV VXUIDFHV DORQH ZLWK GULIW WR DGMDFHQW SHUYLRXV
VXUIDFHV VXFK DV DSSOLFDWLRQ WR GULYHZD\ DQG�RU SRUFK DGMDFHQW WR D ODZQ DQG�RU
JDUGHQ� RU ��� D FRPELQHG DSSOLFDWLRQ WR SHUYLRXV DQG LPSHUYLRXV VXUIDFHV VXFK
DV DSSOLFDWLRQ WR ERWK LPSHUYLRXV GULYHZD\ DQG�RU SRUFK DQG WR WKH ODZQ DQG�RU
JDUGHQ��

$W WKH SUHVHQW WLPH� WKH &$ LPSHUYLRXV 35=0 VFHQDULR LV FRQVLGHUHG DV WKH
PRVW VXLWDEOH DYDLODEOH PRGHOLQJ DSSURDFK IRU LPSHUYLRXV UXQRII� 7KH 35=0
&$ LPSHUYLRXV VFHQDULR PD\ EH XVHG LQ WKH 7LHU � FRXSOHG DTXDWLF PRGHOV
35=0�(;$06 DORQJ ZLWK WKH &$ UHVLGHQWLDO RU RWKHU DSSURSULDWH VFHQDULR VXFK
DV &$ ULJKWV�RI�ZD\V �52:� WR REWDLQ ((&V� 7KH ³UHVLGHQWLDO´ DQG YDULRXV
RWKHU ³XUEDQ´ XVH SDWWHUQV UHTXLUH WKH 35=0 &$ UHVLGHQWLDO DQG &$ LPSHUYLRXV
VFHQDULRV IRU PRGHOLQJ� %RWK VFHQDULRV DUH UXQ VHSDUDWHO\� 7KLV DSSURDFK DVVXPHV
WKDW QR ZDWHUVKHG LV FRPSOHWHO\ FRYHUHG E\ HLWKHU WKH ó DFUH ORW �WKH EDVLV IRU WKH
UHVLGHQWLDO VFHQDULR� RU XQGHYHORSHG ODQG �WKH EDVLV IRU WKH 52: VFHQDULR�� IRU
UHVLGHQWLDO DQG 52: XVH SDWWHUQV� UHVSHFWLYHO\� %\ PRGHOLQJ D VHSDUDWH VFHQDULR
IRU LPSHUYLRXV VXUIDFHV� LW LV DOVR SRVVLEOH WR HVWLPDWH WKH DPRXQW RI H[SRVXUH
WKDW FRXOG RFFXU ZKHQ WKH SHVWLFLGH LV RYHU�VSUD\HG RQWR WKLV VXUIDFH� 8VLQJ WZR
VFHQDULRV LQ WDQGHP UHTXLUHV SRVW�SURFHVVLQJ RI WKH PRGHOHG RXWSXW LQ RUGHU WR
GHULYH D ZHLJKWHG ((& WKDW UHSUHVHQWV WKH FRQWULEXWLRQ RI ERWK WKH SHUYLRXV �L�H��
UHVLGHQWLDO DQG 52: VFHQDULRV� DQG WKH LPSHUYLRXV VXUIDFHV� ([SRVXUH IURP ERWK
VFHQDULRV FDQ DOVR EH ZHLJKWHG DQG DJJUHJDWHG� 7KH VHFRQG FULWLFDO DVVXPSWLRQ
LV WKDW ��� RI D ó DFUH ORW ZLOO EH SHUYLRXV DQG ��� LPSHUYLRXV� ,Q DGGLWLRQ WR
WKH IRRWSULQW RI WKH W\SLFDO KRXVH� LW LV DVVXPHG WKDW D W\SLFDO KRXVH ZRXOG KDYH
D GULYHZD\ RI DSSUR[LPDWHO\ �� E\ �� IHHW RU ��� VTXDUH IHHW DQG URXJKO\ ���
VTXDUH IHHW RI VLGHZDON� $ W\SLFDO VXEXUEDQ KRPH FRXOG DOVR EH DVVXPHG WR KDYH
URXJKO\ ��� VTXDUH IHHW RI GHFN VSDFH DQG ��� VTXDUH IHHW RI JDUDJH� )LQDOO\�
LW LV DVVXPHG WKDW D VXEVWDQWLDO SRUWLRQ RI WKH W\SLFDO KRPH ZRXOG EH SODQWHG
LQ ODQGVFDSLQJ �H�J�� UHVLGHQWLDO ODZQ DQG�RU RUQDPHQWDOV� ZLWK DQ HVWLPDWH RI
����� VTXDUH IHHW� 7KH VXP RI DOO WKHVH DUHDV LV ����� VTXDUH IHHW� 7DNLQJ D WRWDO
ó�DFUH ORW VL]H RI ������ VTXDUH IHHW DQG VXEWUDFWLQJ WKH KRXVH VTXDUH IRRWDJH
\LHOGV D WRWDO UHPDLQLQJ DUHD RI ������ RU URXJKO\ ��� RI WKH WRWDO ORW XQWUHDWHG
DUHD� 7KH UHVLGHQWLDO DQG LPSHUYLRXV VFHQDULRV DUH SDUDPHWHUL]HG WR UHSUHVHQW
D &DOLIRUQLD XUEDQ VLWH� )RU PRGHOLQJ XVHV LQ RWKHU PHWURSROLWDQ UHJLRQV �QRW
ORFDWHG LQ &DOLIRUQLD�� WKH UHVLGHQWLDO DQG LPSHUYLRXV VFHQDULRV FDQ EH UXQ ZLWK
PHWHRURORJLFDO ¿OHV IURP RWKHU ORFDWLRQV RI WKH 8�6�

3DWKZD\ ,GHQWL¿FDWLRQ 6WXG\

7KH PDLQ REMHFWLYH RI WKLV VWXG\ �'DYLGVRQ HW DO�� 05,' �������� �����
DQG 'DYLGVRQ HW DO� ����� ZDV WR LGHQWLI\ WKH PDMRU WUDQVSRUW PHFKDQLVPV RI
S\UHWKURLGV IURP D UDQJH RI RXWGRRU UHVLGHQWLDO DSSOLFDWLRQV DQG GHWHUPLQH WKH
HIIHFWV RI PLWLJDWLRQ PHDVXUHV SXW LQ SODFH E\ WKH 86(3$ WR FRQWURO RII�VLWH
WUDQVSRUW� 7KH VWXG\ ZDV FRQGXFWHG DW D WHVW IDFLOLW\ ZKLFK UHSUHVHQWHG W\SLFDO
&DOLIRUQLD UHVLGHQWLDO GHYHORSPHQWV� ,W FRQVLVWHG RI VL[ UHSOLFDWH KRXVH ORWV ZKLFK
LQFOXGHG IURQW ODZQV� VWXFFR ZDOOV� JDUDJH GRRUV� GULYHZD\V DQG UHVLGHQWLDO
ODZQV� 7KH RII�VLWH PRYHPHQW RI GLIIHUHQW S\UHWKURLGV DSSOLHG WR WKHVH VXUIDFHV
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�UHSUHVHQWLQJ SHUYLRXV DQG LPSHUYLRXV VXUIDFHV� ZDV DVVHVVHG XVLQJ LUULJDWLRQ DQG
VLPXODWHG DUWL¿FLDO UDLQIDOO WR FRPSOHPHQW WKH QDWXUDO UDLQIDOO HYHQWV� 7KH UHVXOWV
VKRZHG WKDW QDWXUDO DQG VLPXODWHG UDLQIDOO HYHQWV FRQWULEXWHG WR WKH PDMRULW\
RI PDVV ORVV FRPSDUHG WR WKH PDVV ORVV GXH WR ODZQ LUULJDWLRQ� 5XQRII ORVVHV
H[SUHVVHG DV D SHUFHQWDJH RI FKHPLFDO DSSOLHG ZHUH KLJKHVW IRU WKH GULYHZD\ DQG
JDUDJH GRRU VXUIDFHV FRPSDUHG WR JUDVV ODZQ� JUDVV SHULPHWHU DQG KRXVH ZDOO
VXUIDFHV� $OVR� D FRPSDULVRQ RI KLVWRULF DSSOLFDWLRQV ZLWK UHYLVHG DSSOLFDWLRQ GXH
WR ODEHO FKDQJHV VKRZHG WKDW WKH DPRXQW RI ORVVHV IURP JDUDJH DQG GULYHZD\ ZHUH
GUDPDWLFDOO\ UHGXFHG ��� WLPHV ORZHU� XVLQJ WKH UHYLVHG DSSOLFDWLRQ SUDFWLFHV�

:DVKRII�5XQRII 6WXG\ IURP ,PSHUYLRXV 6XUIDFHV

7KH PDLQ REMHFWLYH RI WKH VWXG\ ZDV WR H[DPLQH WKH SRWHQWLDO IRU VLPXODWHG
UDLQ WR ZDVKRII RI D S\UHWKURLG �F\SHUPHWKULQ� WKDW KDG EHHQ DSSOLHG WR GLIIHUHQW
H[WHUQDO EXLOGLQJ PDWHULDOV XVLQJ WZR GLIIHUHQW UHSUHVHQWDWLYH IRUPXODWLRQV �7UDVN
HW DO� ����� 05,' �������� ������ 7KH EXLOGLQJ PDWHULDOV VHOHFWHG ZHUH WKRVH
W\SLFDOO\ XVHG IRU FRQVWUXFWLRQ RI UHVLGHQWLDO�XUEDQ VWUXFWXUHV LQ &DOLIRUQLD WKDW
PD\ UHFHLYH DSSOLFDWLRQV RI S\UHWKURLGV� 7KHVH LQFOXGHG� FOHDQ SDLQWHG�XQSDLQWHG
FRQFUHWH� FOHDQ SDLQWHG�XQSDLQWHG VWXFFR� FOHDQ SDLQWHG�XQSDLQWHG ZRRG ZLWK D
GXVW\ VXUIDFH� FOHDQ YLQ\O�DOXPLQXP VLGLQJ DQG FOHDQ DVSKDOW� :DVKRII TXDQWL¿HG
DV SHUFHQW RI DSSOLHG PDVV RI F\SHUPHWKULQ UDQJHG IURP ���������� WR ����������
IRU WKH WZR UHSUHVHQWDWLYH IRUPXODWLRQV� &OHDQ YLQ\O VLGLQJ KDG WKH KLJKHVW SHUFHQW
RI DSSOLHG F\SHUPHWKULQ LQ UXQRII ZKHUHDV FOHDQ XQSDLQWHG VWXFFR KDG WKH OHDVW
DPRXQW RI F\SHUPHWKULQ LQ ZDVKRII� $OO EXLOGLQJ PDWHULDOV KDG VLPLODU UXQRII
YROXPHV H[FHSW IRU WKH FOHDQ DVSKDOW ZKLFK ZDV ORZHU LQ FRPSDULVRQ�

5XQRII /RVVHV IURP 7UHDWHG 7XUIJUDVV

,Q D VWXG\ FRQGXFWHG LQ ����� WKH DXWKRUV H[DPLQHG WKH SRWHQWLDO RI S\UHWKURLG
LQVHFWLFLGHV XVHV RQ WXUI WR FRQWULEXWH WR UHVLGXH GHWHFWLRQV LQ 6DFUDPHQWR� &$
XUEDQ VHGLPHQWV� SDUWLFXODUO\ GXH WR RYHU LUULJDWLRQ �L�H�� LUULJDWLRQ SURGXFLQJ
H[FHVV UXQRII� �+DQ]DV HW DO� ����� DQG 05,' �������� ������ 0RGHO S\UHWKURLGV
LQFOXGHG ELIHQWKULQ DQG EHWD�F\ÀXWKULQ LQ ERWK JUDQXODU DQG OLTXLG IRUPXODWLRQV�
)RXU WUHDWHG WXUI SORWV ZHUH SUHSDUHG� XVLQJ QRUPDO LUULJDWLRQ RU WKUHH RYHU
LUULJDWLRQ HYHQWV� 5XQRII ÀRZ ZDV PHDVXUHG GXULQJ WKH LUULJDWLRQ HYHQWV DQG
UXQRII VDPSOHV WDNHQ DQG DQDO\]HG IRU ELIHQWKULQ DQG EHWD�F\ÀXWKULQ� )RU WKH
ELIHQWKULQ RYHU LUULJDWHG SORWV� GXULQJ WKH ¿UVW LUULJDWLRQ HYHQW� ������������ RI
WKH DSSOLHG FKHPLFDO ZDV IRXQG LQ UXQRII� ZKLOH QR UHSRUWHG ELIHQWKULQ ZDV IRXQG
LQ WKH QRQ�RYHU LUULJDWHG SORWV� 0HDQZKLOH� IRU EHWD�F\ÀXWKULQ� ���������� RI
WKH DSSOLHG ZDV IRXQG LQ UXQRII RI WKH ¿UVW RYHU LUULJDWLRQ� ZLWK QR UXQRII LQ WKH
QRQ�RYHU LUULJDWHG SORWV� 'XULQJ WKH QRUPDO VLPXODWHG UDLQIDOO HYHQW� VLPXODWLQJ
D ZLQWHU VWRUP� WKH DPRXQW RI FKHPLFDO SUHVHQW LQ UXQRII ZDV PXFK VPDOOHU
�������� RI WKH DSSOLHG IRU DOO FKHPLFDOV DQG IRUPXODWLRQV�� ,W ZDV QRWHG WKDW IRU
EHWD�F\ÀXWKULQ� WKH PDMRULW\ RI WKH FKHPLFDO ORVV RFFXUUHG GXULQJ WKH ¿UVW RYHU
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LUULJDWLRQ HYHQW ZKLOH IRU ELIHQWKULQ WKH ORVV ZDV PRUH HYHQO\ GLVWULEXWHG DFURVV
WKUHH RYHU LUULJDWLRQ HYHQWV� SDUWLFXODUO\ IRU WKH JUDQXODU IRUPXODWLRQ�

0RQLWRULQJ RI 8UEDQ :DWHUV

7ZR UHFHQW H[WHQVLYH UHYLHZV DUH DYDLODEOH RQ PRQLWRULQJ RI XUEDQ SHVWLFLGHV
LQ UHFHLYLQJ ZDWHU ERGLHV LQ WKH 8QLWHG 6WDWHV� HVSHFLDOO\ LQ &DOLIRUQLD� 7KH
¿UVW UHYLHZ ZDV VXEPLWWHG WR 86 (3$ E\ WKH 3:* FRYHULQJ DYDLODEOH GDWD
IRU V\QWKHWLF S\UHWKURLG LQ VXUIDFH ZDWHU DQG VHGLPHQW LQ WKH 8QLWHG 6WDWHV
�*LGGLQJV� HW DO�� 05,' �������� ������ 7KH VHFRQG UHYLHZ ZDV FRQGXFWHG
IRU WKH &DOLIRUQLD 6WRUPZDWHU 4XDOLW\ $VVRFLDWLRQ �&$64$� DQG WKH &RXQW\
RI 6DFUDPHQWR FRYHULQJ PRQLWRULQJ GDWD IURP &DOLIRUQLD XUEDQ ZDWHUVKHGV RQ
S\UHWKURLGV DQG ¿SURQLO WR[LFLW\ �5XE\� 05,' �������� ������ 7KLV VHFWLRQ
GHDOV ZLWK RQO\ IHZ H[DPSOHV RI WDUJHWHG VXUIDFH ZDWHU�VHGLPHQW PRQLWRULQJ GDWD
IRU SHVWLFLGHV XVHG RXWGRRUV� 7KHUHIRUH� VHOHFWHG FKHPLVWU\ GDWD DUH LQFOXGHG
KHUHLQ ZLWK HPSKDVLV RQ SHVWLFLGHV XVHG LQ XUEDQ DUHDV DQG UHDFKLQJ VXUIDFH
ZDWHUV PDLQO\ E\ XUEDQ UXQRII LQWR VXUIDFH ZDWHUV �XUEDQ FUHHNV DQG ODNHV DQG
ULYHUV SDVVLQJ WKURXJK XUEDQ DUHDV�� 8UEDQ UXQRII ZDWHU� FRQWDPLQDWHG ZLWK
XUEDQ SHVWLFLGHV� LV XVXDOO\ SXPSHG� GUDLQHG DQG�RU QDWXUDOO\ ÀRZ LQWR WKHVH
ZDWHU ERGLHV� 0DQ\ IDFWRUV ZLOO DIIHFW GHWHFWHG FRQFHQWUDWLRQV LQ WKHVH ZDWHU
ERGLHV VXFK DV WKH SHVWLFLGH SK\VLFDO�FKHPLFDO DQG IDWH SURSHUWLHV� ODEHOHG XVH
SDWWHUQV� SDWWHUQ RI WLPLQJ RI WKH DSSOLFDWLRQ� DSSOLFDWLRQ SURFHGXUH� XVDJH
LQWHQVLW\ �GHSHQGV PDLQO\ RQ SHVW SUHVVXUH ZKLFK LV DVVRFLDWHG ZLWK PDQ\ IDFWRUV
VXFK DV FOLPDWH�� K\GURORJLFDO VHWWLQJ� XUEDQ GUDLQDJH �VRXUFHV�TXDQWLWLHV�� DQG
FKDUDFWHULVWLFV RI XUEDQ DUHDV�UHFHLYLQJ ZDWHUV� FOLPDWLF FRQGLWLRQV� (IIHFWV RI
WKHVH IDFWRUV� ZLOO EH LQFOXGHG ZKHQ UHSRUWHG�

0RQLWRULQJ RI 6WRUPZDWHU 'LVFKDUJHV DQG $IIHFWHG :DWHU %RGLHV

8UEDQ DUHDV VWRUPZDWHU GLVFKDUJHV DQG DIIHFWHG ZDWHU ERGLHV ZHUH
H[WHQVLYHO\ PRQLWRUHG LQ &DOLIRUQLD� 7DUJHWHG PRQLWRULQJ GDWD LQ WKHVH VWXGLHV
ZHUH IRU VWRUPZDWHU GLVFKDUJHV DQG DIIHFWHG ZDWHU ERGLHV �ZDWHU DQG XQGHUO\LQJ
VHGLPHQW�� ,Q WKH ¿UVW VWXG\� PRQLWRULQJ GDWD ZHUH IRU HLJKW S\UHWKURLGV DQG WKH
RUJDQRSKRVSKDWH LQVHFWLFLGH FKORUS\ULIRV ����� ,Q WKH VHFRQG VWXG\� PRQLWRULQJ
GDWD ZHUH IRU �� LQVHFWLFLGHV�KHUELFLGHV�GHJUDGDWHV LQ WKH ZDWHU FROXPQ SOXV
QLQH S\UHWKURLGV DQG FKORUS\ULIRV LQ ZDWHU DQG XQGHUO\LQJ VHGLPHQW ����� )RU
QRUWKHUQ &DOLIRUQLD� WKH ¿UVW VWXG\ LQFOXGHG WKH FLW\ RI 9DFDYLOOH DQG XUEDQ DUHDV
DORQJ WKH $PHULFDQ 5LYHU� 6DFUDPHQWR 5LYHU DQG 6DQ -RDTXLQ 5LYHU �WKH FLWLHV
RI )ROVRP� &RUGRYD� 6DFUDPHQWR DQG 6WRFNWRQ� ZKLOH WKH VHFRQG VWXG\ LQFOXGHG
WKH FLWLHV RI 5RVHYLOOH� 0DUWLQH]�3OHDVDQW +LOO� 6WRFNWRQ DQG 'XEOLQ� )RU VRXWKHUQ
&DOLIRUQLD� WKH VHFRQG VWXG\ LQFOXGHG XUEDQ DUHDV RI /DJXQD 1LJHO� $OLVR9LHMR�
6DQ 'LHJR� DQG /DNHVLGH �)LJXUH ��� 6DPSOLQJ HYHQWV WRRN SODFH GXULQJ RU VKRUWO\
DIWHU UDLQ HYHQWV �5DLQ� DQG GXULQJ WKH GU\ VHDVRQ �'U\�� 6RXUFHV RI SHVWLFLGHV
FRQWDPLQDWLRQ ZHUH YHUL¿HG WR EH VWRUPZDWHU UXQ�RII IURP WUHDWHG UHVLGHQWLDO
DUHDV GXULQJ WKH UDLQ\ VHDVRQ DQG ODQGVFDSH ZDWHU UXQ�RII IURP WUHDWHG ODQGVFDSHG
DUHDV GXULQJ WKH GU\ VHDVRQ�
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)LJXUH �� 0RQLWRUHG XUEDQ DUHDV LQ 1RUWKHUQ DQG 6RXWKHUQ &DOLIRUQLD �:HVWRQ
DQG /\G\ ����� DQG (QVPLQJHU DQG .HOOH\ ������
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,Q WKH :HVWRQ DQG /\G\ VWXG\ ����� FRQFHQWUDWLRQV GHWHFWHG LQ VXPS ZDWHUV
ZHUH KLJK HQRXJK WR EH RI WR[LF FRQFHUQ DQG ZHUH IRXQG WR EH UHODWHG WR HLWKHU
WKH S\UHWKURLGV RU FKORUS\ULIRV EDVHG RQ WKH WR[LFLW\ LGHQWL¿FDWLRQ HYDOXDWLRQ
�7,(� GDWD� 7KLV ZDV DOVR FRQ¿UPHG E\ FKHPLFDO DQDO\VHV DQG FRPSDULVRQ WR
NQRZQ WR[LFLW\ WKUHVKROGV� &KHPLFDO DQDO\VHV RI �� VXPS ZDWHU VDPSOHV VKRZ
WKDW WKH RYHUDOO SHUFHQWDJH RI VDPSOHV FRQWDLQLQJ FRQFHQWUDWLRQV H[FHHGLQJ
� QJ�/ UDQJHG IURP � WR ��� IRU HLJKW S\UHWKURLGV DQG FKORUS\ULIRV� 7KH
PDMRULW\ RI WKH VDPSOHV FRQWDLQHG ELIHQWKULQ ����� DQG FKORUS\ULIRV �����
ZLWK OHVVHU SHUFHQWDJHV FRQWDLQLQJ� SHUPHWKULQ ������ F\ÀXWKULQ ������
Ȝ�F\KDORWKULQ �ODPEGD�F\KDORWKULQ� ����� F\SHUPHWKULQ ������ GHOWDPHWKULQ
������ HVIHQYDOHUDWH ���� DQG IHQSURSDWKULQ ����� $V H[SHFWHG� SHVWLFLGHV LQ
VXPS ZDWHUV WKDW ZHUH GLVFKDUJHG �E\ SXPSLQJ� LQWR UHFHLYLQJ FUHHNV DQG ULYHUV
ZHUH GLOXWHG WR ORZHU OHYHOV� 9DULHG OHYHOV RI SHVWLFLGHV DQG WR[LFLW\ ZHUH IRXQG
LQ UHFHLYLQJ FUHHNV DQG ULYHUV DV LW SDVVHG WKURXJK WKH XUEDQ DUHDV RI 6DFUDPHQWR
�WKH 6DFUDPHQWR 5LYHU�� 6WRFNWRQ �WKH $PHULFDQ 5LYHU� DQG 9DFDYLOOH �WZR XUEDQ
FUHHNV�� :DWHU FROXPQ WR[LFLW\� UHODWHG WR WKH S\UHWKURLG ELIHQWKULQ� ZDV QRW
REVHUYHG LQ WKH 6DFUDPHQWR 5LYHU EXW ZDV HYLGHQW DORQJ WKH XUEDQ FUHHNV� WKH
$PHULFDQ ULYHU� DQG DW RQO\ RQH VLWH LQ WKH 6DQ -RDTXLQ 5LYHU� )RU H[DPSOH� QR
HYLGHQFH RI FRQWDPLQDWLRQ ZLWK S\UHWKURLGV DQG WR[LFLW\ ZDV REVHUYHG XSVWUHDP
LQ WKH ZDWHU DV WKH FUHHNV HQWHU WKH FLW\ RI 9DFDYLOOH ZKLOH D KLJK OHYHO RI
WR[LFLW\ ZDV REVHUYHG LQ ZDWHUV OHDYLQJ WKH FLW\ GRZQVWUHDP� ,Q WKHVH ZDWHU
VDPSOHV� S\UHWKURLG FRQFHQWUDWLRQV ZHUH ���� WLPHV WKH WR[LFLW\ ZLWK� ELIHQWKULQ
DQG F\ÀXWKULQ SURYLGLQJ PRVW RI WKH WR[LF XQLWV �78�� 7KH OHYHO RI SHVWLFLGH
FRQWDPLQDWLRQ LQ UHFHLYLQJ ZDWHUV DSSHDUHG WR EH UHODWHG WR WKH LQWHQVLW\ RI UDLQ
HYHQWV� )RU H[DPSOH� QR WR[LFLW\ ZDV REVHUYHG LQ ZDWHU VDPSOHV WDNHQ IURP WKH
6DQ -RDTXLQ 5LYHU QHDU 6WRFNWRQ MXVW DIWHU WKH ¿UVW UDLQ HYHQW� EXW WR[LFLW\ ZDV
HYLGHQW� LQ RQH ORFDWLRQ DW WKH HGJH RI WKH FLW\� IROORZLQJ D PRUH LQWHQVH VHFRQG
UDLQ HYHQW� $JDLQ� ZDWHU WR[LFLW\ ZDV HVWDEOLVKHG WR EH UHODWHG WR S\UHWKURLGV DV LW
FRQWDLQHG ��� 78 RI ELIHQWKULQ DQG ��� 78 RI SHUPHWKULQ�

0RQLWRULQJ GDWD IURP WKH (QVPLQJHU DQG .HOOH\ ���� VWXG\PD\ EH FRQVLGHUHG
DV DQ H[DPSOH RI FRQFHQWUDWLRQV DQG GHWHFWLRQ IUHTXHQFLHV �')V� IRU UHJLVWHUHG
DQG H[WHQVLYHO\ XVHG SHVWLFLGHV LQ XUEDQ DUHDV� 7KHUHIRUH� GDWD IURP WKLV VWXG\
DUH VXPPDUL]HG KHUHLQ IRU UHSRUWHG ')V DQG FRQFHQWUDWLRQV RI LQVHFWLFLGHV�
KHUELFLGHV DQG S\UHWKURLGV GHWHFWHG LQ XUEDQ GUDLQ ZDWHUV �'51V� DQG UHFHLYLQJ
ZDWHU ERGLHV �5:%V� GXULQJ GU\ �'U\� DQG UDLQ\ �5DLQ� VHDVRQV� 7DEOH � FRQWDLQV
UHSRUWHG VDPSOLQJ LQIRUPDWLRQ DQG DEEUHYLDWLRQV XVHG LQ WKLV VXPPDU\ DQG
DVVRFLDWHG JUDSKV� ,Q WKH VXPPDU\� VWDWHZLGH GDWD UHSRUWHG IRU DOO ORFDWLRQV LQ WKH
VWXG\ DUH XVHG WR REWDLQ PD[LPXP DQG PLQLPXP FRQFHQWUDWLRQV DQG ')V IRU HDFK
SHVWLFLGH� ')V DUH FDOFXODWHG IRU HDFK SHVWLFLGH DV SHUFHQW ��� IURP WKH QXPEHU
RI VDPSOHV FRQWDLQLQJ WKDW SHVWLFLGH RYHU WKH GHWHFWLRQ OLPLW �QXPEHU RI GHWHFWV�
GLYLGHG E\ WKH WRWDO QXPEHU RI VDPSOHV �QXPEHU RI GHWHFWV SOXV QRQ�GHWHFWV�
WUDFH GHWHFWLRQV ZHUH FRQVLGHUHG� LQ WKLV VXPPDU\� DV QRQ�GHWHFWV�� 7KH VXPPDU\
LQFOXGHV GDWD RQ SHVWLFLGHV WKDW ZHUH PRVW IUHTXHQWO\ GHWHFWHG LQ WKH VDPSOHV RI
'51V DQG 5:%V GXULQJ 'U\ DQG 5DLQ HYHQWV� 7KH QXPEHU RI VDPSOHV IRU HDFK
XUEDQ DUHD DUH LQFOXGHG LQ WKH VXPPDU\ WDEOH DV LW LV DQ LPSRUWDQW LQGLFDWRU IRU
LQWHQVLW\ RI VDPSOLQJ �7DEOH ���
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7DEOH �� 5HSRUWHG 6DPSOLQJ ,QIRUPDWLRQ DQG $EEUHYLDWLRQV 8VHG LQ WKH 6XPPDU\ RI (QVPLQJHU DQG .HOOH\ ���� 6WDWHZLGH
0RQLWRULQJ 'DWD

1XPEHU 2I 6DPSOHV �1� �

,QVHFW� +HUE� 3\UHWK�

8UEDQ $UHD

&LW\ �6RXUFH 2I
8UEDQ 5XQRII
:DWHU ³'UQ´�

5HFHLYLQJ :DWHU %RG\
³5ZE´

6DPSOLQJ
6HDVRQ 'UQ 5ZE 'UQ 5ZE 'UQ 5ZE

'U\ �� � �� � � �

6DFUDPHQWR ³6DF´ 5RVHYLOOH 3OHDVDQW *URYH &UHHN 5DLQ �� � �� � � �

'U\ �� � �� � �� �
6DQ )UDQFLVFR %D\
³6IE´

0DUWLQH]�3OHDVDQW
+LOO� $QG 'XEOLQ

*UD\VRQ &UHHN� $QG
0DUWLQ &DQ\RQ�.RRSPDQ
&DQ\RQ &UHHN 5DLQ �� � �� � �� �

'U\ �� � �� �� � �
*UHDWHU /RV $QJHOHV
�2UDQJH &RXQW\� ³2UQ´

/DJXQD 1LJHO� $QG
$OLVR 9LHMR

6DOW &UHHN� $QG
:RRG &DQ\RQ &UHHN 5DLQ � � � � 1RQH 1RQH

'U\ �� �� �� �� 1RQH 1RQH

6DQ 'LHJR ³6QG´
6DQ 'LHJR� $QG
/DNHVLGH

6DQ 'LHJR 5LYHU� $QG
/LQGR /DNH 5DLQ � � � � 1RQH 1RQH

6WDWHZLGH 'U\�5DLQ � � � � � �
� 1XPEHU RI 6DPSOHV �Q�  7KH WRWDO QXPEHU RI VDPSOHV IRU HDFK VDPSOLQJ HYHQW� )RU H[DPSOH� LQ WKH 6DFUDPHQWR DUHD �6$&�� LQVHFWLFLGHV ZHUH PRQLWRUHG
LQ �� GUDLQ ZDWHU VDPSOHV �'51� GXULQJ WKH GU\ VHDVRQ �'U\� DQG LQ �� GUDLQ ZDWHU VDPSOHV �'51� GXULQJ WKH UDLQ\ VHDVRQ �5DLQ�� $GGLWLRQDOO\� LQVHFWLFLGHV
ZHUH DOVR PRQLWRUHG LQ � UHFHLYLQJ ZDWHU VDPSOHV �5:%� GXULQJ WKH GU\ VHDVRQ �'U\� DQG LQ � UHFHLYLQJ ZDWHU VDPSOHV �5:%� GXULQJ WKH UDLQ\ VHDVRQ
�5DLQ�� � ,QVHFW 0RQLWRUHG ,QVHFWLFLGHV� FDUEDU\O �FDUE�� FKORUS\ULIRV �&KO� GLD]LQRQ �'LD]�� ¿SURQLO �)LS�� ¿SURQLO GHJUDGDWHV �)LS' GHVXO¿Q\O ¿SURQLO�
GHVXO¿Q\IHSURQLO DPLGH� ¿SURQLO DPLGH� ¿SURQLO VXO¿GH� DQG ¿SURQLO VXOIRQH�� PDODWKLRQ �0DO�� DQG R[DP\O �R[D�� � +HUE 0RQLWRUHG +HUELFLGHV� ����
' �����'�� $&(7� EURPDFLO �%URP�� GLFDPED �'LFDP�� GLXURQ �'LXU�� 0&3$� RU\]DOLQ �2U\]DO�� R[\ÀXRUIHQ �2[\À�� SHQGLPHWKDOLQ �3HQGL�� SURGLDPLQH
�3URGL�� SURPHWRQ �3URPHW�� VLPD]LQH �6LPD]�� WULFORS\U �WULFOR� DQG WULÀXUDOLQ �7ULÀ�� � 3\UHWK 0RQLWRUHG 3\UHWKURLGV� ELIHQWKULQ �ELI�� F\ÀXWKULQ �&\I��
Ȝ�F\KDORWKULQ �Ȝ�F\K�� F\SHUPHWKULQ �F\S�� IHQYDOHUDWHHVIHQYDOHUDWH �)HQ(V9� DQG SHUPHWKULQ �3HU FLV DQG WUDQV��

���

D
ow

nl
oa

de
d 

by
 K

el
ly

 M
or

an
 o

n 
O

ct
ob

er
 1

5,
 2

01
4 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e 
(W

eb
): 

Se
pt

em
be

r 2
2,

 2
01

4 
| d

oi
: 1

0.
10

21
/b

k-
20

14
-1

16
8.

ch
01

0

In Describing the Behavior and Effects of Pesticides in Urban and Agricultural Settings; Jones, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2014. 



,Q WKLV VXPPDU\� FRQFHQWUDWLRQV DQG ')V IRU HDFK SHVWLFLGH DUH H[DPLQHG
LQ '51V YV� 5:%V� 'U\ YV� 5DLQ� DQG LQ YDULHG JHRJUDSKLFDO ORFDWLRQV� 7KH
REMHFWLYHV DUH WR VXPPDUL]H UHSRUWHG GDWD DV ')V DQG FRQFHQWUDWLRQV IRU SHVWLFLGHV
GHWHFWHG LQ XUEDQ VXUIDFH ZDWHUV DQG H[DPLQH WKH HIIHFWV RI GU\ ÀRZ YV� UDLQVWRUP
ÀRZ DQG JHRJUDSKLF ORFDWLRQ RQ WKHVH SDUDPHWHUV� 6XPPDULHV DUH HVWDEOLVKHG IRU
WKH WRS ¿YH LQVHFWLFLGHV� ¿YH KHUELFLGHV DQG DOO RI WKH PRQLWRUHG S\UHWKURLGV�

,QVHFWLFLGHV 'HWHFWLRQ )UHTXHQFLHV�&RQFHQWUDWLRQV

7KH WRS ¿YH LQVHFWLFLGHV WKDW ZHUH IUHTXHQWO\ GHWHFWHG LQ VRXUFH DQG UHFHLYLQJ
ZDWHUV LQFOXGH FDUEDU\O� ¿SURQLO� ¿SURQLO GHJUDGDWHV �WRWDO RI GHVXO¿Q\O ¿SURQLO�
GHVXO¿Q\¿SURQLO DPLGH� ¿SURQLO DPLGH� ¿SURQLO VXO¿GH� DQG ¿SURQLO VXOIRQH��
PDODWKLRQ� DQG GLD]LQRQ �)LJXUH ��� 7KH LQVHFWLFLGHV FKORUS\ULIRV DQG R[DP\O
ZHUH QRW LQ WKH WRS � EHFDXVH WKH\ ZHUH ERWK OHVV IUHTXHQWO\ GHWHFWHG LQ '51V
�')  ����� ³1  �´ DQG �� ³1  �´� UHVSHFWLYHO\� DQG R[DP\O ZDV QRW GHWHFWHG
LQ 5:%V DOWKRXJK FKORUS\ULIRV ZDV DW D ') RI ��� �1 ���

$ VXPPDU\ LV FDOFXODWHG IURP UHSRUWHG PRQLWRULQJ GDWD IRU HDFK LQVHFWLFLGH
DV IROORZV�

��� )RU HDFK JHRJUDSKLF ORFDWLRQ �6$&� 6)%� 251 DQG 61'�� WKH 0D[�0LQ
')V DQG FRQFHQWUDWLRQV DUH FDOFXODWHG VHSDUDWHO\ IRU '51 ZDWHUV �'U\
DQG 5DLQ� DQG 5:%V �'U\ DQG 5DLQ� IURP WKH 'U\ DQG 5DLQ GDWD�

��� $ VWDWHZLGH 0D[�0LQ ')V DQG FRQFHQWUDWLRQV DUH FDOFXODWHG IRU '51
ZDWHUV DQG 5:%V VHSDUDWHO\ IURP WKH FRPELQHG 6$&� 6)%� 251 DQG
61' YDOXHV DUULYHG DW IURP VWHS ��

��� (DFK VHW RI VWDWHZLGH YDOXHV� VXFK DV &DUE�'51 RU &DUE�5:%� ZDV
FDOFXODWHG IURP HLJKW GDWD HQWULHV �1  �  � [ �� WZR HDFK IRU 6$&�
6)%� 251 DQG 61'� DQG LQ FDVH RI QR GHWHFWLRQ WKH YDOXH RI 1 ZLOO EH
�� DQG QR GHWHFWLRQ DW DOO WKH YDOXH RI 1 ZLOO EH ]HUR�

'DWD LQ )LJXUH � VKRZ WKDW WKH PRVW IUHTXHQWO\ GHWHFWHG LQVHFWLFLGHV LQ VRXUFH
DQG UHFHLYLQJ ZDWHUV ZHUH FDUEDU\O� ¿SURQLO DQG ¿SURQLO GHJUDGDWHV ���������
1 ����� 7KH RUJDQRSKRVSKDWH LQVHFWLFLGHV PDODWKLRQ� DQG HVSHFLDOO\ GLD]LQRQ�
ZHUH GHWHFWHG DW ORZHU UDQJH RI IUHTXHQFLHV ��������� 1 ����� 'DWD VKRZ QR
DSSDUHQW GLIIHUHQFHV LQ ')V EHWZHHQ VRXUFH ZDWHUV �'51� DQG UHFHLYLQJ ZDWHUV
�5:%� SRVVLEO\ GXH WR SUR[LPLW\ RI VDPSOLQJ LQ ORFDWLRQ DQG WLPLQJ� ([FHSW IRU
¿SURQLO� WKH PD[LPXP GHWHFWHG FRQFHQWUDWLRQV IRU WKH WRS � LQVHFWLFLGHV UDQJHG
IURP ��� WR ��� �J�/� )RU ¿SURQLO� WKH PD[LPXP ZDV ��� �J�/ REVHUYHG LQ '51
ZDWHUV IURP 2UDQJH &RXQW\� $V H[SHFWHG� PD[LPXP FKHPLFDO FRQFHQWUDWLRQV LQ
GUDLQ ZDWHUV ZHUH KLJKHU WKDQ WKRVH GHWHFWHG LQ UHFHLYLQJ ZDWHU ERGLHV �� WR �[�
UHÀHFWLQJ WKH HIIHFW RI GLOXWLRQ� ,W LV DOVR QRWHG WKDW ERWK FKORUS\ULIRV DQG GLD]LQRQ
DUH VWLOO EHLQJ GHWHFWHG GHVSLWH GUDVWLF UHGXFWLRQ LQ XUEDQ XVH UHVXOWLQJ IURP (3$¶V
UHJXODWRU\ DFWLRQV� $V SRLQWHG RXW E\ WKH PRVW UHFHQW 86*6 UHSRUW RQ WUHQGV LQ
SHVWLFLGHV LQ WKH 86 ULYHUV DQG VWUHDPV� FRQFHQWUDWLRQV RI GLD]LQRQ GHFOLQHG� E\
QHDUO\ WZR RUGHUV RI PDJQLWXGH� LQ XUEDQ VWUHDPV DFURVV WKH FRXQWU\ IURP WKH \HDU
���� WR ���� GXH WR SKDVLQJ RXW RI LWV XVH ����� +RZHYHU� WKH UHSRUW SRLQWHG RXW
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WKDW XVH RI QHZ RU DOWHUQDWLYH SHVWLFLGHV� VXFK DV ¿SURQLO� FDXVHG D ZLGHVSUHDG
LQFUHDVH LQ ¿SURQLO FRQFHQWUDWLRQV LQ XUEDQ VWUHDPV� $Q REVHUYHG� WUHQG LQ ¿SURQLO
FRQFHQWUDWLRQV LQ �� ORFDWLRQV WKURXJKRXW WKH 8�6� VKRZV FRQFHQWUDWLRQ LQFUHDVH
LQ �� ORFDWLRQV ZLWK D GHFUHDVH LQ RQO\ RQH ORFDWLRQ LQ 1& DQG QR FKDQJH LQ RQH
RWKHU ORFDWLRQ LQ 7;�

)LJXUH �� $ VXPPDU\ JUDSK IRU WKH WRS ¿YH LQVHFWLFLGHV IUHTXHQWO\ GHWHFWHG LQ
VRXUFH GUDLQ ZDWHU �'51� DQG UHFHLYLQJ ZDWHU ERGLHV �5:%� LQ IRXU RI WKH PDMRU

XUEDQ DUHDV RI &DOLIRUQLD�

+HUELFLGHV 2FFXUUHQFH )UHTXHQFLHV�&RQFHQWUDWLRQV

7KH WRS ¿YH KHUELFLGHV WKDW ZHUH IUHTXHQWO\ GHWHFWHG LQ VRXUFH DQG UHFHLYLQJ
ZDWHUV ZHUH ����'� WULFORS\U� GLFDPED� GLXURQ DQG 0&3$ �)LJXUH ��� 2WKHU
KHUELFLGHV ZHUH GHWHFWHG DW ORZHU ')V DQG FRQFHQWUDWLRQV�

'DWD LQ )LJXUH � VKRZ WKDW WKHPRVW IUHTXHQWO\ GHWHFWHG KHUELFLGHV LQ UHFHLYLQJ
ZDWHUV ZHUH ����'� WULFORS\U� DQG GLXURQ ��������� 1 ����� 6OLJKWO\ ORZHU ')
ZHUH REVHUYHG IRU GLFDPED DQG 0&3$ ��������� 1 ����� ([FHSW RI GLFDPED�
WKH PD[LPXP GHWHFWHG FRQFHQWUDWLRQV IRU WKH WRS � KHUELFLGHV UDQJHG IURP ���
WR ���� �J�/� )RU GLFDPED� WKH PD[LPXP ZDV ��� �J�/ REVHUYHG LQ '51 ZDWHUV
IURP WKH 6DFUDPHQWR DUHD� ,Q GUDLQ ZDWHUV� WKH PD[LPXP FRQFHQWUDWLRQV RI IRXU
RI WKH WRS ¿YH KHUELFLGHV �0&3$� GLFDPED� GLXURQ DQG ����'�� LQ GUDLQ ZDWHUV�
ZHUH KLJKHU WKDQ WKRVH GHWHFWHG LQ UHFHLYLQJ ZDWHU ERGLHV ���� WR ��[� UHÀHFWLQJ
YDULDEOH HIIHFW RI GLOXWLRQ� ,Q FRQWUDVW� WKH PD[LPXP FRQFHQWUDWLRQV RI WULFORS\U
LQ '51 ZDWHUV ZHUH PXFK ORZHU ����[�� 5HVXOWV REWDLQHG IRU WULFORS\U PD\ EH
H[SODLQHG E\ WKH SRVVLELOLW\ WKDW UHFHLYLQJ ZDWHUV DW WKHVH ORFDWLRQV PD\ KDYH EHHQ
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FRQWDPLQDWHG ZLWK WKLV KHUELFLGH EHIRUH WKH SRLQW RI '51 GLVFKDUJH� $OWKRXJK
WKH ')V IRU KHUELFLGHV DUH KLJKHU WKDQ LQVHFWLFLGHV� ERWK GDWD VKRZ QR DSSDUHQW
GLIIHUHQFHV LQ ')V EHWZHHQ VRXUFH ZDWHUV �'51� DQG UHFHLYLQJ ZDWHUV �5:%��

)LJXUH �� $ VXPPDU\ JUDSK IRU WKH WRS ¿YH LQVHFWLFLGHV IUHTXHQWO\ GHWHFWHG LQ
VRXUFH GUDLQ ZDWHU �'51� DQG UHFHLYLQJ ZDWHU ERGLHV �5:%� LQ IRXU RI WKH PDMRU

XUEDQ DUHDV RI &DOLIRUQLD�

3\UHWKURLGV 2FFXUUHQFH )UHTXHQFLHV�&RQFHQWUDWLRQV

3\UHWKURLG LQVHFWLFLGHV WKDW ZHUH IUHTXHQWO\ GHWHFWHG LQ VRXUFH DQG UHFHLYLQJ
ZDWHUV LQFOXGHG ELIHQWKULQ� F\ÀXWKULQ� Ȝ�F\KDORWKULQ� F\SHUPHWKULQ� IHQYDOHUDWH�
HVIHQYDOHUDWH DQG SHUPHWKULQ �)LJXUH ��� 7KH S\UHWKURLG ELIHQWKULQ ZDV GHWHFWHG
LQ DOO VRXUFH DQG UHFHLYLQJ ZDWHU VDPSOHV ZLWK ')V UDQJLQJ IURP ������� �1 
���� IROORZHG E\ SHUPHWKULQ ZLWK D UDQJH RI ������ �1 ����� ')V IRU WKH RWKHU
S\UHWKURLGV ZHUH PXFK ORZHU WKDQ ELIHQWKULQ DQG SHUPHWKULQ DV WKH\ ZHUH LQ WKH
UDQJH RI ����� �1 �����

'HWHFWHG FRQFHQWUDWLRQV RI S\UHWKURLGV LQ VRXUFH DQG UHFHLYLQJ ZDWHUV UDQJHG
IURP ����� QJ�/� ,Q DOO RI WKH PRQLWRULQJ HYHQWV� KLJKHU S\UHWKURLG FRQFHQWUDWLRQV
ZHUH REVHUYHG LQ VRXUFH ZDWHUV �'51V� DV FRPSDUHG WR UHFHLYLQJ ZDWHU ERGLHV
�5:%V�� 6RXUFH ZDWHU FRQFHQWUDWLRQV ZHUH ������� WLPHV KLJKHU WKDQ UHFHLYLQJ
ZDWHUV LQ � RXW RI � PRQLWRULQJ HYHQWV DQG QR S\UHWKURLG ZDV GHWHFWHG LQ WKH
UHFHLYLQJ ZDWHUV RI WZR RXW RI WKH VL[ HYHQWV� 7KLV LV SUREDEO\ D UHVXOW RI
SDUWLWLRQLQJ RI WKH S\UHWKURLGV WR WKH RUJDQLF FDUERQ LQ VXVSHQGHG�XQGHUO\LQJ
VHGLPHQWV RI UHFHLYLQJ ZDWHU ERGLHV�
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)LJXUH �� $ VXPPDU\ JUDSK IRU S\UHWKURLG LQVHFWLFLGHV IUHTXHQWO\ GHWHFWHG LQ
VRXUFH GUDLQ ZDWHU �'51� DQG UHFHLYLQJ ZDWHU ERGLHV �5:%� LQ WKUHH RI WKH

PDMRU XUEDQ DUHDV LQ &DOLIRUQLD�

9DULDWLRQV $VVRFLDWHG ZLWK *HRJUDSKLFDO /RFDWLRQV

9DULDWLRQV LQ ERWK FRQFHQWUDWLRQV DQG ')V DUH VXPPDUL]HG LQ WZR ZD\V EDVHG
RQ WKH UHSRUWHG PRQLWRULQJ GDWD IRU WKH IRXU PDMRU XUEDQ DUHDV RI &DOLIRUQLD�
7KH ¿UVW LV E\ FRPSDULQJ PD[LPXP ')V RI WKH LQVHFWLFLGH LQ DOO PRQLWRULQJ
HYHQWV �'51�'U\� '51�5DLQ� 5&%�'U\ DQG 5:%�5DLQ� UHIHUUHG WR DV WKH
')V FRPSDULVRQ�� 7KH VHFRQG LV E\ FRPSDULQJ PD[LPXP�PLQLPXP ')V DQG
PD[LPXP FRQFHQWUDWLRQV GHWHFWHG LQ WKH PDMRU VRXUFH RI FRQWDPLQDWLRQ� WKDW LV
WKH VWRUP ZDWHU GUDLQV LQ WKH WZR PRQLWRULQJ HYHQWV �'51�'U\ DQG '51�5DLQ�
UHIHUUHG WR DV WKH '51 ')�&RQFHQWUDWLRQ FRPSDULVRQ�� 7KH WZR W\SHV RI
FRPSDULVRQV DUH FRQGXFWHG KHUHLQ IRU LQVHFWLFLGHV� KHUELFLGHV DQG S\UHWKURLGV�

)RU LQVHFWLFLGHV� )LJXUH � VKRZV GLIIHUHQFHV LQ WKH PD[LPXP ')V RI
PRQLWRUHG LQVHFWLFLGHV EHWZHHQ YDULRXV XUEDQ ORFDWLRQV LQ WKH VWDWH RI &DOLIRUQLD�

7KH ')V FRPSDULVRQ VKRZ WKDW DOO RI WKH WRS ¿YH LQVHFWLFLGHV ZHUH GHWHFWHG� LQ
YDULHG PD[LPXP ')V� LQ WKUHH RI WKH PDMRU XUEDQ DUHDV RI &DOLIRUQLD �6)%� 251
DQG 61'�� 'LD]LQRQ ZDV WKH RQO\ LQVHFWLFLGH WKDW ZDV QRW GHWHFWHG LQ 6$& DUHD�
,W LV DOVR DSSDUHQW WKDW XUEDQ DUHDV RI VRXWKHUQ &DOLIRUQLD �251 DQG 61'� VKRZ
KLJKHU PD[LPXP ')V� IRU WKHVH ¿YH LQVHFWLFLGHV� FRPSDUHG WR WKH QRUWKHUQ XUEDQ
DUHDV RI WKH 6WDWH �6$& DQG 6)%�� 2EVHUYHG GLIIHUHQFHV FRXOG EH D UHÀHFWLRQ RI
H[SHFWHG KLJKHU LQVHFWLFLGHV XVDJH LQ WKH KRW FOLPDWH RI WKH VRXWK DV FRPSDUHG WR
WKH QRUWKHUQ SDUW RI WKH 6WDWH�

)LJXUH � VKRZV GLIIHUHQFHV LQ ')V DQG FRQFHQWUDWLRQV GHWHFWHG LQ VWRUPZDWHUV
UHÀHFWLQJ WKH FRQWULEXWLRQ RI WKLV LPSRUWDQW VRXUFH RI LQVHFWLFLGHV UHDFKLQJ VXUIDFH
ZDWHUV�
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)LJXUH �� 0D[LPXP GHWHFWLRQ IUHTXHQFLHV �')V� IRU WKH WRS ¿YH LQVHFWLFLGHV
GHWHFWHG LQ VRXUFH�UHFHLYLQJ ZDWHUV RI IRXU RI WKH PDMRU XUEDQ DUHDV RI &DOLIRUQLD
�6$& 6DFUDPHQWR� 6)% 6DQ )UDQFLVFR %D\� 251 2UDQJH &RXQW\ DQG

61' 6DQ 'LHJR��

)LJXUH �� 0D[�PLQ 'HWHFWLRQ )UHTXHQFLHV �')V� DQG PD[LPXP FRQFHQWUDWLRQV
RI PDMRU LQVHFWLFLGHV GHWHFWHG LQ VRXUFH GUDLQ ZDWHUV �'51V� LQ 6DFUDPHQWR
�6$&�� 6DQ )UDQFLVFR %D\ �6)%�� 2UDQJH &RXQW\ �251� DQG 6DQ 'LHJR �61'�

XUEDQ DUHDV RI &DOLIRUQLD�
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7KH '51 ')�FRQFHQWUDWLRQ FRPSDULVRQ VKRZ YDULDWLRQV LQ WKH LQVHFWLFLGH
ORDG RI WKH VWRUP ZDWHU� 251 &RXQW\ DSSHDUV WR KDYH WKH KLJKHVW GHWHFWLRQV IRU
WKUHH RXW RI WKH IRXU LQVHFWLFLGHV �&DUE� )LS� DQG )LS'� DQG WKH VHFRQG KLJKHVW IRU
WKH RWKHU WZR LQVHFWLFLGHV �0DO DQG 'LD]�� 'DWD DOVR VKRZ WKDW PD[LPXP ')V
DSSHDU WR EH DVVRFLDWHG ZLWK KLJKHU FRQFHQWUDWLRQV GHWHFWHG LQ WKH VWRUP ZDWHU LQ
DOO RI WKH IRXU XUEDQ DUHDV�

)RU KHUELFLGHV� VLPLODU DQDO\VHV ZDV FRQGXFWHG �QRW VKRZQ� DQG UHVXOWV VKRZ
WKDW DOO RI WKH WRS ¿YH KHUELFLGHV ZHUH GHWHFWHG� LQ YDULHG PD[LPXP ')V� LQ DOO
RI WKH PDMRU XUEDQ DUHDV RI &DOLIRUQLD� +HUELFLGHV ZHUH GHWHFWHG DW KLJKHU ')V
WKDQ ���� H[FHSW IRU 0&3$ ZKLFK ZDV GHWHFWHG DW D ') RI ��� LQ 251� ��� LQ
61'� 251 VKRZHG WKH KLJKHVW ')V RI WKUHH KHUELFLGHV �����'� 7ULFOR� DQG 'LXUQ�
IROORZHG E\ 6$& ZLWK WKH ORZHVW EHLQJ WKH 61' DUHD� 7KH KHUELFLGH ����' ZDV
WKH PRVW IUHTXHQWO\ GHWHFWHG LQ DOO RI WKH IRXU DUHD IROORZHG E\ WULFORS\U LQ 6)%
DQG 251� 0&3$ KDG WKH OHDVW ')V UDQJLQJ IURP �� WR ��� ZLWK WKH OHDVW ')V LQ
251 IROORZHG E\ 61'� 6)% DQG 6$& �KLJKHVW��

'51 ')�FRQFHQWUDWLRQ FRPSDULVRQ VKRZ WKDW 251 FRXQW\ ZLWK WKH KLJKHVW
GHWHFWLRQV IRU WKUHH RXW RI WKH IRXU KHUELFLGHV ������'� 7ULFOR DQG 'LXU� DQG WKH
�UG DQG �WK KLJKHVW IRU WKH RWKHU KHUELFLGHV �'LFDP DQG 0&3$�� 'DWD DOVR VKRZ
WKDW PD[LPXP ')V GR QRW DOZD\V FRLQFLGH ZLWK KLJKHU FRQFHQWUDWLRQV GHWHFWHG LQ
WKH VWRUP ZDWHU� )RU H[DPSOH� 6$& KDG WKH ORZHVW ') RI GLXURQ FRPSDUHG WR WKH
RWKHU WKUHH DUHDV RI &DOLIRUQLD EXW KDG WKH VHFRQG KLJKHVW REVHUYHG FRQFHQWUDWLRQV
DQG 6)% KDG WKH �UG ')V DVVRFLDWHG ZLWK WKH KLJKHVW FRQFHQWUDWLRQV� $GGLWLRQDOO\�
GDWD RQ WKH PD[LPXP FRQFHQWUDWLRQV REVHUYHG LQ VRXUFH DQG UHFHLYLQJ ZDWHUV DUH
VXPPDUL]HG LQ )LJXUH ���

)LJXUH ��� 0D[LPXP FRQFHQWUDWLRQV RI KHUELFLGHV GHWHFWHG LQ XUEDQ PRQLWRULQJ
GDWD IURP 1RUWKHUQ DQG 6RXWKHUQ &DOLIRUQLD�
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7KH VXPPDU\ VKRZV WKDW KLJKHU FRQFHQWUDWLRQV RI WKH WRS � KHUELFLGHV �!���
WR ���� �J�/� ZHUH REVHUYHG LQ VRXUFH DQG UHFHLYLQJ ZDWHUV RI 1RUWKHUQ &DOLIRUQLD
XUEDQ DUHDV �6$& DQG 6)%� FRPSDUHG WR 251 DQG 61' RI VRXWKHUQ &DOLIRUQLD
��� �J�/�� ,Q 1RUWKHUQ &DOLIRUQLD� REVHUYHG PD[LPXP GLXURQ FRQFHQWUDWLRQV ZHUH
WKH KLJKHVW ����� WR ���� �J�/� IROORZHG E\ �� ��' ZLWK PD[LPXP FRQFHQWUDWLRQV
UDQJLQJ IURP ���� WR ���� �J�/� 7KH 0&3$ PD[LPXP FRQFHQWUDWLRQ ZDV KLJKHVW
LQ 6$& DUHD ����� �J�/� ZKLOH WULFORS\U ZDV KLJKHVW LQ 6)% DUHD ����� �J�/��

6LPLODU DQDO\VHV ZDV SHUIRUPHG RQ WKH S\UHWKURLGV GDWD ZKLFK LQFOXGHV
RQO\ WKUHH XUEDQ DUHDV 6$&� 6)% DQG 251� 61' ZDV QRW PRQLWRUHG� 5HVXOWV
RI WKH '51 ')�FRQFHQWUDWLRQ FRPSDULVRQ VKRZ WKDW ELIHQWKULQ ZDV GHWHFWHG LQ
'51 ZDWHUV LQ WKH WKUHH PRQLWRUHG DUHDV ZLWK PD[LPXP ')V�FRQFHQWUDWLRQV RI
������ QJ�/�� ������ QJ�/� DQG �������� QJ�/�� 7KH RWKHU IRXU S\UHWKURLGV
ZHUH RQO\ GHWHFWHG LQ 6$& �F\ÀXWKULQ ZLWK ')�FRQFHQWUDWLRQ RI �������� QJ�/
DQG F\SHUPHWKULQ ZLWK ')�FRQFHQWUDWLRQ RI �������� QJ�/�� 251 �Ȝ�F\KDORWKULQ
ZLWK ')�FRQFHQWUDWLRQ RI �������� QJ�/ DQG IHQYDOHUDWH�HVIHQYDOHUDWH ZLWK
')�FRQFHQWUDWLRQ RI �������� QJ�/�� $GGLWLRQDOO\� GDWD RQ WKH PD[LPXP
')V�FRQFHQWUDWLRQV REVHUYHG LQ VRXUFH DQG UHFHLYLQJ ZDWHU DUH VXPPDUL]HG LQ
)LJXUH ���

)LJXUH ��� 2EVHUYHG PD[LPXP GHWHFWLRQ IUHTXHQFLHV �')V��FRQFHQWUDWLRQV IRU
S\UHWKURLGV GHWHFWHG LQ VRXUFH�UHFHLYLQJ ZDWHUV RI WKUHH PDMRU XUEDQ DUHDV RI

&DOLIRUQLD �6DQ 'LHJR �61'� QRW PRQLWRUHG��
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6XPPDU\ GDWD LQGLFDWH WKDW WKH PD[LPXP ')V IRU ELIHQWKULQ ZHUH ���� LQ
6$&�6)% DUHDV DQG ��� LQ 251 &RXQW\ DUHD� ,Q WKH 6$& DUHD� WKH PD[LPXP
REVHUYHG FRQFHQWUDWLRQV RI ELIHQWKULQ� SHUPHWKULQ� F\SHUPHWKULQ DQG F\ÀXWKULQ
ZHUH ���� ����� ���� DQG ���� QJ�/� UHVSHFWLYHO\� ,Q 6)% DUHD� RQO\ SHUPHWKULQ DQG
ELIHQWKULQ ZHUH GHWHFWHG DW PD[LPXP FRQFHQWUDWLRQV RI �� DQG �� QJ�/� )LQDOO\� LQ
251 &RXQW\ WKH PD[LPXP REVHUYHG FRQFHQWUDWLRQV ZHUH �� QJ�/ IRU SHUPHWKULQ�
�� QJ�/ IRU ELIHQWKULQ� �� QJ�/ IRU IHQYDOHUDWH�HVIHQYDOHUDWH DQG �� QJ�/ IRU Ȝ�
F\KDORWKULQ�

9DULDWLRQV $VVRFLDWHG ZLWK :HW�'U\ &RQGLWLRQV

8UEDQ SHVWLFLGHV DUH PDLQO\ WUDQVSRUWHG IURP DSSOLFDWLRQ VLWHV LQWR VXUIDFH
ZDWHUV E\ XUEDQ UXQRII ZDWHUV UHVXOWLQJ IURP UDLQ VWRUPV DQG�RU LUULJDWLRQ� ,W
LV WKXV H[SHFWHG WKDW ')V DQG FRQFHQWUDWLRQV LQ GUDLQ DQG UHFHLYLQJ ZDWHUV WR
EH UHODWHG WR SHVWLFLGH SURSHUWLHV �SHUVLVWHQFH DQG VROXELOLW\�� ZDWHU DYDLODELOLW\
�UDLQ DQG LUULJDWLRQ�� DQG WLPLQJ RI DSSOLFDWLRQ� $GGLWLRQDOO\� DSSOLFDWLRQ UDWH
DQG IUHTXHQF\ RI DSSOLFDWLRQ DUH H[SHFWHG WR SOD\ D UROH LQ GHWHUPLQLQJ H[SHFWHG
SHVWLFLGH FRQFHQWUDWLRQV LQ VXUIDFH ZDWHUV DV WKHVH IDFWRUV DUH LPSRUWDQW LQ
GHWHUPLQLQJ WKH SHVWLFLGH ORDG LQ TXDQWLW\ DQG WLPLQJ� 7KH ODWWHU IDFWRUV FDQ EH
GHGXFHG IURP XVDJH GDWD�

7KH UHVXOWV RI WKH PRQLWRULQJ VWXG\ LQGLFDWHG WKDW PRVW SHVWLFLGHV ZHUH
GHWHFWHG GXULQJ ZHW WKDQ GU\ FRQGLWLRQV� 2QH H[FHSWLRQ ZDV ¿SURQLO DQG LWV
GHJUDGDWHV ZKLFK ZHUH GHWHFWHG DW KLJKHU IUHTXHQF\ GXULQJ GU\ ÀRZ LQ 251
&RXQW\� 2WKHU UHSRUWHG UHVXOWV LQFOXGHG WKH IROORZLQJ� ��� )LUVW UDLQVWRUP JDYH
WKH KLJKHVW ')V LQ DOO RI PRQLWRUHG VLWH H[FHSW LQ 251 FRXQW\� ��� 'HWHFWLRQ RI
¿SURQLO DQG LWV GHJUDGDWHV ZLWK WKH ¿UVW VWRUP ZDV VLPLODU WR GU\ ÀRZ FRQGLWLRQV
DQG FRUUHODWHG ZLWK XVDJH LQ 1RUWKHUQ &DOLIRUQLD� ��� 3HVWLFLGHV XVHG LQ XUEDQ
DUHDV PD\ VKRZ FRQWLQXRXV ORDG� VLPLODU WR ¿SURQLO� LQGHSHQGHQW RI UDLQ� ���
%LIHQWKULQ KDG KLJK GHWHFWLRQV DVVRFLDWHG ZLWK UDLQ HYHQWV DOWKRXJK LW LV PRVWO\
DSSOLHG GXULQJ WKH GU\ VHDVRQ� DQG ��� +HUELFLGHV KDG PRUH IUHTXHQF\ RI
GHWHFWLRQV GXULQJ WKH UDLQ\ VHDVRQ ZKLFK FRLQFLGHV ZLWK WLPLQJ RI LWV DSSOLFDWLRQ�
)XUWKHUPRUH� WKH DXWKRUV XVHG WKH GLIIHUHQFH EHWZHHQ ')V GXULQJ ZHW ÀRZ
DQG ')V GXULQJ GU\ ÀRZ DV DQ LQGLFDWRU IRU WKH LQÀXHQFH RI UDLQ RQ SHVWLFLGH
GHWHFWLRQV� 7KH UHVXOWV LQGLFDWH WKDW PRVW RI WKH SHVWLFLGHV DUH LQÀXHQFHG E\ UDLQ
JLYLQJ KLJKHU GHWHFWLRQ ZLWK WKH H[FHSWLRQ RI ¿SURQLO GHJUDGDWHV� 5DLQ DSSHDUHG
WR FDXVH WKH KLJKHVW GHWHFWLRQV IRU ELIHQWKULQ IROORZHG E\ GLXURQ� 0&3$� ����'�
PDODWKLRQ� GLFDPED� WULFORS\U� SHQGLPHWKDOLQ� FDUEDU\O DQG ¿SURQLO �ORZHVW��

7KH LQÀXHQFH RI GU\ DQG UDLQ FRQGLWLRQV RQ ')V DQG FRQFHQWUDWLRQV ZDV
H[DPLQHG EDVHG RQ PRQLWRULQJ GDWD IURP VWRUPZDWHU RXÀRZV �'51� XVLQJ
EXEEOH JUDSKV DQG DQ H[DPSOH RI WKHVH JUDSKV LV VKRZQ LQ )LJXUH �� IRU WKH
WRS ¿YH IUHTXHQWO\ GHWHFWHG LQVHFWLFLGHV� '51 GDWD ZHUH XVHG EHFDXVH LW UHÀHFW
SHVWLFLGH ORDG FDUULHG RXW E\ UXQ�RII� ,Q JHQHUDO� )LJXUH �� VKRZV� WKDW ODUJHU
QXPEHU�VL]H DQG KLJKHU SRVLWLRQV DUH IRU GHWHFWLRQV IROORZLQJ UDLQ FRPSDUHG WR
VPDOO QXPEHU�VL]H DQG ORZHU SRVLWLRQV IRU GHWHFWLRQV DVVRFLDWHG ZLWK GU\ ÀRZ�
7KLV LV WUXH IRU DOPRVW DOO RI WKH H[DPLQHG LQVHFWLFLGHV� H[FHSW RI FDUEDU\O� ¿SURQLO
DQG ¿SURQLO GHJUDGDWHV REVHUYHG LQ 251 &RXQW\�
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)LJXUH ��� ,QÀXHQFH RI GU\ DQG UDLQ ÀRZ FRQGLWLRQV RQ ')V DQG FRQFHQWUDWLRQV
RI LQVHFWLFLGHV LQ WKH XUEDQ DUHDV RI 6DFUDPHQWR �6$&�� 6DQ )UDQFLVFR %D\

�6)%�� 2UDQJH &RXQW\ �251� DQG 6DQ 'LHJR �61'��

6HGLPHQW 0RQLWRULQJ

6WUHDP EHG VHGLPHQW VDPSOHV ZHUH FROOHFWHG� GXULQJ GU\ ÀRZ FRQGLWLRQV�
LQ FUHHNV� D ULYHU� DQG D ODNH UHFHLYLQJ ZDWHUV IURP LGHQWL¿HG VWRUP GUDLQV RI
¿YH XUEDQ DUHDV LQ 1RUWKHUQ DQG 6RXWKHUQ &DOLIRUQLD �&$�1 DQG &$�6� �����
7KH &$�1 VLWH ZDV IURP *UD\VRQ FUHHN UHFHLYLQJ VWRUPZDWHU IURP WKH PL[HG
UHVLGHQWLDO�FRPPHUFLDO XUEDQ DUHD RI 0DUWLQH]�3OHDVDQW +LOO LQ WKH 6DQ )UDQFLVFR
%D\ DUHD� 7KH &$�6 VLWHV ZHUH IURP 6DOW &UHHN� :RRG &DQ\RQ &UHHN� 6DQ 'LHJR
5LYHU� DQG /LQGR /DNH UHFHLYLQJ VWRUP ZDWHUV IURP WKH PRVWO\ UHVLGHQWLDO RU
PL[HG UHVLGHQWLDO�FRPPHUFLDO XUEDQ DUHDV RI /DJXQD 1LJHO �2UDQJH &R��� $OLVR
9LHMR �2UDQJH &R��� 6DQ 'LHJR DQG /DNHVLGH FLWLHV� UHVSHFWLYHO\ �)LJXUH ����
,Q WKLV &DOLIRUQLD VWXG\� VHGLPHQW VDPSOHV ZHUH DQDO\]HG IRU � S\UHWKURLGV DQG
FKORUS\ULIRV DQG RQO\ � S\UHWKURLGV ZHUH LGHQWL¿HG� 7KH S\UHWKURLG IHQSURSDWKULQ
DQG WKH LQVHFWLFLGH FKORUS\ULIRV ZHUH QRW GHWHFWHG�

,Q DQRWKHU VWXG\� RFFXUDQFHV DQG SRWHQWLDO VRXUFHV RI S\UHWKURLGV LQ VWUHDP
EHG VHGLPHQWV IURP VHYHQ 8�6� PHWURSROLWDQ DUHDV ZHUH DVVHVVHG� 6HGLPHQW
VDPSOHV ZHUH FROOHFWHG LQ ���� IURP �� XUEDQ VWUHDPV ZLWKLQ WKH PHWURSROLWDQ
DUHDV RI $WODQWD� *$ �$7/�� %RVWRQ� 0$� 1+ �%26�� 'DOODVí)RUW :RUWK� 7;
�'$/�� 'HQYHU� &2 �&2�� 0LOZDXNHHí*UHHQ %D\� :, �0*%�� 6HDWWOHí7DFRPD�
:$ �6($�� DQG 6DOW /DNH &LW\� 87 �6/&� ���� �)LJXUH ���� ,Q WKLV QDWLRQDO VFDOH
VWXG\� VHGLPHQW VDPSOHV ZHUH DQDO\]HG IRU �� S\UHWKURLGV DQG UHSRUWHG GDWD ZHUH
IRU ¿YH S\UHWKURLGV�
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)LJXUH ��� 6WUHDP EHG VHGLPHQW VDPSOLQJ VLWHV IRU WKH VWDWHZLGH &DOLIRUQLD VWXG\
E\ (QVPLQJHU DQG .HOOH\ ���� DQG WKH QDWLRQZLGH VWXG\ E\ .XLYLOD HW DO� �����

7KH S\UHWKURLGV ELIHQWKULQ� Ȝ�F\KDORWKULQ� F\SHUPHWKULQ� SHUPHWKULQ DQG
UHVPHWKULQ ZHUH PRQLWRUHG LQ ERWK VWXGLHV� 'DWD IURP (QVPLQJHU DQG .HOOH\
���� LQFOXGHG PRQLWRULQJ GDWD IRU VHGLPHQWV XQGHUO\LQJ VWRUP GUDLQV LQ DGGLWLRQ
WR UHFHLYLQJ ZDWHU ERGLHV� 7KH GDWD VKRZ UHODWLYHO\ KLJK ')V IRU ELIHQWKULQ�
F\ÀXWKULQ� SHUPHWKULQ GHOWDPHWKULQ� Ȝ�F\KDORWKULQ DQG F\SHUPHWKULQ ��������
ZLWK PD[LPXP FRQFHQWUDWLRQV UDQJLQJ IURP �� WR ��� �J�NJ GU\ VHGLPHQW�
)HQYDOHUDWH�HVIHQYDOHUDWH PD[LPXP ')�FRQFHQWUDWLRQ ZDV UHSRUWHG WR EH
UHODWLYHO\ ORZHU ���� DQG �� �J�NJ�� +RZHYHU� RI LQWHUHVW LQ WKLV VHFWLRQ LV WKH
S\UHWKURLG FKHPLFDOV GDWD IRU VHGLPHQWV XQGHUO\LQJ UHFHLYLQJ ZDWHU ERGLHV DV
LW FDQ EH FRPSDUHG ZLWK GDWD REWDLQHG IRU WKH QDWLRQZLGH EHG VWUHDP VHGLPHQWV
VWXG\ FRQGXFWHG E\ .XLYLOD� HW DO� ���� 7KLV ZLOO SHUPLW FRPSDULVRQ EHWZHHQ
EHG VHGLPHQWV REWDLQHG QDWLRQZLGH IURP XUEDQ DUHDV YDULHG LQ K\GURORJ\�
ZHDWKHU� SHVWLFLGH XVH� WLPLQJ RI DSSOLFDWLRQ DQG ODQG FKDUDFWHULVWLFV�XVH� )LJXUH
�� VXPPDUL]HV WKH FRQFHQWUDWLRQ DQG ') GDWD REWDLQHG IURP ERWK VWXGLHV IRU
ELIHQWKULQ� Ȝ�F\KDORWKULQ� F\SHUPHWKULQ� SHUPHWKULQ�
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)LJXUH ��� $ VXPPDU\ RI WKH VHGLPHQW FRQFHQWUDWLRQ�') GDWD REWDLQHG IRU
ELIHQWKULQ �ELI�� Ȝ�F\KDORWKULQ �Ȝ�&\K�� F\SHUPHWKULQ �&\S� DQG SHUPHWKULQ

�3HU� �Q  QXPEHU RI VDPSOHV� IRU VDPSOLQJ ORFDWLRQ DEEUHYLDWLRQ UHIHU WR PDS
LQ )LJXUH ����

'DWD VKRZ YDULDEOH RFFXUUHQFH IUHTXHQFLHV DQG FRQFHQWUDWLRQV RI S\UHWKURLGV
GHWHFWHG LQ EHG VHGLPHQW VWUHDPV DFURVV WKH FRXQWU\� 5HSRUWHG GDWD PD\ EH
FDWHJRUL]HG E\ WKH IUHTXHQFLHV RI RFFXUUHQFH LQWR WKUHH FDWHJRULHV DV VKRZQ LQ
7DEOH ��
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7DEOH �� &DWHJRULHV IRU WKH )UHTXHQFLHV RI 3\UHWKURLG 2FFXUDQFHV LQ %HG 6HGLPHQWV

'HWHFWLRQ
)UHTXHQFLHV

0D[LPXP
&RQFHQWUDWLRQV %HG 6HGLPHQW /RFDWLRQ

3\UHWKURLG
'HWHFWHG ([FHSWLRQ 5HIHUHQFH

&$�6� &$�1� '$/ %LI 6/& ��� �J�NJ

�� � ���� ���� ± ��� �J�NJ &$�1 3HU

%26� $7/� 0*% %LI 1RQH

�� � ��� ��� � ��� �J�NJ '$/ Ȝ�&\K &$�6 �� �J�NJ
)LJXUH ��
7RS *UDSK

'(1 3HU

'$/� &$�6 &\S

��� � ��� �J�NJ 6($ %LI

$7/� 6($� 0*%� 6/& Ȝ�&\K

� � ��� ��� � ��� �J�NJ '(1 %LI 1RQH
)LJXUH ��

%RWWRP *UDSK

���

D
ow

nl
oa

de
d 

by
 K

el
ly

 M
or

an
 o

n 
O

ct
ob

er
 1

5,
 2

01
4 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e 
(W

eb
): 

Se
pt

em
be

r 2
2,

 2
01

4 
| d

oi
: 1

0.
10

21
/b

k-
20

14
-1

16
8.

ch
01

0

In Describing the Behavior and Effects of Pesticides in Urban and Agricultural Settings; Jones, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2014. 



0RQLWRULQJ YV� 0RGHOLQJ

7DUJHWHG PRQLWRULQJ GDWD� VLPLODU WR WKRVH GLVFXVVHG HDUOLHU� DUH LPSRUWDQW
UHVRXUFH IRU UHJXODWRUV RI XUEDQ SHVWLFLGHV� 7KHVH W\SH RI GDWD DUH DYDLODEOH
IRU SHVWLFLGHV WKDW KDYH EHHQ LQ XVH IRU PDQ\ \HDUV� 4XDOLW\ PRQLWRULQJ GDWD
FDQ EH XVHG DV D JURXQG WUXWK IRU YHULI\LQJ PRGHOHG HVWLPDWHG HQYLURQPHQWDO
FRQFHQWUDWLRQV �((&V� WKDW GHWHUPLQH DTXDWLF H[SRVXUH� ((&V DUH XVHG LQ
HFRORJLFDO DQG GULQNLQJ ZDWHU DVVHVVPHQWV� ,Q WKH FDVH RI SHVWLFLGHV XVHG LQ
XUEDQ VHWWLQJ� PRQLWRULQJ GDWD DUH PXFK PRUH LPSRUWDQW GXH WR WKH XVXDOO\ KLJK
XQFHUWDLQWLHV DVVRFLDWHG ZLWK PRGHOLQJ VXUIDFH ZDWHU H[SRVXUH LQ WKH XUEDQ
HQYLURQPHQW� ,Q VRPH FDVHV� LW ZDV QHFHVVDU\ WR XVH ((&V IURP PRQLWRULQJ GDWD
LQVWHDG RI PRGHOLQJ GXH WR ODFN RI VFHQDULRV WKDW ZRXOG UHSUHVHQW DSSOLFDWLRQ RI
D JLYHQ SHVWLFLGH DQG DVVRFLDWHG SURFHVVHV� )RU H[DPSOH� DSSOLFDWLRQ UDWH�DFUH�
QXPEHU RI DSSOLFDWLRQV DQG WLPLQJ DUH UHTXLUHG WR SHUIRUP 35=0�(;$06
PRGHOLQJ� /DEHO LQIRUPDWLRQ LV QRW HQRXJK DQG DVVXPSWLRQV KDG WR EH PDGH
WR HVWLPDWH WKHVH NH\ SDUDPHWHUV� )RU H[DPSOH� LQ WKH FDVH RI KRXVH SHULPHWHU
WUHDWPHQW WKH ODEHO XVXDOO\ JLYHV DSSOLFDWLRQ UDWH LQ OEV D�L����� VT� IW DQG SRVVLEO\
D UHFRPPHQGHG WUHDWPHQW RI � IW DURXQG WKH KRXVH� $ UHVLGHQWLDO DUHD IDFWRU LV
XVXDOO\ HVWLPDWHG LQ RUGHU WR DUULYH DW D UHDVRQDEOH DSSOLFDWLRQ UDWH IRU PRGHOLQJ
ZKLFK QHHGV HVWLPDWHV RI KRXVLQJ GHQVLW\�DFUH DQG DUHD WKDW ZRXOG EH WUHDWHG
�QHHG WR DVVXPH KRXVH GLPHQVLRQV�� 7KH DVVXPSWLRQV VKRXOG EH UHDVRQDEO\
FRQVHUYDWLYH DQG UHSUHVHQW WKH DUHD ZKHUH WKH SHVWLFLGH LV WR EH DSSOLHG� 7KH
WDVN RI DUULYLQJ DW UHDVRQDEOH HVWLPDWHV EHFRPHV PXFK PRUH GLI¿FXOW ZKHQ WKH
SHVWLFLGH LV WR EH XVHG RQ D QDWLRQDO VFDOH� 0DQ\ VFHQDULRV ZRXOG EH QHHGHG WR
UHSUHVHQW KRXVLQJ GHQVLWLHV DFURVV WKH 8�6� $GGLWLRQDOO\� RWKHU QHHGHG SDUDPHWHUV�
VXFK DV WLPLQJ RI DSSOLFDWLRQ� LV DVVXPHG FRQVHUYDWLYHO\ WR KDSSHQ DW RQH WLPH
IRU DOO KRXVHV ZLWKLQ D ���KHFWDUH DUHD� 35=0 FDOFXODWHV GDLO\ ORDG RI SHVWLFLGH
WUDQVSRUWHG E\ ZDWHU UXQ�RII DQG HURVLRQ LQWR ������ P� SRQG � P GHHS ZLWK QR
RXWOHW WR IXUWKHU VLPXODWH GHJUDGDWLRQ� ,Q FRQWUDVW� XUEDQ UXQRII ZDWHUV WUDQVSRUWV
SHVWLFLGHV� WKURXJK XUEDQ GUDLQDJH�SXPSLQJ V\VWHPV �LQ VRPH FDVHV WKURXJK
327:V�� LQWR VXUIDFH ZDWHU ERGLHV VXFK DV XUEDQ FUHHNV� ODNHV� DQG ULYHUV�
3HVWLFLGHV DUULYLQJ WR WKHVH ZDWHU ERGLHV PD\ WKHQ EH WUDQVSRUWHG YLD UXQQLQJ
ZDWHU UDWKHU EHLQJ KHOG LQWR D SRQG ZLWK QR RXWOHW� $OWKRXJK ((&V HVWLPDWHG LQ
SRQG� E\ (;$06� DUH H[SHFWHG WR EH FRQVHUYDWLYH EXW PXFK KLJKHU FRQVHUYDWLVP
PD\ UHVXOW LQ XQUHDOLVWLF HVWLPDWHV HVSHFLDOO\ ZLWK KLJKO\ SHUVLVWHQW SHVWLFLGHV WKDW
DFFXPXODWHV LQ WKH SRQG \LHOGLQJ KLJK ((&V�

0RQLWRULQJ GDWD DQG H[DPSOHV RI SUHYLRXV PRGHOLQJ IRU VXUIDFH ZDWHU ((&V
DUH FRPSDUHG IRU WZR RI WKH PRVW IUHTXHQWO\ GHWHFWHG SHVWLFLGHV� )LSURQLO DQG
ELIHQWKULQ �7DEOH ���
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7DEOH �� 0RGHOHG YV� 0RQLWRUHG ((&V IRU &$

0RGHOHG ((&V �QJ�/�

&KHPLFDO 7UHDWPHQW 7\SH
/DEHO 5DWH
�OEV DL�$�

0RGHOHG UDWH �1R� RI
$SSOLFDWLRQV�� 3HDN ���GD\ ���GD\

2EVHUYHG ((&V
LQ &$0RQLWRULQJ

�QJ�/��

+RXVH SHULPHWHU
WUHDWPHQW � IW� # ����� ����� OEV DL�$ ��� ���� ���� ����

)LSURQLO
%URDGFDVW ¿UH DQW
WUHDWPHQW 1RW 6WDWHG ����� OEV DL�$ ��� ��� ��� ���

0D[LPXP ���
DQG ��WK� ��

+RXVH SHULPHWHU
WUHDWPHQW ���� ���� ����

)LSURQLO WRWDO GHJUDGDWHV
%URDGFDVW ¿UH DQW
WUHDWPHQW

7KUHH GHJUDGDWHV PRGHOHG LQGLYLGXDOO\ VLPLODU
WR SDUHQW XVLQJ WKH IDWH SURSHUWLHV RI WKH
GHJUDGDWHV DQG WKH PD[ GDLO\ FRQYHUVLRQ
REVHUYHG LQ HQYLURQPHQWDO IDWH VWXGLHV FRUUHFWHG
IRU GLIIHUHQFHV LQ PROHFXODU ZHLJKWV ��� ��� ���

0D[LPXP ���
DQG ��WK� ���

%LIHQWKULQ
0DQ\ UHVLGHQWLDO
XVHV

9DULHG ODEHO UDWHV ZLWK FDOFXODWH UDQJH RI
DSSOLFDWLRQ UDWH RI ����� WR ��� OEV DL�$ DQG
IURP RQH DSSOLFDWLRQ WR WZHOYH DSSOLFDWLRQV #
����� GD\V LQWHUYDOV

&DSSHG E\ WKH VROXELOLW\ OLPLW RI
�� QJ�/

0D[LPXP ����
DQG ��WK� ����

� 0RGHOHG UDWH  &RXOG EH GLIIHUHQW IURP ODEHO UDWH EHFDXVH LW LV DQ DGMXVWHG UDWH EDVHG RQ WUHDWHG DUHD RI WKH DFUH� � 0D[LPXP DQG ��WK SHUFHQWLOH YDOXHV
GHWHFWHG LQ 5HFHLYLQJ ZDWHU ERGLHV �5:%��
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0RQLWRUHG PD[LPXP DQG ��WK SHUFHQWLOH ((&V IRU ERWK ¿SURQLO DQG ELIHQWKULQ
DUH KLJKHU WKDQ PRGHOHG ((&V VXJJHVWLQJ SRVVLEOH LPSURSHU SDUDPHWHUL]DWLRQ RI
WKH PRGHO� ,Q WKH FDVH RI ¿SURQLO� ORZHU ((&V PLJKW EH UHODWHG WR WKH DSSOLFDWLRQ
UDWH FDOFXODWHG IRU PRGHOLQJ DQG SRVVLEO\ D UHÀHFWLRQ RI WKH VFHQDULR XVHG� ,Q FDVH
RI ELIHQWKULQ� PRGHOHG ((&V ZHUH FDSSHG WR WKH OLPLW RI VROXELOLW\ RI WKH FKHPLFDO
ZKLFK LV �� QJ�/� 0RGHOHG ((&V DUH KLJKHU WKDQ WKH �� QJ�/ FRQFHQWUDWLRQ
H[SHFWHG IRU WKLV LQVROXEOH FKHPLFDO� ,Q IDFW� ELIHQWKULQ ZDV GHWHFWHG WR RFFXU
DW FRQFHQWUDWLRQ DV KLJK DV ���� QJ�/ ZKLFK LV DOPRVW WZR WLPHV LWV ODERUDWRU\
GHWHUPLQHG VROXELOLW\� 7KH REVHUYHG UHODWLYHO\ KLJK RFFXUUHQFH IRU ELIHQWKULQ LQ
UXQ�RII DQG VXUIDFH ZDWHUV PD\ EH DWWULEXWHG WR IDFWRUV VXFK DV ZDWHU FKHPLVWU\�
VXFK DV SUHVHQFH RI GLVVROYHG RUJDQLF FDUERQ RU FROORLGV� DQG SRVVLEOH HIIHFWV RI
WKH IRUPXODWLRQ WKDW PDNHV ELIHQWKULQ PRUH VROXEOH LQ VXUIDFH ZDWHUV WKDQ LQ SXUH
ODERUDWRU\ ZDWHU�

7KH DERYH H[DPSOH RI FRPSDULVRQ EHWZHHQ PRQLWRUHG DQG PRGHOHG GDWD LV
DW EHVW DQ DSSUR[LPDWLRQ GXH WR PDQ\ IDFWRUV VXFK DV ��� 0RGHOHG ((&V ZHUH QRW
D UHVXOW RI SURSHU SDUDPHWHUL]DWLRQ RI WKH PRGHO WR UHSUHVHQW PRQLWRUHG DUHDV� ���
7KH VXPPDU\ FRQFHQWUDWHG RQ WKH PD[LPXP REVHUYHG FRQFHQWUDWLRQV LQ RUGHU
WR LGHQWLI\ VLWHV KDYLQJ WKH KLJKHVW ((&V LQGLFDWLQJ WKHLU YXOQHUDELOLW\ QRWLQJ
WKDW WKHVH YDOXHV PD\ KDYH EHHQ LQÀXHQFHG E\ FRQWDPLQDWLRQ IURP RWKHU VRXUFHV
VXFK DV VSLOOV DQG WUDQVSRUWHG SHVWLFLGHV IURP DUHDV XSVWUHDP RU ZLWK DLUERUQH
SDUWLFOHV DQG�RU GULIW ��� ,GHDOO\� RQO\ WDUJHWHG PRQLWRULQJ GDWD� IRU DQ LGHQWL¿HG
YXOQHUDEOH VLWH� PD\ EH FRPSDUHG WR PRGHOLQJ GDWD XVLQJ SDUDPHWHUV UHSUHVHQWLQJ
WKH VDPH VLWH� 7KLV LV QRW WKH FDVH IRU WKH FRPSDULVRQ DERYH� PRQLWRULQJ GDWD ZHUH
IRU IRXU GLIIHUHQW XUEDQ DUHDV RI WKH 6WDWH RI &DOLIRUQLD� FRQVLVWHG RI �� YDOXHV
IRU ¿SURQLO DQG GHJUDGDWHV DQG RQO\ �� YDOXHV IRU ELIHQWKULQ DQG WKH PD[LPXP
QXPEHU RI YDOXHV IRU HDFK VLWH UDQJHG IURP � WR � �GU\ � ZHW HYHQWV� DQG RQO\
IURP � WR � IRU GU\ HYHQW DQG � WR � IRU ZHW HYHQWV� 0RQLWRULQJ GDWD QHHGHG IRU
FRPSDULVRQ VKRXOG UHSUHVHQW RQO\ RQH DUHD DQG VKRXOG EH H[WHQVLYH �GDLO\ RU
ZHHNO\�� 7KH PRQLWRULQJ GDWD XVHG ZHUH ZLWK LQWHUYDOV UDQJLQJ IURP �� WR ���
GD\V � WR ��� GD\V� IRU ELIHQWKULQ� ��� ,W LV LPSRUWDQW WR SRLQW RXW WKDW WKH XOWLPDWH
PD[LPXP H[SRVXUH ((&V LQ UHFHLYLQJ ZDWHU ERGLHV LV GHSHQGHQW RQ WKH PDVV RI
SHVWLFLGH WUDQVIHUUHG LQWR WKH ZDWHU ERG\� :LQWHU VWRUPZDWHU KLJK ÀRZ ZLWK ORZ
FRQFHQWUDWLRQ LV H[SHFWHG WR FRQWULEXWH PRUH SHVWLFLGH PDVV WR UHFHLYLQJ ZDWHUV
WKDQ VXPPHU ORZ ÀRZ ZLWK KLJK FRQFHQWUDWLRQ� ��� ,Q ÀRZLQJ ZDWHUV� VXFK DV
ULYHUV DQG VWUHDPV� REVHUYHG FRQFHQWUDWLRQV DUH H[SHFWHG WR EH LQÀXHQFHG E\ WKH
ÀRZ VWDWXV RI WKH ULYHUV DQG VWUHDPV EHFDXVH KLJKHU GLOXWLRQ ZLOO RFFXU DW KLJK
ÀRZ FRPSDUHG WR ORZ ÀRZ� DQG ��� ((&V DUH DOVR LQÀXHQFHG E\ WKH SHVWLFLGH IDWH
DQG WUDQVSRUW SURSHUWLHV DV ZHOO DV WKH UHFHLYLQJ ZDWHU FKDUDFWHULVWLF VXFK DV W\SH
RI VXVSHQGHG PDWWHU �FRQWHQW RI GLVVROYHG�VXVSHQGHG RUJDQLF FDUERQ DQG RWKHU
FROORLGDO PDWHULDOV�� 6XFK FRQWHQWV PD\ DGGLWLRQDOO\ LQÀXHQFH WKH ELRDYDLODELOLW\
RI WKH SHVWLFLGH DQG LWV WR[LF HIIHFWV�

3RWHQWLDO 5H¿QHPHQW IRU 0RGHOOLQJ ((&V

&XUUHQWO\� WKH 86(3$ FRQVLGHUV WKH PRGHOLQJ DSSURDFKHV GHVFULEHG DERYH
DQG UHVXOWDQW ((&V DV FUXGH HVWLPDWHV DQG SURYLGH RQO\ D VFUHHQLQJ�OHYHO
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LQIRUPDWLRQ� 7KLV LV GXH WR XQFHUWDLQWLHV UHJDUGLQJ� YDULDELOLW\ LQ VLWH
FKDUDFWHULVWLFV WKDW JRYHUQ UXQRII� HIIHFW RI GLIIHUHQW IRUPXODWLRQV� W\SHV RI
LPSHUYLRXV VXUIDFHV� DSSOLFDWLRQ PHWKRGV DQG WLPLQJ DQG QDWLRQDO UHSUHVHQWDWLRQ
RI UHJLRQV ZLWK YDULHG ODQGVFDSH� KRXVLQJ GHQVLW\ DQG K\GURORJLFDO IHDWXUHV�
7KHUHIRUH� UH¿QHPHQW RI UHVLGHQWLDO DQG LPSHUYLRXV VXUIDFH H[SRVXUH VFHQDULRV
LV QHHGHG� 7KLV FDQ EH GRQH E\ LQFRUSRUDWLQJ UHFHQW ¿QGLQJV WKDW FRXOG EH
XVHG WR DFFXUDWHO\ SDUDPHWHUL]H WKH UHVLGHQWLDO DQG LPSHUYLRXV VFHQDULRV XVHG LQ
PRGHOLQJ� 7KLV LQIRUPDWLRQ KHOSV LQ UH¿QHPHQW E\ SURYLGLQJ GDWD QHFHVVDU\ WR
HVWDEOLVK QDWLRQDO UHSUHVHQWDWLYH VFHQDULRV IRU YXOQHUDEOH VLWHV� 7KH FRQFHSWXDO
PRGHO IRU HVWDEOLVKLQJ WKHVH VWDQGDUG VFHQDULRV LQYROYHV WKH IROORZLQJ VWHSV� ���
LGHQWLI\ YXOQHUDEOH XUEDQ ZDWHUVKHGV EDVHG RQ DYDLODEOH PRQLWRULQJ GDWD DQG
GLIIHUHQW FOLPDWLF FRQGLWLRQV� SHVWLFLGH SUHVVXUH� DQG K\GURORJ\� ��� XQGHUVWDQG
WKH K\GURORJ\ RI WKH FKRVHQ ZDWHUVKHGV HVSHFLDOO\ WKH GUDLQDJH V\VWHP LQSXWV
DQG RXWSXWV� ��� FODVVLI\ HDFK RI WKH FKRVHQ ZDWHUVKHGV DFFRUGLQJ WR ODQG XVH
�FRPPHUFLDO� LQGXVWULDO� PL[HG DQG RWKHUV�� GHWHUPLQH IUDFWLRQV RI SHUYLRXV�
LPSHUYLRXV VXUIDFHV DQG GUDLQDJH V\VWHPV IRU XUEDQ UXQRII ZDWHUV� ��� FKRRVH
���KHFWDUH YXOQHUDEOH DUHDV RI WKH ZDWHUVKHG WKDW UHSUHVHQW W\SLFDO UHVLGHQWLDO�
FRPPHUFLDO� LQGXVWULDO DQG PL[HG GHYHORSPHQWV �WKDW LV WKH FDWFKPHQW DUHD IRU
35=0�� ��� VSHFLI\ WKH W\SHV RI VXUIDFH DUHDV� LQ WKH FKRVHQ FDWFKPHQWV� WKDW
ZRXOG EH WUHDWHG IRU YDULRXV ODEHO XVH SDWWHUQV �L�H�� KRPH SHULPHWHUV SDWLRV�
GULYHZD\V� HWF�� DQG WKH IUDFWLRQ RI WKDW DUHD WKDW ZRXOG EH WUHDWHG �L�H�� IUDFWLRQ
WUHDWHG IRU KRPH SHULPHWHUV SDWLRV� GULYHZD\V� HWF��� ��� GHWHUPLQH WKH DSSOLFDWLRQ
UDWHV IRU WKH UHVLGHQWLDO DQG LPSHUYLRXV VXUIDFH H[SRVXUH VFHQDULRV� ��� DGMXVW
WKH UDWH IRU YDULHG LPSHUYLRXV VXUIDFHV EDVHG RQ DYDLODEOH ZDVKRII VWXGLHV �WKLV
DGMXVWPHQW ZRXOG EH GHSHQGHQW RQ WKH PRGHOHG FKHPLFDOV�� ��� HVWDEOLVK D
SDWWHUQ IRU WLPLQJ RI DSSOLFDWLRQ ZLWKLQ WKH FKRVHQ ZDWHUVKHG� DQG ��� UXQ 35=0
VLPXODWLRQV ZLWK RXWSXWV SURFHVVHG WKURXJK PL[LQJ FHOOV LQWR YDULHG UHFHLYLQJ
ZDWHU ERGLHV �XUEDQ VWUHDPV� ODNHV DQG ULYHUV� WR DUULYH DW H[SRVXUH ((& DYHUDJHV
QHHGHG IRU ULVN DVVHVVPHQW�

$VVHVVLQJ $GXOWLFLGH 8VHV

0RVTXLWR FRQWURO UHPDLQV DV DQ LPSRUWDQW LVVXH LQ XUEDQ HQYLURQPHQWV LQ
WKH 8QLWHG 6WDWHV GXH WR WKH QHHG WR OLPLW PRVTXLWR�ERUQH GLVHDVHV� VXFK DV :HVW
1LOH YLUXV �DIIHFWLQJ KXPDQ KHDOWK� ����� RU GRJ KHDUWZRUP �DIIHFWLQJ SHWV� �����
:LGH DUHD DGXOW PRVTXLWR FRQWURO LV DFFRPSOLVKHG WKURXJK D GLIIHUHQW SHVWLFLGH
PHWKRG RI DSSOLFDWLRQ� ,Q OLHX RI FRQYHQWLRQDO JURXQG RU DHULDO DSSOLFDWLRQV XVLQJ
¿QH� PHGLXP RU FRXUVH GURSOHWV �DFFRUGLQJ WR $PHULFDQ 6RFLHW\ RI $JULFXOWXUDO
DQG %LRORJLFDO (QJLQHHUV �$6$%(� 6WDQGDUG 6�������� PRVTXLWR DGXOWLFLGHV DUH
DSSOLHG DV JURXQG RU DHULDO PLVWV� XVLQJ H[WUHPHO\ ¿QH GURSOHWV� NQRZQ DV 8OWUD�
/RZ 9ROXPH �8/9� GURSOHWV� $GXOWLFLGH DSSOLFDWLRQ UDWHV DUH XVXDOO\ D YHU\ VPDOO
IUDFWLRQ RI WKH UDWH RI FRDUVHU GURSOHW DSSOLFDWLRQV XVHG WR FRQWURO RWKHU LQVHFWV
�H�J�� LQ WKH RXQFHV RI SURGXFW SHU DFUH UDQJH�� &RQYHQWLRQDO SHVWLFLGH DSSOLFDWLRQV
DUH W\SLFDOO\ LQWHQGHG WR KLW WKH FURS �L�H�� IRU IROLDU DSSOLFDWLRQV�� ZKLOH WKH 8/9
GURSOHWV DUH LQWHQGHG WR UHPDLQ DLUERUQH WR KLW PRVTXLWRHV LQ ÀLJKW� $ FULWLFDO
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UHYLHZ RI 8/9 WHFKQRORJ\� LQFOXGLQJ HI¿FDF\� YDULDEOHV WKDW DIIHFW VSDFH 8/9
DSSOLFDWLRQV� DQG VRPH LQIRUPDWLRQ RQ QRQ�WDUJHW LPSDFW� KDV EHHQ SXEOLVKHG �����

([DPSOHV RI SHVWLFLGHV DSSOLHG WKURXJK 8/9 VSUD\ SURGXFWV DUH SHUPHWKULQ�
SUDOOHWKULQ� G�SKHQRWKULQ �FRPPRQO\ NQRZQ DV 6XPLWKULQ��� S\UHWKULQV�
HWRIHQSUR[� PDODWKLRQ DQG QDOHG� 7KHVH FKHPLFDOV DUH RIWHQ WLPHV FR�IRUPXODWHG
ZLWK WKH V\QHUJLVW SLSHURQ\O EXWR[LGH �3%2� WR HQKDQFH WKHLU DFWLYLW\� *LYHQ
WKDW PDQ\ RI WKHVH SHVWLFLGHV DUH FRQVLGHUHG YHU\ WR[LF WR DTXDWLF RUJDQLVPV� DQ
DSSURDFK WR FDOFXODWH DTXDWLF HVWLPDWHG HQYLURQPHQWDO H[SRVXUH FRQFHQWUDWLRQV
�((&V� LV UHTXLUHG� ,Q WKLV VHFWLRQ RI WKH FKDSWHU� D EULHI GHVFULSWLRQ RI KRZ
WKH 86(3$ DVVHVVHV HFRORJLFDO H[SRVXUH IURP DGXOWLFLGHV LV SUHVHQWHG� XVLQJ
PRGHOLQJ DQG RSHQ OLWHUDWXUH GDWD IRU DHULDO DQG JURXQG DSSOLFDWLRQV� UHVSHFWLYHO\�
7KH VHFWLRQ ZLOO SURYLGH D V\QRSVLV RI WKH XVH LQIRUPDWLRQ DQG PRGHOLQJ� ZKLFK
LQFOXGHV GLVFXVVLRQV RI DTXDWLF DQG WHUUHVWULDO H[SRVXUH� )RU DHULDO DSSOLFDWLRQV�
WKH $*ULFXOWXUDO ',63SHUVDO GULIW PRGHO �$*',63 Y������ LV XVHG IRU WKLV
SXUSRVH� )RU JURXQG DSSOLFDWLRQV� D UHYLHZ RI OLWHUDWXUH LQIRUPDWLRQ DQG RWKHU
OLQHV�RI�HYLGHQFH SURYLGHG DQ XSSHU ERXQG GHSRVLWLRQ OHYHO� $ VKRUW H[DPSOH RI
DQ DGXOWLFLGH HFRORJLFDO ULVN DVVHVVPHQW¶V UHVXOWV ZLOO EH SURYLGHG� DQG FRPSDUHG
DJDLQVW PRQLWRULQJ GDWD�

8VH RI $GXOWLFLGHV

,Q ����� D 3HVWLFLGH 5HJLVWUDWLRQ �35� 1RWLFH� WLWOHG ³/DEHOLQJ 6WDWHPHQWV RQ
3URGXFWV 8VHG IRU $GXOW 0RVTXLWR &RQWURO´� ZDV LVVXHG �35 1RWLFH ������ ������
7KH 35 1RWLFH ������ ���� SURYLGHG UHFRPPHQGDWLRQV IRU ODEHO ODQJXDJH IRU
SHVWLFLGHV SURGXFWV IRU ZLGH DUHD JURXQG RU DHULDO DGXOW PRVTXLWR FRQWURO SURGXFWV�
DSSOLHG RQO\ WKURXJK 8/9 VSUD\ RU IRJ�

7KH 35 1RWLFH ������ ���� LQFOXGHG VHYHQ PDMRU UHFRPPHQGDWLRQV �����
$PRQJ WKH UHFRPPHQGDWLRQV� DGXOW PRVTXLWR FRQWURO DSSOLFDWLRQV VKRXOG EH
OLPLWHG WR WUDLQHG SHUVRQQHO DQG XVHUV VKRXOG FRQVXOW WKHLU 6WDWH DQG 7ULEDO DJHQF\
WR GHWHUPLQH LI SHUPLWV RU UHJXODWRU\ UHTXLUHPHQWV H[LVW� $GGLWLRQDOO\� DGXOWLFLGH
DSSOLFDWLRQV VKRXOG EH FOHDUO\ GLVWLQJXLVKHG IURP FRQYHQWLRQDO DSSOLFDWLRQV RI
LQVHFWLFLGHV LQ WKH ODEHO GLUHFWLRQV� 7KH ³(QYLURQPHQWDO +D]DUGV´ VHFWLRQ RI WKH
ODEHOV VKRXOG EH FOHDU DQG GLUHFW DSSOLFDWLRQV RYHU ERGLHV RI ZDWHU VKRXOG EH
DOORZHG XQGHU FHUWDLQ FLUFXPVWDQFHV� %HH SUHFDXWLRQDU\ ODQJXDJH VKRXOG DOORZ
DGXOWLFLGH DSSOLFDWLRQV LQ RUGHU WR UHVSRQG WR WKUHDWV WR SXEOLF KHDOWK WKDW PLJKW
EH LGHQWL¿HG� $V RI 2FWREHU ��� ����� UHJLVWUDQWV ZHUH H[SHFWHG WR VXEPLW ODEHO
DPHQGPHQWV UHÀHFWLQJ UHFRPPHQGHG ODEHO ODQJXDJH� KRZHYHU� VRPH ODEHOV ZHUH
FKDQJHG DIWHU WKLV GDWH� 7KLV ODQJXDJH DOVR SURYLGHG PRUH FRQVLVWHQW LQVWUXFWLRQV
DFURVV GLIIHUHQW SURGXFWV UHODWLYH WR WKH TXDOLW\ RI VSUD\ GURSOHW� DSSOLFDWLRQ
UDWH� VHDVRQDO RU DQQXDO UDWH� HWF� $GXOWLFLGH DSSOLFDWLRQ SDUDPHWHUV DUH DOVR
KLJKO\ GHSHQGHQW RQ DFWXDO ZHDWKHU FRQGLWLRQV� VXFK DV ZLQG VSHHG DQG GLUHFWLRQ�
35 1RWLFH ������ ���� DGGUHVVHV VXFK LVVXHV DV ZHOO� 7KH ODEHOV IRU PRVTXLWR
DGXOWLFLGHV QRZ LQFOXGH UHVWULFWLRQV VXUURXQGLQJ WKH VL]H RI WKH GURSOHWV IURP WKH
DSSOLFDWLRQV� $FFRUGLQJ WR WKH UHFRPPHQGDWLRQ� WZR GURSOHW GLPHQVLRQV VKRXOG
EH VSHFL¿HG� RQH LV WKH 'Y��� �WKH YROXPH PHGLDQ GLDPHWHU� KDOI RI WKH YROXPH
RI VSUD\ FRQWDLQV GURSOHWV ZKLFK DUH VPDOOHU WKDQ WKH VWDWHG YDOXH�� DQG WKH RWKHU
LV WKH 'Y��� ���� RI WKH VSUD\ LV FRQWDLQHG LQ GURSOHWV VPDOOHU WKDQ WKLV YDOXH��
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ERWK H[SUHVVHG LQ PLFURQV �H�J�� 'Y��� ��� �P DQG 'Y��� ���� �P� IRU DHULDO
DSSOLFDWLRQV�� )XUWKHUPRUH� ODEHOV QRZ LQGLFDWH WKH IUHTXHQF\ DQG WLPLQJ RI
DSSOLFDWLRQV� DQG WKH PD[LPXP DQQXDO DSSOLFDWLRQ UDWH� 7KLV LQIRUPDWLRQ LV YHU\
XVHIXO DQG DOORZV WKH DVVHVVRU WR GHWHUPLQH ZKLFK FRQGLWLRQV VKRXOG EH DVVHVVHG
IRU ULVN RI DTXDWLF �DQG WHUUHVWULDO� H[SRVXUH� 0RUHRYHU� WKH DOWLWXGH RI DHULDO
DSSOLFDWLRQV LV RIWHQWLPHV DOVR VSHFL¿HG �H�J�� ��� IW��

0RGHOLQJ $SSURDFK IRU $GXOWLFLGH $VVHVVPHQW

$V LQGLFDWHG HDUOLHU� WKH PRGHOLQJ DSSURDFK IRU WKH DHULDO DGXOWLFLGH XVH
LQFOXGHV FDOFXODWLRQV RI VSUD\ GULIW XVLQJ WKH H[SRVXUH PRGHO $*',63� 7KLV
FRPSXWHU SURJUDP HVWLPDWHV WKH GHSRVLWLRQ RI WKH SHVWLFLGH WR WKH WUHDWHG DUHD�
ZKLFK LV WKH DSSOLFDWLRQ HI¿FLHQF\� )XUWKHU� E\ PHDQV RI LWV WRROER[ ³'HSRVLWLRQ
$VVHVVPHQW�´ WKH GHSRVLWLRQ WR DGMDFHQW ERGLHV RI ZDWHU �L�H� WKH VWDQGDUG SRQG��
WKH YDOXH RI VSUD\ GULIW FDQ EH REWDLQHG� $*',63 SURYLGHV D SUHGLFWLRQ RI VSUD\
GULIW XQGHU FLUFXPVWDQFHV ZKHUH D PRVTXLWR DGXOWLFLGH LV XVHG� %HVLGHV WKH 'Y����
'Y���� DQG ERRP KHLJKW� RWKHU SDUDPHWHUV RI LPSRUWDQFH LQ PRGHOLQJ LQ $*',63
LQFOXGH WKH VSUD\ YROXPH �XVXDOO\ H[SUHVVHG LQ JDOORQV SHU DFUH�� ZLQG VSHHG UDQJH
�PLOHV SHU KRXU�� ZLQG GLUHFWLRQ� VSUD\ PDWHULDO �H�J�� RLO RU ZDWHU EDVHG�� DQG
VSHFL¿F JUDYLW\� 7KH VSUD\ YROXPH� PDWHULDO� DQG VSHFL¿F JUDYLW\� DUH VSHFL¿HG RU
FDQ EH HVWLPDWHG IURP WKH ODEHO RU WKH PDWHULDO VDIHW\ GDWD VKHHW �06'6� IRU WKH
SURGXFW� RU IURP SURGXFW FKHPLVWU\ VXEPLVVLRQV� 7R PRGHO DHULDO DSSOLFDWLRQV�
WKH ORZHVW ERRP KHLJKW DOORZHG LQ WKH ODEHO LV VHOHFWHG� ZKLFK LV H[SHFWHG WR
UHVXOW LQ WKH KLJKHVW GHSRVLWLRQ DQG GULIW� 7KH PRGHO RXWSXW RI $*',63 LQFOXGHV
WKH VSUD\ GULIW IUDFWLRQ �REWDLQHG IURP WKH ³'HSRVLWLRQ $VVHVVPHQW´ WRRO RI
WKH PRGHO¶V 7RROER[�� DQG DSSOLFDWLRQ HI¿FLHQF\ �IUDFWLRQ RI WKH PDWHULDO WKDW
GHSRVLWV LQ WKH WDUJHW DUHD XQGHU WKH DLUFUDIW� ZKLFK LV H[SHFWHG WR EH PXFK ORZHU
WKDQ WKH GHIDXOW YDOXHV IRU W\SLFDO DJULFXOWXUDO DSSOLFDWLRQV�� ,Q RUGHU WR REWDLQ
DTXDWLF ((&V� WKHVH YDOXHV DUH XWLOL]HG DV LQSXW SDUDPHWHUV LQ WKH DTXDWLF PRGHOV
35=0�(;$06� 7R REWDLQ WHUUHVWULDO ((&V� WKH DSSOLFDWLRQ HI¿FLHQF\ FDQ EH XVHG
WR FRUUHFW WKH DSSOLFDWLRQ UDWH LQ 7�5(; �7HUUHVWULDO 5HVLGXH ([SRVXUH� Y��������
7KH ³DGMXVWHG DSSOLFDWLRQ UDWH´� EDVHG RQ DSSOLFDWLRQ HI¿FLHQF\ HVWLPDWHG E\
$*',63� LV WKH UDWH WKDW LV HQWHUHG LQWR 7�5(; IRU HVWLPDWLQJ H[SRVXUH DQG ULVN WR
QRQ�WDUJHW WHUUHVWULDO DQLPDOV� 7KH PRGHO FDQ DOVR EH XVHG WR HVWLPDWH H[SRVXUH WR
ZLOGOLIH RII WKH ¿HOG� E\ PHDQV RI WKH WHUUHVWULDO SRLQW HVWLPDWH RI WKH ³'HSRVLWLRQ
$VVHVVPHQW´ WRRO�

7KH $*',63 PRGHO KDV EHHQ XVHG IRU DHULDO DSSOLFDWLRQV� KRZHYHU� LW KDV
QRW EHHQ DSSURYHG IRU ZLGH XVH LQ ()(' IRU JURXQG DSSOLFDWLRQV� 5HFHQWO\� LQ
UHVSRQVH WR D UHTXHVW WR DPHQG FHUWDLQ ODEHOV� DQG D SHWLWLRQ E\ WKH +HDOWK (IIHFWV
'LYLVLRQ �+('�� ()(' HYDOXDWHG DHULDO 8/9 DSSOLFDWLRQV XVLQJ WKH PRGHO
$*',63 ����� 7KH PRGHO FKHPLFDO ZDV HWRIHQSUR[� *LYHQ WKH VDPH DSSOLFDWLRQ
SDUDPHWHUV �L�H�� GURS VL]H GLVWULEXWLRQ� DSSOLFDWLRQ PDWHULDO� DSSOLFDWLRQ KHLJKW��
PRGHO UHVXOWV LQGLFDWHG WKDW WKH GHSRVLWLRQ YDOXH LV VHQVLWLYH WR ZLQG VSHHG DV DQ
LQSXW SDUDPHWHU� )RU HWRIHQSUR[ WKH ZLQG VSHHG UDQJH DOORZHG E\ WKH ODEHO LV ����
PSK� %DVHG RQ $*',63 PRGHOLQJ RI DHULDO DSSOLFDWLRQV� DW ZLQG VSHHGV RI � PSK
WKH DSSOLFDWLRQ HI¿FLHQF\ �SHUFHQW RI WKH FKHPLFDO WKDW GHSRVLWV RQ WKH FURS� ZDV
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HVWLPDWHG WR EH a���� $GGLWLRQDOO\� WKH DSSOLFDWLRQ HI¿FLHQF\ GHFUHDVHV ZLWK
LQFUHDVLQJ ZLQG VSHHGV�

)RU JURXQG DSSOLFDWLRQV� HLJKW RSHQ OLWHUDWXUH VWXGLHV �7DEOH �� DQG D
GLVVHUWDWLRQ IRFXVHG RQ WKH PHFKDQLVWLF DVSHFWV RI GULIW IURP JURXQG�EDVHG
DGXOWLFLGH DSSOLFDWLRQV �6FKOHLHU ,,, ����� 6FKOHLHU ,,, HW DO� ������ ()(' HYDOXDWHG
WKHVH DUWLFOHV DQG GHWHFWHG WKDW SHDN GHSRVLWLRQ UDWHV� PHDVXUHG LQ D YDULHW\
RI GRVLPHWHUV� DQG DW GLIIHUHQW ZLQG VSHHGV DQG GLVWDQFHV IURP WKH DSSOLFDWLRQ
VLWHV ZHUH VLPLODU WR DHULDOO\ EDVHG 8/9 DSSOLFDWLRQV� &RQVHQVXV RI WKH VWXGLHV
LQGLFDWHG WKDW JURXQG 8/9 SHVWLFLGH GHSRVLWLRQ LV VLPLODU WR WKDW IURP DHULDO 8/9
SHVWLFLGHV� )RU JURXQG DSSOLFDWLRQV� WKH GHSRVLWLRQ LV H[SHFWHG WR UDQJH IURP �
WR ��� RI WKH DSSOLHG �7DEOH ���

7DEOH �� 6XPPDU\ RI 3HDN 'HSRVLWLRQ 5DWHV 5HSRUWHG LQ /LWHUDWXUH 6WXGLHV �

5HIHUHQFH 0DWHULDO
3HDN

GHSRVLWLRQ
�QJ�FP��

3HDN
GHSRVLWLRQ
�� DSSOLHG��

'LVWDQFH
IURP

DSSOLFDWLRQ
VRXUFH
WR SHDN
GHSRVLWLRQ

�P�

:LQG
VSHHG
�PSK��

)HQWKLRQ ���� � � 15

0DODWKLRQ ���� �� � 157XFNHU HW
DO� ����

1DOHG ���� �� � 15

0RRUH HW DO�
���� 0DODWKLRQ ���� �� ���� ���±���

7LHW]H HW DO�
���� 0DODWKLRQ �� � � ���±���

0DODWKLRQ ����� 1$ ��� �.QHSSHU HW
DO� ���� 3HUPHWKULQ ������ 1$ ��� �

7LHW]H HW DO�
���� 0DODWKLRQ ��� 1$ 8QNQRZQ �±���

1DOHG �� �� �� ���6FKOHLHU 	
3HWHUVRQ
���� 3HUPHWKULQ ��� ��� �� ���

3LHUFH HW DO�
���� 3HUPHWKULQ ��� �� 8QNQRZQ �í��

3UHIWDNHV HW
DO� ���� 3HUPHWKULQ � �� ��í�� P ���

� 6RXUFH� 86(3$ ����� � 1$ ± LQVXI¿FLHQW LQIRUPDWLRQ WR DVVHVV� 15 ± QRW UHSRUWHG�
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7KH UHYLHZ FRQFOXGHG� EDVHG RQ ()('¶V DQDO\VLV DQG JXLGDQFH SURYLGHG LQ
WKH ODEHO� WKDW D GHSRVLWLRQ UDWH RI ��� IRU VSUD\V UHDFKLQJ DJULFXOWXUDO FURSV LV
D FRQVHUYDWLYH HVWLPDWH IRU ERWK JURXQG �EDVHG RQ VXEPLWWHG OLWHUDWXUH GDWD� DQG
DHULDO �EDVHG RQ $*',63 PRGHOLQJ� 8/9 DSSOLFDWLRQV IRU HWRIHQSUR[�

$GXOWLFLGH ,QVHFWLFLGHV 0RQLWRULQJ 'DWD

0RQLWRULQJ GDWD IRU DGXOWLFLGHV LV VFDUFH� *LYHQ WKDW WKH\ DUH DSSOLHG DW
H[WUHPHO\ ORZ UDWHV� DQG VRPH RI WKHVH SHVWLFLGHV KDYH RWKHU XVHV� PRQLWRULQJ
UHVXOWV FDQ EH FRQIRXQGHG ZLWK RWKHU XVHV� )RU H[DPSOH� SHUPHWKULQ FDQ EH XVHG
DV DQ DGXOWLFLGH� KRZHYHU� LW FDQ EH XVHG RQ DJULFXOWXUDO FURSV� LQ UHVLGHQWLDO
VHWWLQJV� DQG LQGXVWULDO VLWHV� DQG LW KDV XVHV WKDW PD\ OHDG WR UHVLGXHV LQ ZDVWHZDWHU
GLVFKDUJHV� DQG FRQVHTXHQWO\ LQ WUHDWPHQW SODQW HIÀXHQWV�

,Q ����� 0LODP HW DO� ���� SXEOLVKHG D UHSRUW RI PRQLWRULQJ IRU WR[LFLW\
RI JURXQG DQG DHULDO SHUPHWKULQ DGXOWLFLGDO DSSOLFDWLRQV �SURGXFW %LRPLVW�� LQ
$UNDQVDV� 7R[LFLW\ ZDV SHUIRUPHG LQ VLWX LQ �� UHSOLFDWH WHVW FKDPEHUV SOXV
FRQWUROV� 7HVW RUJDQLVPV LQFOXGHG 'DSKQLD SXOH[� &HULRGDSKQLD GXELD� DQG
3LPHSKDOHV SURPHODV� )LYH WHVW RUJDQLVPV ZHUH SODFHG LQ HDFK FKDPEHU� 2QFH
SHUPHWKULQ ZDV DOORZHG WR VHWWOH� WKH FKDPEHUV ZHUH WUDQVIHUUHG WR WKH ODERUDWRU\
IRU WKH UHPDLQGHU RI WKH H[SRVXUH SHULRG ��� RU �� KRXUV�� 3� SURPHODV GLG
QRW DSSHDU WR EH VXVFHSWLEOH WR DHULDO RU JURXQG 8/9 SHUPHWKULQ DSSOLFDWLRQV�
VKRZLQJ ���� VXUYLYDO LQ DOO LQVWDQFHV� %RWK '� SXOH[ DQG &� GXELD DSSHDUHG WR
EH PRUH VXVFHSWLEOH WR DHULDO WKDQ WR JURXQG DSSOLFDWLRQV DQG VKRZHG YDULDEOH
VXUYLYDO UDWHV IURP JURXQG DSSOLFDWLRQV RI SHUPHWKULQ�

:HVWRQ HW DO� ���� UHSRUWHG WKHLU UHVXOWV IURPPRQLWRULQJ RI DHULDO DSSOLFDWLRQV
RI S\UHWKULQV DQG 3%2 LQ $XJXVW ����� XVLQJ WKH SURGXFW (YHUJUHHQ &URS
3URWHFWLRQ (& ���� �FRQWDLQLQJ �� S\UHWKULQV DQG ��� 3%2�� RQ a������
KHFWDUHV RYHU WKH GHQVHO\ SRSXODWHG DUHD RI 6DFUDPHQWR� &$� �DFURVV WKH $PHULFDQ
5LYHU�� 7UHDWHG DUHDV ZHUH SULPDULO\ FRPPHUFLDO DQG UHVLGHQWLDO� :DWHU DQG
VHGLPHQWV IURP VL[ FUHHNV GUDLQLQJ WKH WUHDWPHQW DUHD ZHUH VDPSOHG DQG WHVWHG
IRU WR[LFLW\ �ZDWHU &� GXELD WHVW �a����GD\ WHVWV�� VHGLPHQW +\DOHOOD D]WHFD
����GD\ WHVW� DQG FKHPLVWU\ �S\UHWKULQV� FKORUS\ULIRV� GLD]LQRQ DQG 3%2 LQ ZDWHU�
S\UHWKURLGV� S\UHWKULQV� 3%2 DQG FKORUS\ULIRV LQ VHGLPHQW�� $GGLWLRQDOO\� WZR
VHSDUDWH H[SHULPHQWV ZHUH SHUIRUPHG WR GHWHUPLQH WKH HIIHFW RI 3%2 RQ VHGLPHQW
VRUEHG S\UHWKURLGV� RQH ZDV FRQGXFWHG ZLWK D VHGLPHQW WKDW VKRZHG QHDU WRWDO
OHWKDOLW\ WR +� D]WHFD� DQG DQRWKHU ZLWK D VHGLPHQW VSLNHG ZLWK ELIHQWKULQ� 7KH
VHGLPHQW¶V /&��V ZHUH GHWHUPLQHG� ZLWK 3%2 SUHVHQW LQ WKH RYHUOD\LQJ ZDWHU DW
�� �� DQG �� �J�/� :DWHU DQDO\VLV LQGLFDWHG WKDW WKH VXP RI S\UHWKULQV , DQG ,,�
ZHUH QRW GHWHFWHG DERYH WKH UHSRUWLQJ OLPLW RI ���� �J�/� ZKLFK ZDV DWWULEXWHG
WR GHJUDGDWLRQ YLD SKRWRO\VLV DQG DGVRUSWLRQ E\ EHG VHGLPHQWV� KRZHYHU� 3%2
ZDV XQGHWHFWHG SULRU WR DSSOLFDWLRQ DQG UHDFKHG D PD[LPXP OHYHO RI ���� �J�/
DIWHU DSSOLFDWLRQ� 6HGLPHQW VDPSOH DQDO\VHV UHYHDOHG WKDW S\UHWKULQV , ZHUH
SUHVHQW DW D FRQFHQWUDWLRQ RI XS WR ��� �J�NJ GU\ ZHLJKW DIWHU DSSOLFDWLRQ DQG
3%2 FRQFHQWUDWLRQV ZHUH XS WR ���� �J�NJ GU\ ZHLJKW� 7KHUH ZDV QR HYLGHQFH
RI DTXDWLF WR[LFLW\ GXH WR WKH DSSOLFDWLRQ RI S\UHWKULQV DQG 3%2 DORQH� 7KH
DGGLWLRQDO WHVWLQJ LQGLFDWHG WKDW 3%2 FRQFHQWUDWLRQV RI ��� �J�/ LQ WKH RYHUOD\LQJ
ZDWHU ZHUH VXI¿FLHQW WR HQKDQFH SUHYLRXVO\ SUHVHQW VHGLPHQW S\UHWKURLG WR[LFLW\
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WR +� D]WHFD E\ D IDFWRU RI XS WR WZR� (YHQ WKRXJK WKHUH LV XQFHUWDLQW\ DERXW
WKH 3%2 DFWXDO H[SRVXUH GXUDWLRQ LQ WKH HQYLURQPHQW� DW WKH WUHDWPHQW VLWH 3%2
ZDV DSSOLHG RQ WKUHH FRQVHFXWLYH QLJKWV� 7KLV FRXOG FDXVH SURORQJHG 3%2
FRQFHQWUDWLRQV LQ WKH HQYLURQPHQW� :DWHU VDPSOLQJ RFFXUUHG DW �� DQG �� KRXUV
DIWHU DSSOLFDWLRQ DQG WKH GLIIHUHQFH LQ 3%2 FRQFHQWUDWLRQ EHWZHHQ VDPSOLQJV ZDV
QRW DSSUHFLDEOH� 7KLV DUWLFOH ZDV WKH ¿UVW WR VKRZ WKDW WKH V\QHUJLVW 3%2 FRXOG
SRVH DGGLWLRQDO ULVN WR DTXDWLF DQLPDOV� FRPSDUHG WR ULVN SRVHG E\ LQGLYLGXDO
LQVHFWLFLGH DFWLYH LQJUHGLHQWV� DW DQ HQYLURQPHQWDOO\ UHDOLVWLF 3%2 FRQFHQWUDWLRQ�

7KH 6DFUDPHQWR�<ROR 0RVTXLWR DQG 9HFWRU &RQWURO 'LVWULFW SURYLGHG D ZDWHU
TXDOLW\ PRQLWRULQJ HIIRUW IRU WKH VDPH DSSOLFDWLRQV E\ :HVWRQ HW DO� ���� �=LHJOHU
������ 1R VHGLPHQW VDPSOHV ZHUH WDNHQ IRU DQDO\VLV� :DWHU VDPSOHV ZHUH DQDO\]HG
IRU S\UHWKULQV DQG 3%2� ZLWK UHVSHFWLYH UHSRUWLQJ OLPLWV RI ��� DQG ��� �J�/� 6LQFH
DSSOLFDWLRQV ZHUH PDGH LQ WKH HYHQLQJ �XVXDOO\ DIWHU ���� SP�� IRU HDFK DSSOLFDWLRQ
HYHQW ZDWHU VDPSOHV ZHUH WDNHQ WKUHH WLPHV� ZKLFK UHSUHVHQWHG EHIRUH DSSOLFDWLRQ
�EDVHOLQH�� LQ WKH PRUQLQJ RQ WKH GD\ DIWHU DSSOLFDWLRQ �UHSUHVHQWLQJ LPPHGLDWH
SRVW�DSSOLFDWLRQ�� DQG LQ WKH DIWHUQRRQ RQ WKH GD\ DIWHU DSSOLFDWLRQ �QH[W GD\ SRVW�
DSSOLFDWLRQ� WDNHQ DSSUR[LPDWHO\ �� KRXUV DIWHU WKH LPPHGLDWH SRVW�DSSOLFDWLRQ
VDPSOHV�� )RU WKH ¿UVW DSSOLFDWLRQ HYHQW� LPPHGLDWH SRVW�DSSOLFDWLRQ VDPSOHV ZHUH
QRW WDNHQ� 5HVXOWV LQGLFDWHG WKDW WKH SUH�DSSOLFDWLRQ �EDVHOLQH� VDPSOHV ZHUH QRQ�
GHWHFWV DW WKH UHSRUWLQJ OLPLW IRU ERWK S\UHWKULQV DQG 3%2� )RU WKH LPPHGLDWH SRVW�
DSSOLFDWLRQ VDPSOHV� ��� DQG ��� RI WKH ZDWHU VDPSOHV ZHUH UHSRUWHG DV GHWHFWV
IRU S\UHWKULQV DQG 3%2� UHVSHFWLYHO\� )RU WKH QH[W GD\ SRVW�DSSOLFDWLRQ VDPSOHV�
S\UHWKULQV ZHUH QRW GHWHFWHG LQ DQ\ VDPSOHV DQG 3%2 ZDV GHWHFWHG LQ ��� RI WKH
VDPSOHV� 7KHPD[LPXP S\UHWKULQV FRQFHQWUDWLRQ UHSRUWHG ZDV ���� �J�/ DQG 3%2
ZDV DW D PD[LPXP FRQFHQWUDWLRQ RI �� �J�/�

6FKOHLHU DQG 3HWHUVRQ ���� GHULYHG /&��V IRU SHUPHWKULQ� SHUPHWKULQ
V\QHUJL]HG ZLWK 3%2� SHUPHWKULQ LQ WKH SURGXFW 3HUPHQRQH�� 3HUPDQRQH�
SOXV 3%2� WHFKQLFDO QDOHG� DQG QDOHG LQ WKH SURGXFW 7UXPSHW�� WRZDUGV WKH
UHSUHVHQWDWLYH PHGLXP±WR�ODUJH JURXQG�GZHOOLQJ QRQ�WDUJHW LQVHFW� WKH KRXVH
FULFNHW �$FKHWD GRPHVWLFXV �/���� 8VLQJ JURXQG 8/9 DSSOLFDWLRQV� WKHUH ZHUH
QR VLJQL¿FDQW GLIIHUHQFHV LQ PRUWDOLWLHV RI FDJHG KRXVH FULFNHWV H[SRVHG WR
3HUPDQRQH� RU QDOHG� FRPSDUHG WR FRQWUROV� 7KH DXWKRUV FDOFXODWHG ((&V
XVLQJ WKH ,QGXVWULDO 6RXUFH &RPSOH[ 6KRUW�7HUP �,6&67�� GLVSHUVLRQ PRGHO�
ZKLFK UHVXOWHG LQ H[FHHGDQFH RI WKH OHYHOV RI FRQFHUQ �/2&V� IRU WKH KRXVH
FULFNHW LQ DOO FDVHV� H[FHSW IRU WHFKQLFDO JUDGH SHUPHWKULQ� +RZHYHU� XVLQJ DFWXDO
HQYLURQPHQWDO FRQFHQWUDWLRQV� RQO\ WKH ULVN TXRWLHQW �54� IRU WHFKQLFDO JUDGH
QDOHG H[FHHGHG WKH /2&� 54V ZHUH ��� WR ����IROG ORZHU XVLQJ WKH PHDVXUHG
HQYLURQPHQWDO FRQFHQWUDWLRQV WKDQ XVLQJ PRGHOLQJ�

,Q DQRWKHU PRQLWRULQJ HIIRUW� .XLYLOD HW DO� ���� UHSRUWHG VDPSOLQJ IRU VHYHUDO
V\QWKHWLF S\UHWKURLGV LQ � PHWURSROLWDQ DUHDV DFURVV WKH 8�6�� ZKLFK H[FOXGHG
&DOLIRUQLD� $PRQJ WKH S\UHWKURLGV DQDO\]HG� UHVPHWKULQ ZDV LQFOXGHG� ZKLFK KDV
EHHQ XVHG SULPDULO\ IRU PRVTXLWR DEDWHPHQW� 7KH VWXG\ UHSRUWHG D IUHTXHQF\ RI
GHWHFWLRQ RI UHVPHWKULQ LQ VHGLPHQW VDPSOHV RI �� DQG D KLJKHVW FRQFHQWUDWLRQ RI
���� �J�NJ GU\ ZHLJKW� D PHGLDQ ��� �J�NJ� ZLWK D PHWKRG GHWHFWLRQ OLPLW RI ���
�J�NJ GU\ ZHLJKW� $FFRUGLQJ WR WKH DUWLFOH� JLYHQ WKDW UHVPHWKULQ LV XVHG SULPDULO\
DV DQ DGXOWLFLGH� WKH VRXUFH RI WKH FKHPLFDO IRU WKH VLWH WKDW VKRZHG WKH PD[LPXP
UHVPHWKULQ FRQFHQWUDWLRQ DW D VLWH ZLWKLQ (VWHV 3DUN� &RORUDGR �DQ XQGHYHORSHG
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ZDWHUVKHG�� LV DHULDO DSSOLFDWLRQV RI UHVPHWKULQ IRU PRVTXLWR FRQWURO� $FFRUGLQJ
WR WKLV DUWLFOH� D SUHYLRXV VWXG\ KDG UHSRUWHG D PD[LPXP UHVPHWKULQ FRQFHQWUDWLRQ
LQ VXVSHQGHG VHGLPHQW RI D 6DQ -RDTXLQ 9DOOH\� &DOLIRUQLD ZDWHUVKHG RI �� ȝJ�NJ
�����

3KLOOLSV HW DO� ���� LQFRUSRUDWHG WR[LFLW\ WHVWLQJ WR PRQLWRULQJ UHODWLYH WR
PRVTXLWR DGXOWLFLGH DSSOLFDWLRQV� $V D UHTXLUHPHQW RI D 1DWLRQDO 3ROOXWDQW
'LVFKDUJH (OLPLQDWLRQ 6\VWHP �13'(6� *HQHUDO 3HUPLW WR FRPSULVH GLVFKDUJHV
WR ZDWHUV IURP PRVTXLWR FRQWURO DSSOLFDWLRQV LQ &DOLIRUQLD LQ ����� WKH
&DOLIRUQLD 6WDWH :DWHU 5HVRXUFHV &RQWURO %RDUG DQG WKH 0RVTXLWR 9HFWRU &RQWURO
$VVRFLDWLRQ RI &DOLIRUQLD FRQGXFWHG FKHPLFDO DQG WR[LFLW\ DQDO\VHV LQ WKH ZDWHU
FROXPQ DQG VHGLPHQW SUH� DQG SRVW�DSSOLFDWLRQV RI PDODWKLRQ� QDOHG �DQG LWV
GHJUDGDWH GLFKORUYRV�� SHUPHWKULQ� G�SKHQRWKULQ� S\UHWKULQV� HWRIHQSUR[� DQG 3%2
�SOXV D VXLWH RI RWKHU S\UHWKURLGV�� GXULQJ �� PRVTXLWRFLGH DSSOLFDWLRQV LQ ����
DQG ����� 6HWWLQJV LQFOXGHG DQG ZHUH ODEHOHG DV XUEDQ� DJULFXOWXUDO DQG ZHWODQG
HQYLURQPHQWV� 3UH�DSSOLFDWLRQ ZDWHU DQG VHGLPHQW VDPSOHV ZHUH FROOHFWHG LQ WKH
HYHQLQJ RI HDFK DSSOLFDWLRQ GD\� 3RVW�DSSOLFDWLRQ ZDWHU VDPSOHV ZHUH FROOHFWHG
LQ WKH HDUO\ PRUQLQJ KRXUV ����KU SRVW�DSSOLFDWLRQ� DQG HYHQLQJV RI WKH GD\
DIWHU HDFK DSSOLFDWLRQ ����KU SRVW�DSSOLFDWLRQ�� 7KH SRVW�DSSOLFDWLRQ VHGLPHQW
VDPSOHV ZHUH WDNHQ ��� GD\V SRVW�DSSOLFDWLRQV� WR DOORZ WLPH IRU SDUWLWLRQLQJ
ZLWK WKH VHGLPHQWV� 7KH WR[LFLW\ RI PDODWKLRQ DQG QDOHG ZDV DVVHVVHG XVLQJ
&HULRGDSKQLD GXELD� ZKLOH WKH WR[LFLW\ RI S\UHWKURLGV DQG S\UHWKULQV ZDV DVVHVVHG
XVLQJ +\DOHOOD D]WHFD�

2QO\ IRXU SRVW�DSSOLFDWLRQ VHGLPHQW VDPSOHV ZHUH PRUH WR[LF WKDQ WKHLU
FRUUHVSRQGLQJ SUH�DSSOLFDWLRQ VDPSOHV� KRZHYHU� WKH WR[LFLW\ FRXOG QRW EH
DWWULEXWHG WR WKH VSUD\ HYHQWV DQG WKHUH ZDV D OLPLWHG QXPEHU RI FKHPLFDOV WHVWHG
�7DEOH ���

7R[LFLW\ RI QLQH RXW RI �� WR[LF ZDWHU VDPSOHV ZDV UHODWHG WR DSSOLFDWLRQV RI
QDOHG DQG DWWULEXWHG WR LW¶V GHJUDGDWH GLFKORUYRV� *LYHQ WKH OLPLWHG QXPEHU RI
DGXOWLFLGH FKHPLFDOV DYDLODEOH LQ WKH PDUNHW� DQG WKDW QDOHG LV RQO\ RQH RI WZR
RUJDQRSKRVSKDWH SHVWLFLGHV XVHG IRU WKLV SXUSRVH� WKH DXWKRUV UHFRPPHQGHG EHVW
PDQDJHPHQW SUDFWLFHV WR SUHYHQW WR[LFLW\ GXH WR QDOHG DSSOLFDWLRQV� 7KH\ LQGLFDWHG
WKDW VRPH SUDFWLFHV DUH DOUHDG\ EHLQJ LPSOHPHQWHG �7DEOH ���
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7DEOH �� 6XPPDU\ RI 6DPSOLQJ 5HVXOWV IURP 0RQLWRULQJ 0RVTXLWRFLGH $SSOLFDWLRQV� �6RXUFH� 3KLOOLSV HW DO� �����

&KHPLFDO 7R[LFLW\ &RQFHQWUDWLRQV DQG 2WKHU 1RWHV

6HGLPHQW

3UH�$SS 6DPSOHV 2XW RI �� VDPSOHV� RQO\ RQH H[KLELWHG VLJQL¿FDQW WR[LFLW\ �+�
D]WHFD�� WDNHQ EHIRUH D G�SKHQRWKULQ DSSOLFDWLRQ�

7KH FRUUHVSRQGLQJ SRVW�DSSOLFDWLRQ VDPSOH H[KLELWHG WKH VDPH
PHDQ VXUYLYDO ������ DQG LW ZDV QRW IRXQG WR EH VLJQL¿FDQW�

3HUPHWKULQ 2QO\ RQH XUEDQ VLWH ZDV VDPSOHG IRU SHUPHWKULQ� ZKLFK
H[KLELWHG VLJQL¿FDQW WR[LFLW\ SUH�DSSOLFDWLRQ �+� D]WHFD�� 6HH
DERYH�

7KH SHUPHWKULQ FRQFHQWUDWLRQ ZDV EHORZ WKH WR[LFLW\ WKUHVKROG�

3\UHWKULQV 7ZR RI WKH XUEDQ VLWHV H[KLELWHG WR[LFLW\ SRVW�DSSOLFDWLRQ �+�
D]WHFD��

7KHUH ZHUH QR GHWHFWLRQV RI S\UHWKULQV DQG QR VDPSOH H[FHHGHG
WKH 3%2 WR[LFLW\ WKUHVKROG�

G�SKHQRWKULQ )LYH ZHWODQG DQG ¿YH DJULFXOWXUDO VLWHV ZHUH VDPSOHG IRU
G�SKHQRWKULQ� DOO RI ZKLFK GLG QRW H[KLELW VLJQL¿FDQW WR[LFLW\
SUH� DQG SRVW�DSSOLFDWLRQ �+� D]WHFD��

1R VDPSOH KDG FRQFHQWUDWLRQV RI G�SKHQRWKULQ RU 3%2 H[FHHGLQJ
WKHLU WR[LFLW\ WKUHVKROGV�

:DWHU &ROXPQ

3UH�$SS 6DPSOHV 2XW RI �� VDPSOHV� RQO\ RQH H[KLELWHG VLJQL¿FDQW WR[LFLW\ �+�
D]WHFD�� WDNHQ EHIRUH D G�SKHQRWKULQ DSSOLFDWLRQ�

7KH FRUUHVSRQGLQJ SRVW�DSSOLFDWLRQ VDPSOH ZDV QRW VLJQL¿FDQWO\
WR[LF DW WKH VDPH VLWH�

0DODWKLRQ 7ZR VLWHV ZHUH WHVWHG� ZKLFK GLG QRW H[KLELW VLJQL¿FDQW WR[LFLW\
�&� GXELD��

7KH FRQFHQWUDWLRQV RI PDODWKLRQ ZHUH EHORZ WKH RUJDQLVP
WKUHVKROG�

1DOHG 6L[ XUEDQ� WZR ZHWODQG DQG RQH DJULFXOWXUDO VLWHV ZHUH WHVWHG�
6LJQL¿FDQW WR[LFLW\ ZDV REVHUYHG LQ ERWK ZHWODQG DQG DOO VL[
XUEDQ VLWHV �&� GXELD��

1DOHG ZDV QRW GHWHFWHG LQ DQ\ RI WKH VLWHV EXW LWV GHJUDGDWH�
GLFKORUYRV� ZDV REVHUYHG DW FRQFHQWUDWLRQV H[FHHGLQJ WKH
RUJDQLVP WKUHVKROG LQ ERWK ZHWODQG DQG IRXU RI WKH XUEDQ VLWHV�
7ULFKORUIRQ� DQRWKHU SUHFXUVRU RI GLFKORUYRV� ZDV QRWHG DW OHYHOV
H[FHHGLQJ WKUHVKROGV LQ RQH RI WKH ZHWODQG VLWHV�

&RQWLQXHG RQ QH[W SDJH�
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7DEOH �� �&RQWLQXHG�� 6XPPDU\ RI 6DPSOLQJ 5HVXOWV IURP 0RQLWRULQJ 0RVTXLWRFLGH $SSOLFDWLRQV

&KHPLFDO 7R[LFLW\ &RQFHQWUDWLRQV DQG 2WKHU 1RWHV

(WRIHQSUR[ 7KH ���KU SRVW�DSSOLFDWLRQ VDPSOH H[KLELWHG VLJQL¿FDQW
WR[LFLW\ �+� D]WHFD��

7KH FKHPLFDO¶V FRQFHQWUDWLRQ ZDV EHORZ WKH UHSRUWLQJ OLPLW�

3HUPHWKULQ 6L[ DJULFXOWXUDO� RQH ZHWODQG DQG ¿YH XUEDQ VLWHV ZHUH VDPSOHG�
7KUHH SHUPHWKULQ SRVW�DSSOLFDWLRQ VLWHV H[KLELWHG VLJQL¿FDQW
WR[LFLW\ �RQH DJULFXOWXUDO DQG WZR XUEDQ� �+� D]WHFD��

3HUPHWKULQ� ELIHQWKULQ DQG 3%2 FRQFHQWUDWLRQV ZHUH DOO EHORZ
WR[LFLW\ WKUHVKROGV LQ WKHVH VDPSOHV �+� D]WHFD� ZLWK WKH H[FHSWLRQ
RI RQH ELIHQWKULQ FRQFHQWUDWLRQ H[FHHGLQJ WKH WKUHVKROG LQ RQH
RI WKH XUEDQ VLWHV WKDW H[KLELWHG WR[LFLW\ ���� DQG ���KRXUV
SRVW�DSSOLFDWLRQ��

3\UHWKULQV 6L[ XUEDQ DQG VL[ ZHWODQG VLWHV ZHUH PRQLWRUHG� RI ZKLFK RQO\
RQH XUEDQ VLWH H[KLELWHG WR[LFLW\ �+� D]WHFD��

(YHQ WKRXJK WKH FRQFHQWUDWLRQ RI S\UHWKULQV DQG 3%2 ZHUH EHORZ
WKHLU WR[LFLW\ WKUHVKROGV� LW WXUQHG RXW WKDW WKH FRQFHQWUDWLRQV RI
3%2 ZHUH WKH KLJKHVW UHSRUWHG IRU WKH VDPSOHV WKDW H[KLELWHG
WR[LFLW\� 7KH DXWKRUV VSHFXODWHG WKDW WKH 3%2PD\ KDYH V\QHUJL]HG
WKH WR[LFLW\ RI RWKHU S\UHWKURLGV SUHVHQW LQ WKH VDPSOHV�

G�SKHQRWKULQ 1RQH RI WKH VL[ DJULFXOWXUDO� VL[ ZHWODQG DQG VL[ XUEDQ VLWHV
PRQLWRUHG H[KLELWHG VLJQL¿FDQW WR[LFLW\ SRVW�DSSOLFDWLRQ �+�
D]WHFD��

7KH FRQFHQWUDWLRQV RI G�SKHQRWKULQ DQG 3%2 ZHUH EHORZ WKHLU
WR[LFLW\ WKUHVKROGV�
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([DPSOH (FRORJLFDO 5LVN $VVHVVPHQW

,Q ����� ()(' LVVXHG DQ DQDO\VLV RI WKH HFRORJLFDO ULVN DVVHVVPHQW IRU
SHUPHWKULQ IRU WKH IROORZLQJ HQGDQJHUHG RU WKUHDWHQHG VSHFLHV LQ &DOLIRUQLD
����� &DOLIRUQLD UHG�OHJJHG IURJ �5DQD DXURUD GUD\WRQLL�� &DOLIRUQLD FODSSHU
UDLO �5DOOXV ORQJLURVWULV REVROHWXV�� 6DOW PDUVK KDUYHVW PRXVH �5HLWKURGRQWRP\V
UDYLYHQWULV�� 6DQ )UDQFLVFR JDUWHU VQDNH �7KDPQRSKLV VLUWDOLV WHWUDWDHQLD�� DQG
%D\ FKHFNHUVSRW EXWWHUÀ\ �(XSK\GU\DV HGLWKD ED\HQVLV�� 2QH RI WKH DVVHVVHG XVHV
RI SHUPHWKULQ ZDV IRU YHFWRU FRQWURO WKURXJK 8/9 DSSOLFDWLRQV� ,Q WKH DVVHVVPHQW�
DTXDWLF DQG WHUUHVWULDO VSHFLHV ZHUH HYDOXDWHG� $W WKH WLPH RI WKH UHYLHZ� VRPH
ODEHOV GLG QRW FRPSO\ ZLWK 35 1RWLFH ������ ����� DQG WKHUHIRUH� DQDO\VHV ZHUH
SHUIRUPHG XVLQJ ERWK SUH� DQG SRVW�35 1RWLFH ������ ODEHOV� 7DEOH � SURYLGHV
WKH XUEDQ DTXDWLF ((&V� &RPSDUHG WR D SHDN ZDWHU ((& RI ����� ȝJ�/ �SRVW�&)5
�������� WKH VLQJOH PRQLWRULQJ VWXG\ WKDW SURYLGHG ZDWHU FROXPQ FRQFHQWUDWLRQV RI
SHUPHWKULQ ���� SUHVHQWHG D PD[LPXP FRQFHQWUDWLRQ RI ���� ȝJ�/� 7KH HFRORJLFDO
ULVN DVVHVVPHQW GLG QRW SURYLGH VHGLPHQW FRQFHQWUDWLRQV IRU FRPSDULVRQ� KRZHYHU�
WKH\ FDQ EH HVWLPDWHG EDVHG XSRQ WKH YDOXH RI RUJDQLF�FDUERQ SDUWLWLRQ FRHI¿FLHQW
�.2&  ����� /�NJ�� $Q HVWLPDWHG FRQYHUVLRQ IDFWRU RI ���� IURP SRUH ZDWHU
FRQFHQWUDWLRQ WR VHGLPHQW FRQFHQWUDWLRQ LV FDOFXODWHG XVLQJ D VSUHDGVKHHW DQG
WKH FRQVWDQWV WKDW GH¿QH WKH (;$06 HFRORJLFDO SRQG� 7KH SHDN SRUH ZDWHU
FRQFHQWUDWLRQ ZDV ������ ȝJ�/� 7KH HVWLPDWHG SHDN VHGLPHQW FRQFHQWUDWLRQ LV
��� ȝJ�NJ� ZKLFK LV DERYH ��IROG KLJKHU WKDQ WKH PRQLWRUHG FRQFHQWUDWLRQ RI ����
ȝJ�NJ�

7DEOH �� :DWHU &ROXPQ ((&V �ȝJ�/� IRU 3HUPHWKULQ 8VHV LQ &DOLIRUQLD

6FHQDULR $SS 5DWH �OE D�L��$� 3HDN �ȝJ�/�

5HFUHDWLRQDO DUHDV �3UH�&)5 ������� �����[� �����

5HFUHDWLRQDO DUHDV �3RVW�&)5 ������� �����[� �����

,Q WKH SDVW� ()(' KDV EDVHG LWV DGXOWLFLGH HYDOXDWLRQV RQ H[LVWLQJ WXUI
3HVWLFLGH 5RRW =RQH 0RGHO �35=0� VFHQDULRV IRU PRGHOLQJ DTXDWLF H[SRVXUH
�H�J�� )/� 3$ RU &$ WXUI�� 7KHVH VFHQDULRV DUH XVHG DV VXUURJDWHV IRU DUHDV VXFK
DV� EXW QRW OLPLWHG WR SDUNV� FDPSVLWHV� ZRRGODQGV� DWKOHWLF ¿HOGV� JROI FRXUVHV�
JDUGHQ SOD\JURXQGV� DQG UHFUHDWLRQDO DUHDV� KRZHYHU� IRU XVHV LQ RWKHU XUEDQ VLWHV�
VXFK DV UHVLGHQWLDO� WKH FRPELQDWLRQ RI WKH UHVLGHQWLDO DQG LPSHUYLRXV VFHQDULR�
UXQ LQ WDQGHP PD\ EH XWLOL]HG LQ XSFRPLQJ DVVHVVPHQWV� ,W LV H[SHFWHG WKDW
WKH GHYHORSPHQW RI QHZ VFHQDULRV GHSLFWLQJ UHVLGHQWLDO VLWHV DQG�RU LPSHUYLRXV
VXUIDFHV PD\ EH IXUWKHU XVHG LQ WKH IXWXUH�

$VVHVVLQJ 3HVWLFLGH 5HOHDVHV WR 327:V

,Q WKH FRQWH[W RI HFRORJLFDO ULVN DVVHVVPHQW RI FRQYHQWLRQDO SHVWLFLGHV DW
86(3$� WKH LVVXH RI KRXVHKROG ZDVWHZDWHU UHOHDVHV RI SHVWLFLGHV ZDV ¿UVW UDLVHG
E\ SXEOLF VWDNHKROGHUV IURP &DOLIRUQLD GXULQJ WKH 5H�UHJLVWUDWLRQ (OLJLELOLW\
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'HFLVLRQ �5('� SURFHVV RI WKH S\UHWKURLG LQVHFWLFLGH SHUPHWKULQ ����� &RQFHUQV
ZHUH UDLVHG WKDW FORWKHV SUHWUHDWHG ZLWK SHUPHWKULQ PD\ FDXVH DGYHUVH ZDWHU
TXDOLW\ LPSDFWV GXH WR UHOHDVHV WR 327:V ZKHQ ZDVKHG DQG UHVXOW LQ VXEVHTXHQW
GLVFKDUJHV WR UHFHLYLQJ ZDWHUV E\ 327:V� ,W LV QRWHZRUWK\ WKDW SRWHQWLDO UHOHDVHV
RI DQWLPLFURELDO SHVWLFLGHV WR 327:V KDYH URXWLQHO\ EHHQ FRQVLGHUHG LQ 233
HQYLURQPHQWDO ULVN DVVHVVPHQWV GXH WR WKHLU ZLGHVSUHDG XVH LQ FRQVXPHU FDUH
SURGXFWV WKDW UHVXOW LQ VXEVWDQWLYH µGRZQ WKH GUDLQ¶ UHOHDVHV �H�J�� DQWLEDFWHULDO
LQJUHGLHQWV LQ KDQG VRDSV�� ,Q FRQWUDVW� WKLV LVVXH LV UHODWLYHO\ QHZ IRU FRQYHQWLRQDO
SHVWLFLGHV ZKHUH H[SRVXUH IURP RXWGRRU XVHV KDV WUDGLWLRQDOO\ EHHQ DVVXPHG WR
GRPLQDWH HQYLURQPHQWDO ULVN FRQFHUQV� 0RQLWRULQJ GDWD GHVFULEHG ODWHU LQ WKLV
VHFWLRQ LQGLFDWHV WKDW IRU VRPH SHVWLFLGHV� UHOHDVHV WR �DQG IURP� 327:V PD\
EH VLJQL¿FDQW WR WKH H[WHQW WKDW WKLV H[SRVXUH SDWKZD\ UHTXLUHV FRQVLGHUDWLRQ LQ
86(3$ HQYLURQPHQWDO ULVN DVVHVVPHQWV� 0RUH UHFHQWO\ DV SDUW RI 233¶V SHVWLFLGH
5HJLVWUDWLRQ 5HYLHZ SURFHVV� WKH DIRUHPHQWLRQHG FRQFHUQV ZHUH HFKRHG DQG
DGGLWLRQDO FRQFHUQV ZHUH LGHQWL¿HG UHJDUGLQJ WKH SRWHQWLDO IRU HQYLURQPHQWDO
H[SRVXUH WR SHVWLFLGHV UHVXOWLQJ IURP WKHLU VRUSWLRQ RQWR ELRVROLGV DQG VXEVHTXHQW
ELRVROLG DSSOLFDWLRQ WR ODQG �����

,Q WKLV VHFWLRQ� ZH VXPPDUL]H WKH FXUUHQWO\ DYDLODEOH LQIRUPDWLRQ UHJDUGLQJ
FRQYHQWLRQDO SHVWLFLGH UHOHDVHV WR 327:V LQ WKH 8�6� DQG DSSURDFKHV EHLQJ
FRQVLGHUHG IRU HYDOXDWLQJ WKHVH H[SRVXUH SDWKZD\V LQ 233¶V IRUWKFRPLQJ
HFRORJLFDO ULVN DVVHVVPHQWV� :H ¿UVW GLVFXVV VRXUFHV DQG SHVWLFLGH XVHV DVVRFLDWHG
ZLWK UHOHDVHV WR 327:V� )ROORZLQJ WKLV� ZH GHVFULEH DSSURDFKHV DQG GDWD WKDW DUH
EHLQJ XVHG WR PRGHO WKH IDWH RI WKHVH UHOHDVHV LQ 327:V� )LQDOO\� ZH VXPPDUL]H
DYDLODEOH PRQLWRULQJ GDWD ZKLFK KDYH EHHQ JHQHUDWHG VSHFL¿FDOO\ WR FKDUDFWHUL]H
SRWHQWLDO SHVWLFLGH H[SRVXUH WR DQG IURP 327:V�

3HVWLFLGH 6RXUFHV WR 327:V

,Q UHVSRQVH WR WKH FRQFHUQV UDLVHG E\ WKH SXEOLF UHJDUGLQJ WKH SRWHQWLDO UHOHDVH
RI FRQYHQWLRQDO SHVWLFLGHV WR 327:V� 233 UHYLHZHG LQGRRU XVHV RI FRQYHQWLRQDO
SHVWLFLGHV DQG LGHQWL¿HG WKRVH WKDW SUHVHQW D KLJK SRWHQWLDO IRU ³GRZQ WKH GUDLQ´
�'W'� UHOHDVHV �7DEOH ��� *HQHUDOO\� WKHVH LQFOXGH SHVWLFLGDO WUHDWPHQWV RI IDEULF�
FORWKLQJ DQG FDUSHWV� SHW VKDPSRRV� DQG GUDLQV ZLWK K\GURORJLF FRQQHFWLRQV WR
VHZHU V\VWHPV� 6HOHFWHG XVHV LQ JUHHQKRXVHV KDYH EHHQ HYDOXDWHG SUHYLRXVO\ LQ
WKH FRQWH[W RI SHVWLFLGH UHOHDVHV WR ERWK 327:V �DVVXPLQJ FRQQHFWLYLW\ZLWK VHZHU
V\VWHPV� DQG VXUIDFH ZDWHUV �DVVXPLQJ GLUHFW GLVFKDUJH WR ERGLHV RI ZDWHU�� 7KHVH
XVHV DUH WKHUHIRUH EHLQJ FRQVLGHUHG DV H[SRVXUH SDWKZD\V RI SRWHQWLDO FRQFHUQ LQ
FXUUHQW DQG IRUWKFRPLQJ HQYLURQPHQWDO ULVN DVVHVVPHQWV E\ 233�

$ QXPEHU RI LQGRRU SHVWLFLGH XVHV DUH FRQVLGHUHG WR KDYH ORZHU SRWHQWLDO
IRU VXEVWDQWLYH UHOHDVHV WR 327:V EDVHG RQ ODEHOHG XVHV� 7KHVH LQFOXGH ODEHOHG
DSSOLFDWLRQV RI LQGRRU IRJJHUV� EDLWV� FUDFN DQG FUHYLFH WUHDWPHQW� DQG EHG
DQG PDWWUHVV WUHDWPHQWV ZKHUH D K\GURORJLFDO FRQQHFWLRQ WR VHZHU V\VWHPV LV
FRQVLGHUHG KLJKO\ XQOLNHO\ RU DW PRVW� UDUH� &RQVLGHUDEOH GLVFXVVLRQ DURVH DURXQG
WKH XVH RI µVSRW RQ¶ WUHDWPHQWV IRU SHWV �H�J�� ÀHD DQG WLFN FRQWURO� DV ZHOO DV
LQVHFWLFLGH�LPSUHJQDWHG FROODUV� :LWK VSRW RQ WUHDWPHQWV� LW LV H[SHFWHG �DQG
DGYLVHG RQ VRPH SHVWLFLGH ODEHOV� WKDW VKDPSRRLQJ VRRQ DIWHU DSSOLFDWLRQ RI VSRW
RQ WUHDWPHQWV ZRXOG UHGXFH WKH HI¿FDF\ RI VXFK WUHDWPHQWV� DQG WKRVH ZRXOG QRW
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EH FRVW HIIHFWLYH DQG GLVFRXUDJHG� 5HJDUGLQJ SHW FROODUV� WKH SRWHQWLDO VXEVWDQWLYH
UHOHDVHV WR 327:V DUH FRQVLGHUHG ORZ EDVHG RQ WKHLU H[SHFWHG VORZ UHOHDVH UDWH
RI SHVWLFLGHV IURP WKH FROODUV�

7DEOH �� ,QGRRU 8VHV RI &RQYHQWLRQDO 3HVWLFLGHV DQG 7KHLU 3RWHQWLDO IRU
µ'RZQ WKH 'UDLQ¶ 5HOHDVH WR 327:V

8VHV :LWK +LJK 3RWHQWLDO IRU 6XEVWDQWLYH 5HOHDVH WR 327:V

� 3HW ORWLRQV RU VKDPSRRV �H�J�� WUHDWPHQW IRU ÀHDV DQG WLFNV�

� 3URGXFWV IRU WKH WUHDWPHQW RI VKRHV�FORWKLQJ�WH[WLOHV �H�J�� PLWLFLGHV� VDQLWL]HUV�
GHRGRUL]HUV�

� 3UH�WUHDWHG FORWKHV�WH[WLOHV� EHG VKHHWV� OLQHQV� HWF�

� 'UDLQ WUHDWPHQWV WKDW FRQYH\ ZDWHU WR VDQLWDU\ VHZHU V\VWHPV �URRW KHUELFLGHV�

� 6WRUP GUDLQ�VWRUP V\VWHP WUHDWPHQWV FRQQHFWHG WR VHZHU V\VWHPV �H�J�� URRW KHUELFLGHV
DQG ¿OWUDWLRQ PHGLD IRU VWRUP ZDWHU ¿OWUDWLRQ V\VWHPV�

� 6HZDJH V\VWHP WUHDWPHQWV �H�J�� ¿OWUDWLRQ PHGLD IRU PXQLFLSDO ZDVWHZDWHU ¿OWUDWLRQ�

� &DUSHW WUHDWPHQWV �H[FHSW PDWHULDOV SUHVHUYDWLYHV� UHPRYHG IURP FDUSHWV GXULQJ
VKDPSRRLQJ WKHQ VXEVHTXHQWO\ GLVSRVHG ZLWK ZDVK ZDWHU GRZQ�WKH�GUDLQ

� /LFH VKDPSRRV� VNLQ ORWLRQ WUHDWPHQWV �H�J�� IRU PLWHV��

� 6HOHFWHG JUHHQKRXVH XVHV ZLWK GUDLQV FRQQHFWHG WR VHZHU V\VWHPV

� 3RRO WUHDWPHQW�

8VHV :LWK /RZHU 3RWHQWLDO IRU 6XEVWDQWLYH 5HOHDVH WR 327:V

� 3HVWLFLGH�FRQWDLQLQJ SHW FROODUV DQG VSRW�RQ WUHDWPHQWV

� %HG DQG PDWWUHVV WUHDWPHQWV �H[FHSW SURGXFWV WR WUHDW EHG VKHHWV�

� 6WRUP ZDWHU V\VWHP WUHDWPHQWV QRW FRQQHFWHG WR VHZHU V\VWHPV

� &UDFN DQG FUHYLFH WUHDWPHQW

� ,QGRRU IRJJHUV

� ,QGRRU EDLWV
� $OWKRXJK WKLV LV FRQVLGHUHG D SKDUPDFHXWLFDO XVH� (3$ LQ DJUHHPHQW ZLWK )'$ LV
DVVHVVLQJ H[SRVXUH IURP GRZQ WKH GUDLQ UHOHDVHV� � (YHQ WKRXJK SRROV DUH W\SLFDOO\
FRQVLGHUHG RXWGRRU XVH SDWWHUQV� JHQHUDOO\ ORFDOLWLHV UHTXLUH GLVFKDUJLQJ WKHLU ZDWHU WR
VDQLWDU\ VHZHUV�

,W LV LPSRUWDQW WR QRWH WKDW WKH SHVWLFLGH XVHV LGHQWL¿HG LQ 7DEOH � GR QRW
UHSUHVHQW DOO SRWHQWLDO VRXUFHV RI SHVWLFLGH LQSXW WR 327:V� 5DWKHU� WKH\
UHSUHVHQW WKRVH XVHV WKDW DUH FXUUHQWO\ EHLQJ DVVHVVHG DV SDUW RI 'W' PRGHOLQJ LQ
233 HQYLURQPHQWDO ULVN DVVHVVPHQWV� )RU H[DPSOH� SHVWLFLGHV PD\ SRWHQWLDOO\
EH UHOHDVHG E\ LQGXVWULDO GLVFKDUJHV WR 327:V IURP SHVWLFLGH PDQXIDFWXUHUV�
+RZHYHU� VXFK UHOHDVHV DUH VXEMHFW WR UHJXODWLRQ XQGHU RWKHU HQYLURQPHQWDO
VWDWXWHV DQG UHJXODWRU\ SURJUDPV �H�J�� VWDWH DQG IHGHUDO SUHWUHDWPHQW SURJUDPV
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XQGHU WKH DXWKRULW\ RI WKH &OHDQ:DWHU $FW�� DQG QRW XQGHU ),)5$� ,W LV UHFRJQL]HG
WKDW FHUWDLQ RXWGRRU UHVLGHQWLDO XVHV RI SHVWLFLGHV PD\ FRQWULEXWH WR SHVWLFLGH
ORDGLQJV WR VWRUP ZDWHU V\VWHPV ZKLFK DUH FRQQHFWHG WR 327:V� 0RGHOLQJ
RI RXWGRRU UHVLGHQWLDO XVH RI SHVWLFLGHV LQ 233 HQYLURQPHQWDO DVVHVVPHQWV LV
SUHVHQWO\ IRFXVHG RQ GLUHFW ORDGLQJV WR VXUIDFH ZDWHU� ,QIRUPDWLRQ IURP WKH
RSHQ OLWHUDWXUH VXJJHVWV WKDW VRPH 327:V PD\ H[SHULHQFH JUHDWHU ÀRZ GXULQJ
ZHW ZHDWKHU HYHQWV HYHQ ZKHQ GLUHFW FRQQHFWLRQV WR VWRUP ZDWHU LQSXWV DUH QRW
DSSDUHQW ����� 3UHVXPDEO\� VXFK LQSXWV UHSUHVHQW JURXQGZDWHU LQWUXVLRQ DQG�RU
IXJLWLYH LQSXWV IURP VWRUP ZDWHU UXQRII� )RU WKHVH DQG RWKHU VRXUFHV RI SHVWLFLGHV
WR 327:V XQDFFRXQWHG IRU LQ 7DEOH �� 233 LV UHO\LQJ RQ WDUJHWHG PRQLWRULQJ GDWD
WR DVFHUWDLQ LQSXWV WR DQG GLVFKDUJHV IURP 327:V�

0RGHOLQJ $SSURDFK IRU 327: $VVHVVPHQW

,Q RUGHU WR DGGUHVV WKH LVVXH RI UHOHDVHV WR GRPHVWLF ZDVWHZDWHU� 233 KDV
UHOLHG RQ WKH FRQVXPHU H[SRVXUH PRGHO� ([SRVXUH DQG )DWH $VVHVVPHQW 6FUHHQLQJ
7RRO �(�)$67� Y����� WKDW ZDV GHYHORSHG IRU DVVHVVLQJ LQGXVWULDO FKHPLFDOV LQ
(3$¶V 2I¿FH RI 3ROOXWLRQ 3UHYHQWLRQ DQG 7R[LFV ����� 7KH µ'RZQ�WKH�'UDLQ¶
PRGXOH �'W'� RI (�)$67 Y���� LV VSHFL¿FDOO\ GHVLJQHG WR DGGUHVV VRXUFHV RI D
FKHPLFDO WKDW FRXOG SRWHQWLDOO\ EH GLVSRVHG LQWR GRPHVWLF ZDVWHZDWHU IURP D 'W'
DSSOLFDWLRQ� 7KH 'W' PRGXOH FDQ EH XVHG WR UHSUHVHQW UHVLGHQWLDO� GRPHVWLF DQG
FHUWDLQ FRPPHUFLDO IDFLOLWLHV �H�J�� VXSHUPDUNHWV� VWRUDJH IDFLOLWLHV DQG ZDUHKRXVH
XVHV OLNHO\ WR HQG XS LQ GUDLQV�� 7KLV PRGHO SURYLGHV VFUHHQLQJ�OHYHO HVWLPDWHV RI
FKHPLFDO UHVLGXHV LQ VXUIDFH ZDWHU WKDW PD\ UHVXOW IURP KRXVHKROG XVHV DQG WKH
GLVSRVDO RI FRQVXPHU SURGXFWV LQWR ZDVWHZDWHU�

&RQFHSWXDOO\� WKH (�)$67¶V 'W' PRGXOH DVVXPHV WKDW LQ D JLYHQ \HDU WKH
HQWLUH SURGXFWLRQ YROXPH RI D FKHPLFDO �L�H�� WKH DPRXQW RI SHVWLFLGH� LV SDUFHOHG
RXW RQ D GDLO\ EDVLV WR WKH HQWLUH 8�6� SRSXODWLRQ DQG FRQYHUWHG WR D PDVV UHOHDVH
SHU FDSLWD� DQG VXEVHTXHQWO\� D GDLO\ SHU FDSLWD UHOHDVH WR D ZDVWHZDWHU WUHDWPHQW
IDFLOLW\ �L�H�� J�SHUVRQ�GD\�� 7KLV PDVV LV WKHQ GLOXWHG LQWR WKH DYHUDJH GDLO\
YROXPH RI ZDVWHZDWHU UHOHDVHG SHU SHUVRQ WR DUULYH DW DQ HVWLPDWHG FRQFHQWUDWLRQ
RI WKH FKHPLFDO LQ ZDVWHZDWHU SULRU WR HQWHULQJ D WUHDWPHQW IDFLOLW\� 7KH XQGHUO\LQJ
HTXDWLRQV XVHG E\ WKH 'W' PRGXOH DUH VKRZQ EHORZ� 7KH GDLO\ SHU FDSLWD UHOHDVH
LV GH¿QHG DV IROORZV�

ZKHUH�

L� +5 LV WKH GDLO\ SHU FDSLWD UHOHDVH RI WKH FKHPLFDO �J�SHUVRQ�GD\��
LL� 39 LV WKH SURGXFWLRQ YROXPH RI WKH FKHPLFDO EHLQJ HYDOXDWHG WKDW

LV SURGXFHG DQQXDOO\ LQ WKH 86$ WKDW LV GLVFKDUJHG LQWR GRPHVWLF
ZDVWHZDWHUV �NJ�\HDU�� DQG

LLL� 3RS LV WKH ���� 8�6� UHVLGHQW SRSXODWLRQ ������[��� SHUVRQV� �8�6�
%XUHDX RI WKH &HQVXV� �����������
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7KH FKHPLFDO¶V FRQFHQWUDWLRQ LQ XQWUHDWHG ZDVWHZDWHU LV WKHQ UHGXFHG E\ WKH
IUDFWLRQ UHPRYHG GXULQJ ZDVWHZDWHU WUHDWPHQW SURFHVVHV� 7KH UHPDLQLQJ FKHPLFDO
LV GLVFKDUJHG LQWR VXUIDFH ZDWHU �H�J�� D ULYHU RU VWUHDP�� ZKHUH LW LV DVVXPHG
WKDW LW LV LQVWDQWDQHRXVO\ GLOXWHG� ZLWK QR IXUWKHU UHPRYDO� 7KH VXUIDFH ZDWHU
FRQFHQWUDWLRQ LV FDOFXODWHG XVLQJ WKH IROORZLQJ JHQHUDO HTXDWLRQ�

ZKHUH�

L� 6:& LV WKH VXUIDFH ZDWHU FRQFHQWUDWLRQ ��J�/��
LL� 4+ LV WKH KRXVHKROG ZDVWHZDWHU YROXPH UHOHDVHG GDLO\ �LW LV HVWLPDWHG WR

EH ��� / SHU SHUVRQ SHU GD\�� LW LQFOXGHV RQO\ GRPHVWLF DQG UHVLGHQWLDO
327:V�

LLL� ::7 LV WKH ZDVWHZDWHU WUHDWPHQW UHPRYDO �SHUFHQW UHPRYHG SULRU WR
GLVFKDUJLQJ LQWR D ERG\ RI ZDWHU� ��� DQG

LY� 6') LV WKH VWUHDP GLOXWLRQ IDFWRU�

7KH 6WUHDP 'LOXWLRQ )DFWRU �6')� LV WKH YROXPH RI WKH UHFHLYLQJ VWUHDP ÀRZ
GLYLGHG E\ WKH YROXPH RI WKH ZDVWHZDWHU UHOHDVHG IURP WKH 327: RU HIÀXHQW ÀRZ
�6')  6)�()�� 7KHUH DUH IRXU W\SHV RI VWUHDP ÀRZV WKDW WKH GHYHORSHUV RI WKH
PRGHO KDYH GHHPHG DGHTXDWH IRU WKH SURWHFWLRQ RI DTXDWLF OLIH DQG KXPDQ KHDOWK
�DFXWH DQG FKURQLF�� $GGLWLRQDOO\� ÀRZV KDYH EHHQ FKDUDFWHUL]HG WR UHSUHVHQW PLG�
VL]HG UHFHLYLQJ ERGLHV RI ZDWHU DQG VPDOOHU VWUHDPV� ,W VKRXOG EH QRWHG WKDW WKH'W'
PRGXOH RI (�)$67 LV D VFUHHQLQJ�OHYHO PRGHO DQG WKH UHVXOWV VKRXOG EH WUHDWHG DV
VXFK� ,W GRHV QRW WDNH LQWR DFFRXQW SURFHVVHV VXFK DV GHJUDGDWLRQ SULRU WR WUHDWPHQW
DW WKH IDFLOLW\� RU SDUWLWLRQLQJ �L�H�� VRUSWLRQ E\ VHGLPHQW RU SDUWLFXODWH PDWWHU��

0RGHO ,QSXWV

7KHUH DUH WZR PDLQ LQSXW YDOXHV LQ WKH (�)$67¶V 'W'PRGXOH� WKH SURGXFWLRQ
YROXPH �39�� DQG WKH SHUFHQW UHPRYDO IURP ZDVWHZDWHU WUHDWPHQW �::7�� �7KH
%&) LV DQ LQSXW SDUDPHWHU� ZKLFK WKH PRGHO XVHV IRU FDOFXODWLRQV WKDW DUH QRW
UHOHYDQW WR ()('¶V SXUSRVH WR FDOFXODWH DTXDWLF ((&V�� 7KH 39 FDQ EH REWDLQHG
IURP WKH UHJLVWUDQW�V� VRXUFHV RU FDQ EH VXSSOLHG E\ WKH %LRORJLFDO DQG (FRQRPLF
$QDO\VLV 'LYLVLRQ �%($'�� 0RGHO UHVXOWV DUH VHQVLWLYH WR WKH ::7� ZKLFK LQ
WXUQ LV GHSHQGHQW RQ WKH SK\VLFRFKHPLFDO SURSHUWLHV RI WKH DFWLYH LQJUHGLHQW RI
FRQFHUQ DQG WKH H[WHQW RI ZDVWHZDWHU WUHDWPHQW �H�J�� SULPDU\� VHFRQGDU\� WHUWLDU\�
RU XOWUD¿OWUDWLRQ�� $Q HVWLPDWH RI ::7 LV DYDLODEOH IURP WKH 6HZDJH 7UHDWPHQW
3ODQW )XJDFLW\ 0RGHO �673:,1�� RI (3, 6XLWH Y����� ����� 7KLV PRGHO
SURYLGHV HVWLPDWHV RI WKH IDWH RI RUJDQLF FKHPLFDOV LQ FRQYHQWLRQDO ZDVWHZDWHU
WUHDWPHQW SODQW WKDW XVHV DFWLYDWHG VOXGJH VHFRQGDU\ WUHDWPHQW� $FFRUGLQJ WR WKH
673:,1� +HOS PDQXDO� (3, 6XLWH¶V 673 SURJUDP ZDV FRQVHUYDWLYH SUHGLFWLQJ
UHPRYDO SHUFHQW �::7� ��� RI WKH WLPH XVLQJ LWV GHIDXOW KDOI�OLYHV RI ������
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KRXUV IRU �� RI �� FKHPLFDOV HYDOXDWHG� IRU SULPDU\ FODUL¿HU� DHUDWLRQ YHVVHO DQG
VHWWOLQJ WDQN� KRZHYHU� WKH HYDOXDWLRQ ZDV EDVHG RQ D VHW FKHPLFDOV ZKLFK DUH
QRW SHVWLFLGHV� $ PRUH VXLWDEOH DQG UHOLDEOH DOWHUQDWLYH� LV GDWD GHULYHG IURP D
EHQFK VFDOH VWXG\ �GHVFULEHG IXUWKHU EHORZ� WKDW PD\ EH UHTXLUHG HLWKHU GXULQJ
WKH UHJLVWUDWLRQ SURFHVV RI WKH FKHPLFDO RU GXULQJ UHJLVWUDWLRQ UHYLHZ� WR IXUWKHU
UH¿QH WKLV LQSXW SDUDPHWHU� )LQDOO\� IRU D IHZ FKHPLFDOV� ::7 FDQ EH REWDLQHG
IURP DFWXDO PRQLWRULQJ VWXGLHV RI LQÀXHQW DQG HIÀXHQW IURP 327:V� 7KLV KDV
EHHQ XVHG LQ WKH SDVW WR UH¿QH HVWLPDWHV RI SHUPHWKULQ�

7DEOH �� SURYLGHV D VXPPDU\ RI UHPRYDOV E\ YDULRXV PHFKDQLVPV IRU HLJKW
S\UHWKURLG LQVHFWLFLGHV SUHGLFWHG E\ 673:,1�� $V VKRZQ LQ WKH WDEOH� WKH
PRGXOH SUHGLFWV WKDW IRU WKHVH FKHPLFDOV� WKH PDLQ UHPRYDO PHFKDQLVP LV VOXGJH
DGVRUSWLRQ� 7KH WRWDO ELRGHJUDGDWLRQ LV ORZ ZKLOH WKH UHOHDVH WR DLU LV PLQLPDO�

0RGHO 2XWSXWV

,Q WKH SDVW� ()(' KDV FRQGXFWHG SUHOLPLQDU\ 'W' VFUHHQV RI D SHVWLFLGH WR
GHWHUPLQH WKH QHHG IRU D EHQFK VFDOH 327: WUHDWDELOLW\ VWXG\� ,Q VRPH FDVHV
WKH PRGHOLQJ UHVXOWV LQGLFDWHG WKDW WKH VWXG\ LV QRW QHHGHG �H�J�� S\UHWKULQV�
VSLQRVDG�� 7KH PRGHOLQJ LV SRVVLEOH LI WKH SURGXFWLRQ YROXPH RU LWV HVWLPDWH� LV
DYDLODEOH WR WKH DVVHVVRU� 7KH DVVHVVRU PRGHOV WKH FKHPLFDO ZLWK WKH DLG RI WKH
(3, 6XLWH Y����� PRGHO DQG JHWV DQ HVWLPDWH RI WKH OHYHO RI UHPRYDO �L�H�� ::7�
IURP WKH PRGXOH µ6HZDJH 7UHDWPHQW 3ODQW )XJDFLW\ 0RGHO �673�¶ XVLQJ WKH
GHIDXOW KDOI�OLYHV RI ������ KRXUV �a��� G� LQ WKH SULPDU\ WDQN� WKH DHUDWLRQ WDQN�
DQG WKH VHWWOLQJ WDQN� 7KLV PD\ EH FRQVLGHUHG D FRQVHUYDWLYH YDOXH �DOWHUQDWLYHO\
(3, 6XLWH SURYLGHV WKH VHFRQG RSWLRQ WR HQWHU KDOI�OLYHV GHULYHG IURP PRQLWRULQJ
H[SHULPHQWV� RU WKH WKLUG RSWLRQ WR XVH PRGHO�HVWLPDWHG KDOI�OLYHV IRU WKH DERYH
PHQWLRQHG SURFHVVHV�� 6XLWDEOH ÀRZV DQG WKH ��WK SHUFHQWLOH FRQFHQWUDWLRQV DUH
XVHG WR GHULYH 54V� 7KH 54V GHULYHG IURP WKLV SURFHVV DUH FRPSDUHG DJDLQVW
WKH /2&V� ,I WKH\ DUH ZHOO EHORZ WKH /2&V� LW PD\ EH GHWHUPLQHG ZKHWKHU D
WUHDWDELOLW\ VWXG\ LV UHTXLUHG XVLQJ EHVW SURIHVVLRQDO MXGJPHQW DQG FRQVLGHULQJ
WKH FRQVHUYDWLYHQHVV RI WKH SUHOLPLQDU\ ULVN DVVHVVPHQW�

7KH PRVW UHFHQW DVVHVVPHQW IRU ZKLFK WKH (�)$67¶V 'W' PRGXOH ZDV XVHG
ZDV DQ HFRORJLFDO ULVN DVVHVVPHQW IRU GHOWDPHWKULQ� 8VHV DVVHVVHG LQFOXGHG
VHZDJH V\VWHPV WUHDWPHQWV ����� ,W ZDV DVVXPHG WKDW WKH XSSHU ERXQG YDOXH
RI WKH SURGXFWLRQ YROXPH LV �� NJ D�L��\HDU� $IWHU UXQQLQJ WKH FKHPLFDO XVLQJ
WKH 'W' PRGXOH� WKH DFXWH FRQFHQWUDWLRQ ZDV IRXQG WR EH �������� SSE DQG
WKH FKURQLF FRQFHQWUDWLRQ ZDV �������� SSE �WKH VDPH YDOXH�� )RU IUHVKZDWHU
DQG HVWXDULQH�PDULQH ¿VK DQG YDVFXODU DQG QRQ�YDVFXODU SODQWV WKHUH ZHUH QR
H[FHHGDQFHV RI /2&V� $ VXPPDU\ RI WKH ¿QGLQJV RQ LQYHUWHEUDWHV LV VKRZQ LQ
7DEOH ���
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7DEOH ��� 5HPRYDO 3HUFHQW RI (LJKW 3\UHWKURLGV LQ :DVWHZDWHU 7UHDWPHQW 3ODQWV 2EWDLQHG IURP (3,68,7( Y����� DQG ,WV 673:,1
0RGXOH�

3URFHVV %LIHQW� )HQSURS� &\KDORW� 3HUPHW� &\ÀXW� &\SHUPHW (VIHQYDO� 'HOWDPHW�

6OXGJH $GVRUSWLRQ ���� ���� ���� ���� ���� ���� ���� ����

7RWDO %LRGHJUDGDWLRQ ���� ���� ���� ���� ���� ���� ���� ����

7RWDO WR $LU ���� ���� ���� ���� ���� ���� ���� ����

7RWDO 5HPRYDO ���� ���� ���� ���� ���� ���� ���� ����
� $OO UHVXOWV ZHUH URXQGHG WR WZR GHFLPDO SODFHV RU WKUHH VLJQL¿FDQW ¿JXUHV�
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7DEOH ��� 6XPPDU\ RI $FXWH DQG &KURQLF 54V IRU $TXDWLF )UHVKZDWHU DQG
(VWXDULQH�0DULQH ,QYHUWHEUDWHV ([SRVHG WR 'HOWDPHWKULQ

8VH $SS 5DWH
3HDN
((&
��J�/�

���GD\
((&
��J�/�

$FXWH
54

&KURQLF
54

)UHVKZDWHU ,QYHUWHEUDWHV� �� NJ�\U �������� �������� ����� !�����

(VWXDULQH�0DULQH
,QYHUWHEUDWHV� �� NJ�\U �������� �������� ����� ����

� 54V WKDW H[FHHG WKH (3$¶V OHYHOV RI FRQFHUQ� � $FXWH 54  XVH�VSHFL¿F SHDN ((&������
SSE >IRU WKH DPSKLSRG*� IRVVDUXP@� &KURQLF 54  XVH�VSHFL¿F ���GD\ ((&����G 12$(&
RI ����[���� XJ D�L��/ >IRU WKH DPSKLSRG� +� D]WHFD@� &KURQLF 54 YDOXHV DUH H[SUHVVHG DV
³!´ YDOXHV EHFDXVH WKH 12$(& LV QRQ�GH¿QLWLYH �³�´� � $FXWH 54  XVH�VSHFL¿F SHDN
((&������� SSE >IRU P\VLG VKULPS� $PHULFDP\VLV EDKLD@� &KURQLF 54  XVH�VSHFL¿F ���
GD\ ((&�������� SSE >IURP GDWD IRU $� EDKLD@�

5H¿QHPHQW RI (�)$67 �%HQFK 6FDOH 6WXG\�

%DVHG RQ H[SHULHQFH ZLWK 'W' PRGHOLQJ ZLWK S\UHWKURLGV� 233 UHTXHVWHG
DGGLWLRQDO GDWD IURP UHJLVWUDQWV WR LPSURYH PRGHOLQJ RI WKH IDWH DQG UHPRYDO
HI¿FLHQF\ RI S\UHWKURLGV LQ 327:V� ,Q UHVSRQVH� UHJLVWUDQWV FRQGXFWHG D EHQFK
VFDOH VWXG\ VLPXODWLQJ IRXU SURFHVVHV WKDW RFFXU LQ 327:V� SULPDU\ VHWWOLQJ�
DHURELF ELRORJLFDO WUHDWPHQW� DQDHURELF GLJHVWLRQ� DQG XOWUD�¿OWUDWLRQ �&OHDU\
DQG 0F*UDWK� 05,' �������� ������ 3\UHWKURLGV VWXGLHG LQ WKHVH SURFHVVHV
LQFOXGHG� SHUPHWKULQ� GHOWDPHWKULQ� ELIHQWKULQ� F\ÀXWKULQ� ODPEGD�F\KDORWKULQ�
F\SHUPHWKULQ� HVIHQYDOHUDWH� DQG IHQSURSDWKULQ� $OWKRXJK LQ WUHDWPHQW SODQWV�
WKH\ RFFXU VLPXOWDQHRXVO\� WKHVH SURFHVVHV ZHUH HYDOXDWHG VHSDUDWHO\ IURP HDFK
RWKHU �L�H�� WKH\ ZHUH WUHDWHG DV PRGXOHV�� )LUVW� SULPDU\ VHWWOLQJ� DQDHURELF
GLJHVWLRQ� DQG XOWUD¿OWUDWLRQ ZHUH PHDVXUHG LQ EDWFK PRGH �L�H�� D VHW DPRXQW RI
VDPSOH ZDV VXEPLWWHG WR WKH SURFHVV DQG HYDOXDWHG DIWHU D SHULRG RI WLPH� H�J�� WZR
KRXUV IRU SULPDU\ VHWWOLQJ� XS WR �� GD\V IRU DQDHURELF GLJHVWLRQ�� 0HDQZKLOH� WKH
DHURELF ELRORJLFDO WUHDWPHQW ZDV HYDOXDWHG LQ D FRQWLQXRXV SURFHVV �L�H�� SURFHVV
ZDV FRQWLQXRXVO\ FLUFXODWHG DQG VDPSOH ZDV HYDOXDWHG WKURXJKRXW WKH SURFHGXUH
IRU �� GD\V� ZLWK D WDUJHW VROLGV UHWHQWLRQ WLPH �657� RI �� GD\V�� 7DEOH ��
SURYLGHV D UHVXOWV V\QRSVLV RI WKH VWXG\� 1RWH WKDW WKH HVWLPDWHG UHPRYDOV DUH IRU
VSHFL¿F PRGXOHV DQG QRW RYHUDOO UHPRYDOV� 7KH SHUFHQWDJHV DUH QRW DGGLWLYH�

:DVWHZDWHU IURP D WUHDWPHQW SODQW LQ 5LGJHZRRG� 1HZ -HUVH\� ZDV VSLNHG
ZLWK NQRZQ OHYHOV RI WKH HLJKW S\UHWKURLGV� ZHOO DERYH EDFNJURXQG OHYHOV �� �J�
/ RI HDFK S\UHWKURLG� ZLWK WKH H[FHSWLRQ RI SHUPHWKULQ DW �� �J�/�� LQ RUGHU WR
FKDUDFWHUL]H HDFK SURFHVV� 7KLV VWXG\ ZDV QRW FRQGXFWHG LQ FRPSOLDQFH ZLWK *RRG
/DERUDWRU\ 3UDFWLFH 6WDQGDUGV VHW IRUWK LQ 7LWOH ��� 3DUW ��� RI WKH &RGH RI )HGHUDO
5HJXODWLRQV�
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7DEOH ��� 5HVXOWV 6\QRSVLV� 5HPRYDO 3HUFHQW RI (LJKW 3\UHWKURLGV LQ &HUWDLQ 7UHDWPHQW 3URFHVVHV 6LPXODWHG LQ D %HQFK 6FDOH
:DVWHZDWHU 7UHDWDELOLW\ 6WXG\�

3URFHVV %LIHQW� )HQSURS� O�&\KDO� 3HUPHW� &\ÀXW� &\SHUPH� (VIHQYDO� 'HOWDPHW�

3ULPDU\ 6HWWOLQJ /5� /5� /5� /5� /5� /5� /5� /5�

$HURELF &KDPEHU ���� ���� ���� ���� ���� ���� ���� ����

$QDHURELF 'LJHVWLRQ ���� ���� ���� ���� ���� ���� ���� ����

8OWUD¿OWUDWLRQ ���� ���� ���� ���� ���� ���� ���� ����
� 7KH SHUFHQW VKRZQ LV IRU HDFK RI WKH LQGLYLGXDO PRGXOHV �UHIHU WR WH[W�� � /5 PHDQV OLPLWHG UHPRYDO ZDV DFKLHYHG LQ WKLV SURFHVV�
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3ULPDU\ 6HWWOLQJ

7KH SULPDU\ VHWWOLQJ H[SHULPHQW ZDV FRQGXFWHG LQ EDWFK PRGH� ,Q SULPDU\
VHWWOLQJ� LQFRPLQJ ZDVWHZDWHU �SULPDU\ LQÀXHQW�� ZDV NHSW LQ D TXLHVFHQW VWDWH IRU
D VSHFL¿F SHULRG RI WLPH �LQ WKLV VWXG\ LW ZDV � KRXUV�� WR DOORZ KHDY\ SDUWLFOHV
WR VHWWOH� 7KH UHVXOW RI WKH SURFHVV ZDV SULPDU\ HIÀXHQW �WKH VXSHUQDWDQW� DQG
SULPDU\ VOXGJH� 3\UHWKURLGV ZHUH PHDVXUHG LQ WKH SULPDU\ LQÀXHQW ZDVWHZDWHU
DQG LQ WKH SULPDU\ HIÀXHQW DQG VOXGJH� 7KH SULPDU\ HIÀXHQW KDG FRQFHQWUDWLRQV
RI S\UHWKURLGV WKDW ZHUH YHU\ VLPLODU WR WKH FRQFHQWUDWLRQV LQ WKH SULPDU\ LQÀXHQW�
3ULPDU\ VHWWOLQJ GLG QRW DSSHDU WR EH HIIHFWLYH WR UHPRYH VXEVWDQWLDO DPRXQWV RI
S\UHWKURLGV IURP WKH SULPDU\ LQÀXHQW�

$HURELF %LRORJLFDO 7UHDWPHQW

7KH SULPDU\ HIÀXHQW ZDV DGGHG WR WKH DHURELF ELRORJLFDO WUHDWPHQW V\VWHP
WR UHGXFH LWV RUJDQLF FRQWHQW� 7KH DHURELF V\VWHP ZDV NHSW DW FD� ���& DQG
LW FRQVLVWHG RI WZR VXEPRGXOHV� WKH DHUDWLRQ V\VWHP LQ ZKLFK GLVVROYHG R[\JHQ
SURPRWHV DHURELF ELRORJLFDO GHJUDGDWLRQ� DQG VHFRQGDU\ VHWWOLQJ� 7KLV SDUW RI WKH
H[SHULPHQW ZDV UXQ IRU �� GD\V� ZKHUH VHFRQGDU\ VOXGJH DQG SULPDU\ HIÀXHQW
ZHUH IHG WR WKH DHURELF FKDPEHU� LQ D FRQWLQXRXV ÀRZ V\VWHP� 7KH WDUJHW 657 ZDV
�� GD\V� ZKLFK ZDV UHSRUWHG WR UHSUHVHQW D OLNHO\ EHVW FDVH VFHQDULR� 3\UHWKURLGV
ZHUH UHPRYHG PRGHUDWHO\ IURP WKH VHFRQGDU\ LQÀXHQW �RU SULPDU\ HIÀXHQW IURP
WKH SULPDU\ VHWWOLQJ PRGXOH�� LQ WKH DHURELF FKDPEHU� 5HPRYDOV UDQJHG IURP ��
WR �� SHUFHQW� IRU ELIHQWKULQ DQG SHUPHWKULQ� UHVSHFWLYHO\�

$QDHURELF 'LJHVWLRQ

$ VSHFL¿F DPRXQW RI SULPDU\ VOXGJH �L�H�� VOXGJH IURP SULPDU\ VHWWOLQJ� ZDV
VXEPLWWHG WR GLJHVWLRQ DQG UXQ LQ EDWFK PRGH IRU �� GD\V DW FD� ���& XQGHU
DQDHURELF FRQGLWLRQV� 3\UHWKURLGV ZHUH DOVR UHPRYHG PRGHUDWHO\ IURP SULPDU\
VOXGJH XQGHU WKHVH WHVWLQJ FRQGLWLRQV LQ WKH DQDHURELF FKDPEHU� $PRQJ HLJKW
S\UHWKURLGV WHVWHG� UHPRYDOV UDQJHG IURP �� WR �� SHUFHQW� IRU ELIHQWKULQ DQG
F\ÀXWKULQ� UHVSHFWLYHO\� DWWULEXWHG WR DQDHURELF ELRORJLFDO GLJHVWLRQ�

8OWUD¿OWUDWLRQ

,Q XOWUD¿OWUDWLRQ� WKH VXSHUQDWDQWV IURP WKH VHFRQGDU\ VHWWOLQJ ZHUH ¿OWHUHG
DQG UHPDLQLQJ VROLGV ZHUH UHPRYHG� UHGXFLQJ IXUWKHU WKH VXVSHQGHG SDUWLFOHV�
DQG WKXV WKH RUJDQLF PDWWHU DVVRFLDWHG ZLWK WKRVH SDUWLFOHV� DQG LWV DVVRFLDWHG
S\UHWKURLGV� 7KLV SURFHVV ZDV UXQ LQ EDWFK PRGH� XVLQJ DQ DSSDUDWXV DQG PHWKRG
VLPLODU WR WKH RQH XVHG WR PHDVXUH WRWDO VXVSHQGHG VROLGV� 5HPRYDO UHSUHVHQWV WKH
DPRXQW UHPDLQLQJ LQ WKH HIÀXHQW PLQXV WKH DPRXQW DSSOLHG RI HDFK S\UHWKURLG LQ
WKH LQÀXHQW� 8OWUD¿OWUDWLRQ DSSHDUHG WR EH WKH SURFHVV WKDW UHPRYHG WKH KLJKHVW
SHUFHQWDJH RI S\UHWKURLGV IURP WKH VHFRQGDU\ HIÀXHQW� ZLWK RYHU �� SHUFHQW RI
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S\UHWKURLG UHPRYHG IURP WKH ¿QDO HIÀXHQW� ,W LV QRWHG� KRZHYHU� WKDW XOWUD¿OWUDWLRQ
LV QRW D SURFHVV HPSOR\HG E\ DOO ::73V QDWLRQZLGH� 5HVXOWV SUHVHQWHG LQ 7DEOH
�� DUH WKH PHDQV RI WZR YDOXHV� XVLQJ D ��� �P ¿OWHU�

8WLOLW\ RI WKH %HQFK 6FDOH 6WXG\

7KH EHQFK VFDOH WUHDWDELOLW\ VWXG\ LV XVHIXO LQ XQGHUVWDQGLQJ WKH UHODWLYH
FRQWULEXWLRQV RI WKH GLIIHUHQW SURFHVVHV WKDW RFFXU DW D WUHDWPHQW IDFLOLW\� 5HPRYDO
SURFHVVHV LQFOXGH SULPDU\ VHWWOLQJ� ZKLFK VKRZV YHU\ OLPLWHG UHPRYDO� DQG
DHURELF DQG DQDHURELF GLJHVWLRQ� ZKLFK VKRZ PRGHUDWH OHYHOV RI UHPRYDO� 2QO\
XOWUD¿OWUDWLRQ DSSHDUHG WR UHPRYH RYHU ��� RI WKH PDWHULDO LQ WKH EHQFK VFDOH
VWXG\� 5HVXOWV IURP PRGHOLQJ �XVLQJ (3,68,7( JLYLQJ WRWDO UHPRYDO� DQG
PRQLWRULQJ GDWD �DV GLVFXVVHG EHORZ� LQGLFDWH OHYHOV RI UHPRYDO RI DERYH ����
+RZHYHU� GLUHFW FRPSDULVRQ RI WKH EHQFK VFDOH VWXG\ UHVXOWV WR PRGHOLQJ DQG
PRQLWRULQJ GDWD LV FRQIRXQGHG E\ WKH IDFW WKDW WKH EHQFK VFDOH VWXG\ GHVLJQ GRHV
QRW HQDEOH GHWHUPLQDWLRQ RI DQ RYHUDOO UHPRYDO HI¿FLHQF\ EDVHG RQ WKH VXP RI
WKH VLPXODWHG WUHDWPHQW SURFHVVHV� 7KHUHIRUH� WKH XWLOLW\ RI WKH EHQFK VFDOH VWXG\
PRVWO\ UHODWHV WR KRZ VHSDUDWH SURFHVVHV DIIHFW S\UHWKURLG UHPRYDO DQG QRW IRU DQ
HVWLPDWH RI WKH RYHUDOO UHPRYDO HI¿FLHQF\ RI S\UHWKURLGV IURP 327:V�

327: 0RQLWRULQJ 'DWD

7KH DYDLODEOH LQIRUPDWLRQ RQ WKH RFFXUUHQFH RI SHVWLFLGHV LQ 8�6� 327:
LQÀXHQW� HIÀXHQW DQG ELRVROLGV ZDV UHYLHZHG DQG LV VXPPDUL]HG KHUH ZLWK D IRFXV
RQ WKH IROORZLQJ TXHVWLRQV�

�� :KLFK SHVWLFLGHV DUH PRVW FRPPRQO\ GHWHFWHG LQ 327:V DQG KRZ GRHV
WKLV UHODWH WR WKHLU LQWHQGHG XVHV"

�� :KDW LV WKH UHPRYDO HI¿FLHQF\ RI SHVWLFLGHV E\ ZDVWHZDWHU WUHDWPHQW
SURFHVVHV DQG KRZ GRHV WKLV FRPSDUH WR HVWLPDWHV EDVHG RQ PRGHOLQJ
DQG EHQFK VFDOH WUHDWDELOLW\ VWXGLHV"

$OWKRXJK D QXPEHU RI FRXQWU\�ZLGH VXUYH\V RI SHVWLFLGHV DQG RWKHU
PLFURSROOXWDQWV LQ 327: ZDVWHZDWHU KDYH EHHQ FRQGXFWHG LQ (XURSH �H�J�� /RRV
HW DO� ����� /XR HW DO� ������ DQ DQDORJRXV 8�6� ZLGH VXUYH\ ZDV QRW LGHQWL¿HG
LQ WKLV UHYLHZ� ,QVWHDG� VHYHUDO VWDWH�ZLGH DQG 327:�VSHFL¿F VXUYH\V ZHUH
LGHQWL¿HG DQG DUH VXPPDUL]HG EHORZ�

3HVWLFLGHV LQ 327: ,QÀXHQW DQG (IÀXHQW

2UHJRQ 327:V

,Q RQH RI WKH PRVW FRPSUHKHQVLYH VXUYH\V RI FKHPLFDO FRQWDPLQDQWV
LQ 327: HIÀXHQW LQ WKH 8�6�� +RSH HW DO� ���� DQDO\]HG HIÀXHQWV IURP ��
327:V WKURXJKRXW 2UHJRQ RQFH GXULQJ WKH VXPPHU DQG GXULQJ WKH IDOO RI
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����� 2I WKH ��� FKHPLFDOV LQFOXGHG LQ WKH VXUYH\� ��� ZHUH FDWHJRUL]HG DV
SHVWLFLGHV RU SHVWLFLGH�UHODWHG FKHPLFDOV �SHVWLFLGH SUHFXUVRUV� GHJUDGDWLRQ
SURGXFWV�� 7KH PRVW IUHTXHQWO\ GHWHFWHG SHVWLFLGH�UHODWHG FRPSRXQGV LQFOXGH�
����GLFKORURSKHQRO ������ DUVHQLF ������ '((7 ������ ������WULFKORURSKHQRO
������ ����GLFKORURSKHQRO ������ GLXURQ ����� ������WULFKORURSKHQRO ����� DQG
��������WHWUDFKORURSKHQRO ����� �7DEOH ���� +RZHYHU� WKH SUHVHQFH RI PDQ\ RI
WKHVH FRPSRXQGV FDQQRW EH XQDPELJXRXVO\ WUDFHG WR SHVWLFLGH XVH� 6SHFL¿FDOO\�
WKH FKORULQDWHG SKHQROV PD\ EH XVHG DV FKHPLFDO LQWHUPHGLDULHV� DUH QR ORQJHU
UHJLVWHUHG DV SHVWLFLGHV� DQG�RU PD\ EH SURGXFHG DV D E\SURGXFW RI HIÀXHQW
FKORULQDWLRQ� $UVHQLF KDV VRPH UHPDLQLQJ FRPPHUFLDO DQG LQGXVWULDO XVHV �H�J��
DV D FRPSRQHQW RI WKH FKURPDWHG FRSSHU DUVHQDWH ZRRG SUHVHUYDWLYH� EXW DOVR
RFFXUV QDWXUDOO\ LQ WKH HQYLURQPHQW DQG PD\ EH UHOHDVHG WR 327:V YLD RWKHU
FRPPHUFLDO RU LQGXVWULDO SURFHVVHV�

2Q WKH FRQWUDU\� WKH SUHVHQFH RI WKH LQVHFW UHSHOODQW '((7 PRVW OLNHO\ UHVXOWV
IURP LWV ZLGHVSUHDG DSSOLFDWLRQ WR VNLQ DQG VXEVHTXHQW ZDVKRII LQWR KRXVHKROG
GUDLQV� '((7� WKH WKLUG PRVW IUHTXHQWO\ GHWHFWHG SHVWLFLGH� KDV WKH VHFRQG JUHDWHVW
PHGLDQ FRQFHQWUDWLRQ ���� QJ�/ DQG WKH JUHDWHVW PD[LPXP FRQFHQWUDWLRQ GHWHFWHG
������� QJ�/�� 'LXURQ� WKH �WK PRVW IUHTXHQWO\ GHWHFWHG SHVWLFLGH� LV D SUH� DQG SRVW�
HPHUJHQW KHUELFLGH ZLWK QXPHURXV DJULFXOWXUDO DQG UHVLGHQWLDO XVH VLWHV� LQFOXGLQJ
DSSOLFDWLRQ WR ZDWHU ERGLHV IRU DTXDWLF ZHHG FRQWURO� 3DUWLFXODUO\ UHOHYDQW WR LWV
RFFXUUHQFH LQ 327: HIÀXHQW LV LWV XVH DV D PLOGHZFLGH LQ FHUWDLQ SDLQWV DQG VWDLQV�
7KLV XVH FRXOG FRQFHLYDEO\ OHDG WR GRZQ�WKH�GUDLQ UHOHDVHV WR 327:V WKURXJK
ZDVKLQJ RI EUXVKHV DQG RWKHU SDLQWLQJ HTXLSPHQW� 'LXURQ DQG '((7 ZHUH DOVR
DPRQJ WKH PRVW FRPPRQO\ GHWHFWHG SHVWLFLGHV LQ 327: HIÀXHQW DFURVV (XURSH
�����

7ULFORS\U �GHWHFWHG LQ ��� RI WKH VDPSOHV�� LV XVHG IRU EURDGOHDI FRQWURO
LQ D YDULHW\ RI DJULFXOWXUDO DQG UHVLGHQWLDO VHWWLQJV� :LWK QR UHJLVWHUHG LQGRRU
XVHV LQ WKH 8�6�� GLUHFW UHOHDVH RI WULFORS\U WR 327:V YLD KRXVHKROG GUDLQV
LV QRW H[SHFWHG� +RZHYHU� LWV XVH IRU ZHHG FRQWURO LQ UHVLGHQWLDO VHWWLQJV
FRXOG UHVXOW LQ UHOHDVHV LQWR VWRUPZDWHU UXQRII DQG VXEVHTXHQWO\ WR 327:V
ZLWK K\GURORJLFDOO\�FRQQHFWHG VWRUPZDWHU FRQYH\DQFHV� ,QWHUHVWLQJO\� WKH
KHUELFLGH ����'% KDV QR UHJLVWHUHG LQGRRU RU UHVLGHQWLDO XVHV� 3RWHQWLDO UHDVRQV
IRU RFFXUUHQFH LQ ��� RI WKH 2UHJRQ 327: HIÀXHQW VDPSOHV DUH QRW FOHDU�
,PLGDFORSULG ����� DQG LPD]DS\U ����� ERWK KDYH ZLGHVSUHDG UHVLGHQWLDO XVHV
IRU LQVHFW DQG ZHHG FRQWURO� UHVSHFWLYHO\� ,PLGDFORSULG LV DOVR FRPPRQO\ XVHG
IRU ÀHD FRQWURO RQ SHWV YLD SHW FROODUV DQG VSRW�RQ WUHDWPHQWV� ,W VHHPV SRVVLEOH
WKDW LWV SUHVHQFH LQ 327:V FRXOG UHODWH WR SHW ZDVKLQJ RU LQDSSURSULDWH GLVSRVDO
GRZQ WKH GUDLQ�

+RSH HW DO� ���� UHSRUW WKDW GHWHFWLRQ RI WKH IXQJLFLGH SURSLFRQD]ROH� XVHG WR
SUHYHQW PROG RQZRRG� PD\ KDYH EHHQ UHODWHG WR GLVFKDUJH IURP DZRRG SURFHVVLQJ
IDFLOLW\ WKDW GLVFKDUJHG WR D 327:� 3URSLFRQD]ROH LV DOVR DQ LQJUHGLHQW LQ SDLQWV
DQG VWDLQV ZKLFK PD\ DOVR OHDG WR UHOHDVHV WR 327:V� SRVVLEO\ WKURXJK ZDVKLQJ
RI SDLQWLQJ HTXLSPHQW DQG�RU UXQRII LQWR VWRUP ZDWHU FRQQHFWHG WR 327:V� 7KH
DXWKRUV DOVR QRWH WKDW ÀXULGRQH� LPD]DS\U DQG WHUEXW\OD]LQH DUH DSSOLHG GLUHFWO\ WR
VXUIDFH ZDWHU IRU DOJDH DQG PDFURSK\WH FRQWURO DQG VSHFXODWH WKDW VXUIDFH ZDWHU
LQWUXVLRQ LQWR 327: FRQYH\DQFH V\VWHPV PD\ EH RFFXUULQJ�
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7DEOH ��� 3HVWLFLGHV DQG 5HODWHG &RPSRXQGV 'HWHFWHG LQ D 6XUYH\ RI �� 2UHJRQ 327:V� 6RXUFH� +RSH HW DO� ����

&KHPLFDO &$6 /24
�QJ�/�

� 'HWHFW�
�Q ����

0LQ�
�QJ�/�

0HGLDQ
�QJ�/�

0D[�
�QJ�/� &DWHJRU\

����'LFKORURSKHQRO ������� ��� �� ���� ���� ��� RWKHU �

$UVHQLF �75� ��������� ��� �� ��� ��� ���� RWKHU �

'((7 �1�1�GLHWK\O�P�
WROXDPLGH� �������� � �� �� ��� ����� RWKHU �LQVHFW

UHSHOODQW�

������7ULFKORURSKHQRO ������� �� �� �� ���� ��� ZRRG SUHVHUYDWLYH �

����'LFKORURSKHQRO �������� �� �� ���� ���� ��� RWKHU �

'LXURQ �������� � �� �� �� ��� KHUELFLGH

������7ULFKORURSKHQRO ������� �� �� ���� ���� ��� RWKHU �

��������7HWUDFKORURSKHQRO ��������� �� �� ���� ���� ��� RWKHU �

7ULFORS\U ���������� ��� �� ��� ��� ���� KHUELFLGH

����'% ������� ��� �� ��� ��� ���� KHUELFLGH

,PLGDFORSULG ����������� �� �� ��� ��� ��� LQVHFWLFLGH

,PD]DS\U ���������� �� � ��� ���� ����� KHUELFLGH

$]REHQ]HQH �������� �� � �� ��� ��� RWKHU �

&DUEDU\O ������� � � �� ��� ��� LQVHFWLFLGH

����' ������� ��� � ���� ���� ���� KHUELFLGH

&KORUSURSKDP �&,3&� �������� ��� � �� ���� ���� KHUELFLGH

&RQWLQXHG RQ QH[W SDJH�
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7DEOH ��� �&RQWLQXHG�� 3HVWLFLGHV DQG 5HODWHG &RPSRXQGV 'HWHFWHG LQ D 6XUYH\ RI �� 2UHJRQ 327:V

&KHPLFDO &$6 /24
�QJ�/�

� 'HWHFW�
�Q ����

0LQ�
�QJ�/�

0HGLDQ
�QJ�/�

0D[�
�QJ�/� &DWHJRU\

'LFDPED ��������� ��� � ��� ��� ��� KHUELFLGH

3URPHWRQ ��������� � � �� �� �� KHUELFLGH

3URSLFRQD]ROH ���������� �� � ��� ���� ���� IXQJLFLGH

3HQWDFKORURSKHQRO ������� ��� � ��� ��� ��� IXQJLFLGH

%D\JRQ ����������� � � �� �� �� LQVHFWLFLGH

'LFKORURSURS �����'3� �������� ��� � ��� ��� ��� KHUELFLGH

)OXULGRQH ���������� ��� � �� �� �� KHUELFLGH

3HQWDFKORUREHQ]HQH ��������� ��� � ��� ��� ��� RWKHU �3&3
GHJUDGDWH�

3HQWDFKORURSKHQRO ������� ��� � ��� ��� ��� IXQJLFLGH

6LPD]LQH �������� � � �� �� �� KHUELFLGH

7HUEXW\OD]LQH ��������� � � �� �� �� KHUELFLGH
� 3HVWLFLGH SUHFXUVRU RU RWKHU FKHPLFDO LQWHUPHGLDU\� � 2UJDQR DUVHQDWH DQG UHVLGHQWLDO &&$ XVHV QR ORQJHU UHJLVWHUHG LQ WKH 8�6� � 3HVWLFLGH LV QR ORQJHU
UHJLVWHUHG LQ WKH 8�6�
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&DOLIRUQLD 327:V

,Q DQRWKHU FRPSUHKHQVLYH VWDWH�ZLGH VXUYH\� 0DUNOH HW DO� ���� VDPSOHG ��
327:V LQ &DOLIRUQLD IRU WKH SUHVHQFH RI HLJKW S\UHWKURLGV LQ LQÀXHQW� HIÀXHQW�
DQG�RU ELRVROLGV� 7KLV HIIRUW ZDV FRQGXFWHG E\ WKH 3\UHWKURLG :RUNLQJ *URXS
�3:*�� D FRQVRUWLXP RI UHJLVWUDQWV UHSUHVHQWLQJ HLJKW S\UHWKURLGV� LQ UHVSRQVH WR
S\UHWKURLG UH�HYDOXDWLRQ DFWLYLWLHV E\ ERWK WKH &DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH
5HJXODWLRQ DQG WKH 86(3$� 7KH 327:V WKH VXUYH\HG UHSUHVHQW DSSUR[LPDWHO\
��� RI WKH WUHDWHG PXQLFLSDO ZDVWHZDWHU LQ &DOLIRUQLD DQG LQFOXGH SULPDU\�
VHFRQGDU\ DQG WHUWLDU\ WUHDWPHQW DV WHUPLQDO ZDVWHZDWHU WUHDWPHQW SURFHVVHV�
6DPSOHV ZHUH WDNHQ IURP -DQXDU\ WKURXJK 0DUFK� ���� GXULQJ GU\ ZHDWKHU
SHULRG� &RQVHFXWLYH JUDE VDPSOHV ZHUH WDNHQ IURP LQÀXHQW� HIÀXHQW DQG ELRVROLGV
�ZKHQ DYDLODEOH� DQG GLG QRW DFFRXQW IRU K\GURORJLF UHWHQWLRQ WLPH EHWZHHQ HQWU\
WR WKH 327: DQG GLVFKDUJH� ([WHQVLYH TXDOLW\ FRQWURO PHDVXUHV ZHUH LQVWLWXWHG
LQFOXGLQJ VHSDUDWH DQDO\WLFDO PHDVXUHPHQW E\ WZR ODERUDWRULHV�

5HVXOWV LQGLFDWH KLJK GHWHFWLRQ IUHTXHQFLHV �H�J�� ��� WR ����� IRU � RI WKH
� S\UHWKURLGV VDPSOHG LQ 327: LQÀXHQW �7DEOH ���� )UHTXHQFLHV RI GHWHFWLRQ
H[FHHGHG ��� IRU ELIHQWKULQ� F\ÀXWKULQ� ODPEGD�F\KDORWKULQ� F\SHUPHWKULQ DQG
SHUPHWKULQ� )HQSURSDWKULQ ZDV WKH OHDVW GHWHFWHG S\UHWKURLG LQ HIÀXHQW DW ����
DQG LV WKH RQO\ S\UHWKURLG VDPSOHG WKDW LV QRW UHJLVWHUHG IRU UHVLGHQWLDO XVHV LQ
&DOLIRUQLD� 7KLV VXJJHVWV UHVLGHQWLDO XVHV RI WKHVH SURGXFWV DUH FRQWULEXWLQJ WR WKHLU
ORDGLQJV WR &DOLIRUQLD 327:V� %\ IDU WKH KLJKHVW PD[LPXP DQG PHGLDQ LQÀXHQW
FRQFHQWUDWLRQV UHSRUWHG DUH IRU SHUPHWKULQ ������ DQG ��� QJ�/� UHVSHFWLYHO\��
ZKLFK PD\ EH UHODWHG WR LWV WRSLFDO XVH WR WUHDW OLFH LQIHVWDWLRQV�

,Q 327: HIÀXHQW� WKH JUHDWHVW GHWHFWLRQ IUHTXHQFLHV DUH REVHUYHG
IRU ELIHQWKULQ ������ IROORZHG E\ F\SHUPHWKULQ ������ SHUPHWKULQ ������
F\ÀXWKULQ ������ ODPEGD�F\KDORWKULQ ����� DQG HVIHQYDOHUDWH ����� 7DEOH ����
&RPSDUDWLYHO\� WKH UDWHV RI GHWHFWLRQ IRU GHOWDPHWKULQ DQG IHQSURSDWKULQ DUH PXFK
ORZHU ���� DQG �� UHVSHFWLYHO\� LQ HIÀXHQW WKDQ LQÀXHQW� &RQVLVWHQW ZLWK WKH
LQÀXHQW VDPSOLQJ UHVXOWV� WKH JUHDWHVW PD[LPXP DQG PHGLDQ FRQFHQWUDWLRQV LQ
327: HIÀXHQW DUH REVHUYHG IRU SHUPHWKULQ ���� DQG ��� QJ�/� UHVSHFWLYHO\��
&\SHUPHWKULQ VKRZHG WKH QH[W KLJKHVW HIÀXHQW FRQFHQWUDWLRQV ZLWK PD[LPXP
DQG PHGLDQ YDOXHV RI �� DQG ��� QJ�/� UHVSHFWLYHO\� 0D[LPXP DQG PHGLDQ
FRQFHQWUDWLRQV IRU WKH RWKHU VL[ S\UHWKURLG DUH � RUGHUV RI PDJQLWXGH EHORZ WKDW
IRU SHUPHWKULQ�

,W LV LQVWUXFWLYH WR FRPSDUH WKH UHVXOWV RI 327: PRQLWRULQJ WR WKDW SUHGLFWHG
E\ GRZQ�WKH�GUDLQ PRGHOLQJ �'W'� XVLQJ (�)$67 GHVFULEHG HDUOLHU� DV D ZD\
RI HYDOXDWLQJ PRGHO SUHGLFWLRQV� 3UHYLRXV 'W' DVVHVVPHQWV ZHUH FRQGXFWHG
ZLWK SHUPHWKULQ DQG GHOWDPHWKULQ �86(3$ ���� DQG 86(3$ ����� UHVSHFWLYHO\�
DQG DUH VKRZQ LQ 7DEOH �� DORQJ ZLWK WKH PRQLWRUHG FRQFHQWUDWLRQV LQ HIÀXHQW
VXPPDUL]HG LQ 7DEOH ��� :LWK SHUPHWKULQ� WKH SUHGLFWHG FRQFHQWUDWLRQV LQ
327: HIÀXHQW LV ���� SSE� ZKLFK LV DQ RUGHU RI PDJQLWXGH DERYH WKH PHGLDQ
FRQFHQWUDWLRQ PHDVXUHG LQ &DOLIRUQLD 327:V E\ 0DUNOH HW DO� ���� +RZHYHU�
LW LV DERXW �; EHORZ WKH PD[LPXP FRQFHQWUDWLRQ GHWHFWHG LQ &DOLIRUQLD 327:
HIÀXHQW ����� SSE�� :LWK GHOWDPHWKULQ� WKH SUHGLFWHG FRQFHQWUDWLRQ ������� SSE�
LV FRPSDUDEOH WR WKH PHGLDQ DQG PD[LPXP PHDVXUHG FRQFHQWUDWLRQV ������� DQG
����� SSE� UHVSHFWLYHO\��
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7DEOH ��� 6XPPDU\ RI 3\UHWKURLG 0HDVXUHPHQWV LQ ,QÀXHQW IURP �� &DOLIRUQLD 327:V� �6RXUFH� 0DUNOH HW DO� �����

&KHPLFDO � RI 'HWHFWV � 'HWHFWHG /24
�QJ�/�

0D[�
�QJ�/�

0LQ�
�QJ�/�

$YHUDJH�
�QJ�/�

0HGLDQ�
�QJ�/�

%LIHQWKULQ �� ��� � �� 1' �� ���

&\ÀXWKULQ �� ��� � �� 1' �� ���

/DPEGD�&\KDORWKULQ �� ��� � �� 1' ��� ���

&\SHUPHWKULQ �� ��� � ��� 1' �� ��

'HOWDPHWKULQ �� ��� �� ��� 1' � ���

(VIHQYDOHUDWH �� ��� � ��� 1' ��� ���

)HQSURSDWKULQ � ���� � ��� 1' ��� ���

3HUPHWKULQ �� ���� �� ���� �� ��� ���

1'  1RW GHWHFWHG� $ WRWDO RI �� LQÀXHQW VDPSOHV ZHUH FROOHFWHG ��� VDPSOHV � � UHSHDWV�� � 0HGLDQ DQG DYHUDJH YDOXHV ZHUH FDOFXODWHG DVVXPLQJ WKH OLPLW
RI TXDQWLWDWLRQ IRU QRQ�GHWHFWV�
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7DEOH ��� 6XPPDU\ RI 3\UHWKURLG 0HDVXUHPHQWV LQ (IÀXHQW IURP �� &DOLIRUQLD 327:V� �6RXUFH� 0DUNOH HW DO� �����

&KHPLFDO � RI 'HWHFWV � 'HWHFWHG /24
�QJ�/�

0D[�
�QJ�/�

0LQ�
�QJ�/�

$YHUDJH�
�QJ�/�

0HGLDQ�
�QJ�/�

%LIHQWKULQ �� ��� ��� ��� 1' ���� ���

&\ÀXWKULQ �� ��� ��� � 1' ��� ���

/DPEGD�&\KDORWKULQ �� ��� ��� ��� 1' ��� ���

&\SHUPHWKULQ �� ��� ��� �� 1' ���� ���

'HOWDPHWKULQ �� ��� ��� ��� 1' ���� ���

(VIHQYDOHUDWH �� ��� ��� ��� 1' ���� ���

)HQSURSDWKULQ � ���� ��� ��� 1' ���� ���

3HUPHWKULQ �� ��� ��� ��� 1' �� ���

1'  1RW GHWHFWHG� $ WRWDO RI �� HIÀXHQW VDPSOHV ZHUH FROOHFWHG� � 0HGLDQ DQG DYHUDJH YDOXHV ZHUH FDOFXODWHG DVVXPLQJ WKH OLPLW RI TXDQWLWDWLRQ IRU
QRQ�GHWHFWV�

���

D
ow

nl
oa

de
d 

by
 K

el
ly

 M
or

an
 o

n 
O

ct
ob

er
 1

5,
 2

01
4 

| h
ttp

://
pu

bs
.a

cs
.o

rg
 

 P
ub

lic
at

io
n 

D
at

e 
(W

eb
): 

Se
pt

em
be

r 2
2,

 2
01

4 
| d

oi
: 1

0.
10

21
/b

k-
20

14
-1

16
8.

ch
01

0

In Describing the Behavior and Effects of Pesticides in Urban and Agricultural Settings; Jones, et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2014. 



7DEOH ��� (VWLPDWHG (QYLURQPHQWDO ([SRVXUH &RQFHQWUDWLRQV RI 3HUPHWKULQ
DQG 'HOWDPHWKULQ� IURP 327: 'LVFKDUJHV

&KHPLFDO 3URGXFWLRQ
9ROXPH �NJ�

::7
����

3UHGLFWHG &RQF�
�SSE�

0HDVXUHG
&RQF� �SSE�

�PLQ� PHG� PD[�

3HUPHWKULQ ������ ���� ���� 1'� ������ ����

'HOWDPHWKULQ �� �� ������ 1'� ������� �����
� ::7  SHUFHQW UHPRYDO IURP ZDVWHZDWHU WUHDWPHQW�

,W LV DOVR RI LQWHUHVW WR HYDOXDWH WKH UHPRYDO RI S\UHWKURLGV E\ 327:
WUHDWPHQW� VLQFH WKLV LQIRUPDWLRQ FDQ KHOS LQIRUP PRGHOLQJ DSSURDFKHV IRU
HVWLPDWLQJ S\UHWKURLG ORDGLQJV IURP 327:V� ,QÀXHQW DQG HIÀXHQW GDWD IURP
0DUNOH HW DO� ���� ZHUH XVHG WR FDOFXODWH SHUFHQW UHPRYDO RI S\UHWKURLGV XVLQJ
WKH IROORZLQJ HTXDWLRQ�

:KHQ WKH HIÀXHQW FRQFHQWUDWLRQ ZDV UHSRUWHG EHORZ OLPLWV RI TXDQWLWDWLRQ
�/24�� WKH FRQFHQWUDWLRQ ZDV HTXDWHG WR WKH /24� :KHQ WKH LQÀXHQW ZDV
UHSRUWHG WR EH EHORZ WKH /24� QR FDOFXODWLRQ ZDV PDGH� 2Q DYHUDJH� S\UHWKURLG
FRQFHQWUDWLRQV PHDVXUHG LQ 327: HIÀXHQW DUH DSSUR[LPDWHO\ ��� WKRVH
PHDVXUHG LQ LQÀXHQW� UHSUHVHQWLQJ D UHGXFWLRQ RI DSSUR[LPDWHO\ ��� �)LJXUH ����
7KH KLJKHU PHDQ � UHPRYDO LQGLFDWHG IRU HVIHQYDOHUDWH ����� DQG IHQSURSDWKULQ
����� DUH EDVHG RQ YHU\ IHZ VDPSOHV DQG DUH WKHUHIRUH FRQVLGHUHG KLJKO\
XQFHUWDLQ�

,Q WHUPV RI 327:�VSHFL¿F IDFWRUV DIIHFWLQJ S\UHWKURLG FRQFHQWUDWLRQV� WKHUH
ZDV W\SLFDOO\ D ODUJH UHGXFWLRQ LQ S\UHWKURLG FRQFHQWUDWLRQV LQ HIÀXHQW IURP
SULPDU\ WR VHFRQGDU\ WUHDWPHQW� DOWKRXJK RQO\ RQH SODQW VDPSOHG KDG SULPDU\
WUHDWPHQW DV LWV WHUPLQDO WUHDWPHQW SURFHVV� 7KH UHODWLRQVKLS EHWZHHQ VHFRQGDU\
DQG WHUWLDU\ WUHDWPHQW ZDV OHVV FOHDU� ZKHUHE\ VRPH 327:V FRQWDLQLQJ VHFRQGDU\
WUHDWPHQW KDG KLJKHU FRQFHQWUDWLRQV LQ HIÀXHQW FRPSDUHG WR WKRVH ZLWK WHUWLDU\
WUHDWPHQW DQG YLFH YHUVD�

,W LV QRWHG WKDW WKH VWXG\ E\ 0DUNOH HW DO� ���� ZDV QRW VSHFL¿FDOO\ GHVLJQHG
WR HVWLPDWH � UHPRYDO HI¿FLHQF\ RI S\UHWKURLGV EHFDXVH VDPSOHV ZHUH WDNHQ
FRQFXUUHQWO\ IURP LQÀXHQW DQG HIÀXHQW ZLWKRXW UHJDUG WR WKH UHWHQWLRQ WLPH
RI WUHDWHG ZDWHU LQ WKH 327:� 7KHUHIRUH� GLIIHUHQFHV EHWZHHQ FRQFHQWUDWLRQV
RI S\UHWKURLG LQ LQÀXHQW DQG HIÀXHQW PD\ UHÀHFW� QRW RQO\ SDUWLWLRQLQJ DQG
GHJUDGDWLRQ SURFHVVHV DVVRFLDWHG ZLWK ZDVWHZDWHU WUHDWPHQW� EXW DOVR YDULDWLRQ LQ
SHVWLFLGH ORDGLQJV RYHU WLPH� 1RQHWKHOHVV� DYHUDJH � UHPRYDO HI¿FLHQFLHV EDVHG
RQ WKH PRQLWRULQJ GDWD �������� DUH TXLWH VLPLODU WR WKRVH FDOFXODWHG XVLQJ WKH
673:,1� PRGHO VXPPDUL]HG LQ 7DEOH �� ���������
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)LJXUH ��� 3HUFHQW UHGXFWLRQ LQ S\UHWKURLG FRQFHQWUDWLRQV LQ 327: HIÀXHQW
UHODWLYH WR LQÀXHQW� �6RXUFH� 0DUNOH HW DO� �����

6DFUDPHQWR 327:

,Q FRQWUDVW WR WKH SUHYLRXV WZR VWXGLHV ZKLFK FRQGXFWHG OLPLWHG VDPSOLQJ
RI 327: ZDVWHZDWHU DFURVV PDQ\ IDFLOLWLHV� :HVWRQ HW DO� ���� IRFXVHG WKHLU
HIIRUWV RQ D VLQJOH IDFLOLW\� WKH 6DFUDPHQWR 5HJLRQDO &RXQW\ 6DQLWDWLRQ 'LVWULFW
7UHDWPHQW 3ODQW� &RQFHQWUDWLRQV RI HLJKW S\UHWKURLGV LQ LQÀXHQW DQG HIÀXHQW
ZHUH VDPSOHG RYHU PXOWLSOH WLPH SHULRGV IURP 1RYHPEHU ���� WR -DQXDU\ �����
7ZHOYH� ���K FRPSRVLWH VDPSOHV ZHUH WDNHQ PRQWKO\ IURP LQÀXHQW DQG VHYHQ
���K� ÀRZ�ZHLJKWHG FRPSRVLWH VDPSOHV ZHUH WDNHQ IURP HIÀXHQW �� GXULQJ UDLQ
HYHQWV DQG � GXULQJ GU\ HYHQWV�� ,PSRUWDQWO\� WKH WLPLQJ RI HIÀXHQW VDPSOHV
ZDV DGMXVWHG WR DFFRXQW IRU WKH UHWHQWLRQ WLPH RI WKH ZDVWHZDWHU LQ WKH SODQW�
7KLV IDFLOLWDWHV PRUH DFFXUDWH HVWLPDWLRQ RI � UHPRYDO HI¿FLHQF\ FRPSDUHG WR
WKH SUHYLRXV VWXG\ E\ 0DUNOH HW DO� ���� :HVWRQ HW DO� ���� DOVR VDPSOHG WKUHH
327: ZDVWHZDWHU LQWHUFHSWRUV GXULQJ WKH FRXUVH RI WKLV VWXG\� RQH RI ZKLFK
�&LW\ LQWHUFHSWRU� UHFHLYHG ERWK PXQLFLSDO VHZDJH DQG VWRUP ZDWHU UXQRII ZKLOH
WKH RWKHU WZR �)ROVRP DQG /DJXQD LQWHUFHSWRUV� UHFHLYHG RQO\ PXQLFLSDO VHZDJH�

5HVXOWV IURP WKLV VWXG\ LQGLFDWH WKDW IRXU S\UHWKURLGV ZHUH GHWHFWHG LQ
DOO ������ RI WKH �� PRQWKO\ 327: LQÀXHQW VDPSOHV �SHUPHWKULQ� ELIHQWKULQ
F\SHUPHWKULQ� DQG ODPEGD�F\KDORWKULQ�� $PRQJ WKHVH� SHUPHWKULQ ZDV WKH
GRPLQDQW S\UHWKURLG GHWHFWHG LQ WHUPV RI RYHUDOO FRQFHQWUDWLRQ DQG W\SLFDOO\
UDQJHG EHWZHHQ ��� DQG ��� QJ�/� &\SHUPHWKULQ DQG ELIHQWKULQ ZHUH JHQHUDOO\
IRXQG EHWZHHQ �� DQG �� QJ�/ LQ LQÀXHQW ZKLOH F\KDORWKULQV ZHUH IRXQG XS
WR �� QJ�/� &\ÀXWKULQ ZDV GHWHFWHG RQFH LQ LQÀXHQW GXULQJ WKH VWXG\� ZKLOH
GHOWDPHWKULQ� IHQSURSDWKULQ DQG HVIHQYDOHUDWH ZHUH QRW GHWHFWHG LQ DQ\ RI WKH ��
LQÀXHQW VDPSOHV� $WWHPSWV WR FRUUHODWH WHPSRUDO SHDNV LQ LQÀXHQW FRQFHQWUDWLRQV
ZLWK NQRZQ XVH SDWWHUQ RU VDOHV GDWD ZHUH QRW VXFFHVVIXO� $QDO\VLV RI S\UHWKURLGV
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LQ WKH ZDVWHZDWHU LQWHUFHSWRU XSVWUHDP RI WKH WUHDWPHQW SODQW VXJJHVW WKDW
VWRUP ZDWHU UXQRII ZDV QRW WKH GRPLQDQW VRXUFH RI S\UHWKURLGV WR WKH SODQW�
&RQFHQWUDWLRQV RI SHUPHWKULQ LQ WKH &LW\ LQWHUFHSWRU �UHFHLYLQJ VWRUPZDWHU�
ZHUH VOLJKWO\ ORZHU WKDQ WKRVH ZKLFK GLG QRW UHFHLYH VWRUPZDWHU� )XUWKHUPRUH�
DOO WKH LQWHUFHSWRUV VDPSOHG FRQWDLQHG VXEVWDQWLDOO\ ORZHU FRQFHQWUDWLRQV RI
SHUPHWKULQ WKDQ ZKDW ZDV IRXQG LQ WKH 327: LQÀXHQW� VXJJHVWLQJ WKDW RWKHU
VRXUFHV RI SHUPHWKULQ WR WKH SODQW DUH OLNHO\� 7KH RWKHU S\UHWKURLGV ZHUH IRXQG LQ
VLPLODU FRQFHQWUDWLRQV LQ WKH WKUHH LQWHUFHSWRUV FRPSDUHG WR 327: LQÀXHQW� 7KH
DXWKRUV VSHFXODWH WKDW LQGRRU XVHV RI S\UHWKURLGV� FRQWDLQHU ZDVKLQJ DQG SRVVLEO\
LPSURSHU GLVSRVDO RI XQZDQWHG SHVWLFLGH PD\ EH OHDGLQJ WR WKH ORDGLQJV WR WKH
6DFUDPHQWR 327:�

,Q WHUPV RI HIÀXHQW TXDOLW\� SHUPHWKULQ ZDV DJDLQ WKH GRPLQDQW S\UHWKURLG
GHWHFWHG LQ DOO EXW RQH RI WKH VHYHQ HIÀXHQW VDPSOHV� UDQJLQJ IURP ����� QJ�/�
%LIHQWKULQ DQG F\KDORWKULQV UDQJHG IURP ��� QJ�/ LQ HIÀXHQW DQG ZHUH GHWHFWHG
��� DQG ��� RI WKH WLPH� UHVSHFWLYHO\� &RQFHQWUDWLRQV RI SHUPHWKULQ� ELIHQWKULQ
DQG F\KDORWKULQ ZHUH XS WR � WLPHV WKH UHVSHFWLYH ���K (&�� YDOXHV UHSRUWHG IRU WKH
IUHVKZDWHU DPSKLSRG� +\DOHOOD D]WHFD� +RZHYHU� DWWHPSWV WR FRUUHODWH REVHUYHG
WR[LFLW\ WR+� D]WHFD LQ HIÀXHQW VDPSOHV ZLWK WR[LF XQLWV RU 7,( SURFHGXUH ZHUH QRW
GH¿QLWLYH LQ WHUPV RI WKH FDXVH RI WR[LFLW\� 5HPRYDO HI¿FLHQFLHV RI WKH S\UHWKURLGV
IURP WKH 327: LQÀXHQW JHQHUDOO\ UDQJHG IURP ������� ZKLFK LV VLPLODU WR WKH
¿QGLQJV UHSRUWHG E\ 0DUNOH HW DO� ���� LQ WKHLU &DOLIRUQLD�ZLGH 327: VXUYH\�

:HVWRQ DQG /\G\ ����

,Q WKLV VWXG\�:HVWRQ DQG /\G\ VDPSOHG WKUHH &DOLIRUQLD 327:V �6DFUDPHQWR�
6WRFNWRQ� DQG 9DFDYLOOH� IRU WKH SUHVHQFH RI � S\UHWKURLGV DQG FKORUS\ULIRV GXULQJ
WKUHH GU\ DQG WKUHH ZHW VHDVRQV LQ ���� DQG ����� 7KH DXWKRUV LQGLFDWH WKDW H[FHSW
IRU D VPDOO SRUWLRQ RI WKH 6DFUDPHQWR 327: LQÀXHQW� DOO SODQWV FRQWDLQHG VDQLWDU\
VHZHU V\VWHPV WKDW ZHUH VHSDUDWH IURP VWRUPZDWHU V\VWHPV� 7KH\ IXUWKHU QRWH
WKDW WKH 6WRFNWRQ 327: LQFOXGHG WHUWLDU\ WUHDWPHQW YLD URXWLQJ VHFRQGDU\ WUHDWHG
ZDVWHZDWHU WKURXJK ��� KD RI WUHDWPHQW SRQGV ZKLFK \LHOGHG D UHWHQWLRQ WLPH RI
DERXW �� GD\V� 5HVXOWV DERYH � QJ�/ DUH FRQVLGHUHG E\ WKH DXWKRUV WR EH UHOLDEOH�
$ WRWDO RI �� 327: VDPSOHV ZHUH WDNHQ� 2WKHU VDPSOHV RI DJULFXOWXUDO GUDLQV DQG
XUEDQ UXQRII ZHUH DOVR DQDO\]HG EXW DUH QRW GLVFXVVHG KHUH�

:HVWRQ DQG /\G\ ���� UHSRUW WKDW RI DOO WKH VDPSOHV� TXDQWL¿DEOH
FRQFHQWUDWLRQV RI RQH RU PRUH S\UHWKURLGV ZHUH IRXQG LQ ��� RI WKH VDPSOHV
WDNHQ� $FURVV DOO WKUHH IDFLOLWLHV� FKORUS\ULIRV ������ ELIHQWKULQ ����� DQG
SHUPHWKULQ ����� ZHUH PRVW FRPPRQO\ GHWHFWHG �7DEOH ���� *HQHUDOO\�
WKH KLJKHVW FRQFHQWUDWLRQV RI S\UHWKURLGV DQG FKORUS\ULIRV DUH VHHQ ZLWK WKH
6DFUDPHQWR 327:� ,Q WHUPV RI WR[LFRORJLFDO UHOHYDQFH� ��� RI WKH HIÀXHQW
VDPSOHV FRQWDLQLQJ ELIHQWKULQ� ��� FRQWDLQLQJ ODPEGD�F\KDORWKULQ� DQG ��
RI WKH VDPSOHV FRQWDLQLQJ F\SHUPHWKULQ H[FHHGHG WKH UHVSHFWLYH (&�� RU /&��
YDOXHV IRU +� D]WHFD� 7KH DXWKRUV QRWH WKDW WKH SUHVHQFH RI S\UHWKURLGV LV
VXUSULVLQJ HVSHFLDOO\ JLYHQ WKH ORZ OHYHOV RI VXVSHQGHG VROLGV LQ WKH HIÀXHQW ��
� PJ�/�� 7KH\ VXJJHVW WKDW VHZHU GLVSRVDO RI KRXVHKROG SHVWLFLGHV� XVH RI SHW
DQG OLFH FRQWURO VKDPSRRV DQG ODXQGHULQJ RI SHUPHWKULQ�WUHDWHG FORWKLQJ PD\ EH
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SRWHQWLDO VRXUFHV RI S\UHWKURLGV WR WKH 327:V� 'HVSLWH ������ JUHDWHU ÀRZV
LQ ZHW ZHDWKHU� :HVWRQ DQG /\G\ ���� UHSRUW VLPLODU FRQFHQWUDWLRQV LQ HIÀXHQW
GXULQJ GU\ DQG ZHW ZHDWKHU ÀRZV� ZKLFK LQGLFDWHV WKDW SHVWLFLGH ORDGLQJV IURP
XUEDQ�UHVLGHQWLDO UXQRII PD\ EH FRQWULEXWLQJ WR ORDGLQJV WR 327:V�

3HVWLFLGHV LQ 327: %LRVROLGV

6HFWLRQ ����G� RI WKH &OHDQ :DWHU $FW �&:$� UHTXLUHV WKH 8�6�
(QYLURQPHQWDO 3URWHFWLRQ $JHQF\ �(3$� WR LGHQWLI\ DQG UHJXODWH WR[LF SROOXWDQWV
WKDW PD\ EH SUHVHQW LQ ELRVROLGV �VHZDJH VOXGJH� DW OHYHOV RI FRQFHUQ IRU SXEOLF
KHDOWK DQG WKH HQYLURQPHQW� +LVWRULFDOO\� WKH IRFXV RI LGHQWL¿FDWLRQ DQG UHJXODWRU\
HIIRUWV KDV EHHQ RQ LQGXVWULDO FKHPLFDOV� SKDUPDFHXWLFDOV� PHWDOV� DQG VHOHFWHG
DQWLPLFURELDO FKHPLFDOV� ����� +RZHYHU� UHFHQW VWXGLHV KDYH UDLVHG DWWHQWLRQ RQ
WKH RFFXUUHQFH RI FRQYHQWLRQDO SHVWLFLGHV LQ ELRVROLGV� ZKLFK RIWHQ DUH WUHDWHG
DQG DSSOLHG WR ODQG� 3RWHQWLDO FRQVHTXHQFHV RI ODQG�DSSOLHG ELRVROLGV WKDW FRQWDLQ
DSSUHFLDEOH DPRXQWV RI SHVWLFLGHV LQFOXGH DOWHUDWLRQ RI VRLO DQG WHUUHVWULDO ELRWD�
UXQRII WR VXUIDFH ZDWHUV DQG FRQWDPLQDWLRQ RI JURXQG ZDWHU�

,Q DGGLWLRQ WR TXDQWLI\LQJ S\UHWKURLG FRQFHQWUDWLRQV LQ 327: LQÀXHQW DQG
HIÀXHQW� WKH SUHYLRXVO\ VXPPDUL]HG VWXG\ FRQGXFWHG 0DUNOH HW DO� ���� DOVR
PHDVXUHG S\UHWKURLGV LQ ELRVROLGV IURP �� RI WKH 327:V LQFOXGHG LQ WKH VXUYH\
�7DEOH ���� ,Q WHUPV RI RYHUDOO GHWHFWLRQ IUHTXHQF\� UHVXOWV PLUURU WKRVH GHVFULEHG
SUHYLRXVO\ IRU LQÀXHQW DQG HIÀXHQW� ZLWK WKH KLJKHVW GHWHFWLRQ IUHTXHQFLHV UHSRUWHG
IRU ELIHQWKULQ ������ SHUPHWKULQ ������ F\SHUPHWKULQ ������ DQG F\ÀXWKULQ
������ 7KH PD[LPXP FRQFHQWUDWLRQ RI SHUPHWKULQ ������� QJ�J G�Z�� LV ��;
WKDW RI WKH S\UHWKURLGV ZLWK WKH QH[W KLJKHVW PD[LPD FRQFHQWUDWLRQV �ELIHQWKULQ�
F\SHUPHWKULQ�� 0HGLDQ FRQFHQWUDWLRQV DUH JUHDWHVW IRU SHUPHWKULQ ������ QJ�J
G�Z��� ELIHQWKULQ ���� QJ�J G�Z�� DQG F\SHUPHWKULQ ��� QJ�J G�Z��� 3HUPHWKULQ
ZDV DOVR UHSRUWHG LQ VHZDJH VOXGJH IURP WKH 8�.� ���� DQG 6ZLW]HUODQG �����

$V D FRQVHTXHQFH RI WKHVH DQG RWKHU UHSRUWV RI FRQYHQWLRQDO SHVWLFLGHV LQ
327: ELRVROLGV� 233 KDV XQGHUWDNHQ HIIRUWV DORQJ ZLWK FRXQWHUSDUWV LQ WKH
2I¿FH RI :DWHU WR GHYHORS DSSURDFKHV WR VFUHHQ XVHV RI FRQYHQWLRQDO SHVWLFLGHV
IRU WKHLU SRWHQWLDO WR HQG XS DQG SHUVLVW LQ ELRVROLGV� 7KH LQLWLDO HIIRUWV IRFXVHG
RQ LGHQWLI\LQJ SHVWLFLGH XVHV ZLWK WKH JUHDWHVW SRWHQWLDO IRU UHOHDVHV GRZQ WKH
GUDLQ �7DEOH ��� 6XEVHTXHQWO\� HIIRUWV KDYH IRFXVHG RQ GHYHORSLQJ VFUHHQLQJ
OHYHO PRGHOV IRU HYDOXDWLQJ WKH SRWHQWLDO ULVNV DVVRFLDWHG ZLWK SHVWLFLGHV LQ
ODQG�DSSOLHG ELRVROLGV� 2QH DSSURDFK EHLQJ HYDOXDWHG LV DGDSWLQJ WKH FXUUHQW
2I¿FH RI :DWHU %LRVROLGV &RUH 5LVN $VVHVVPHQW 0RGHO �%&5$0� IRU D VFUHHQLQJ
OHYHO DVVHVVPHQW� 2WKHU DSSURDFKHV EHLQJ LQYHVWLJDWHG LQFOXGH DGDSWLQJ H[LVWLQJ
233 PRGHOV �H�J�� 35=0� DQG H[SRVXUH VFHQDULRV IRU HYDOXDWLRQ RI ODQG DSSOLHG
ELRVROLGV�
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7DEOH ��� 3\UHWKURLGV DQG &KORUS\ULIRV LQ (IÀXHQW IURP 7KUHH &DOLIRUQLD 327:V� �6RXUFH� :HVWRQ DQG /\G\ �����

327:� %LIHQ� &\À� &\S� 'HOW� (VIHQ� )HQS� /� &\K 3HUP� &KORU�

0D[LPXP &RQFHQWUDWLRQ 'HWHFWHG �QJ�/�

6DFU� ��� ��� ���� � ��� � ��� ���� ����

6WRFN� ��� � � ��� � � � ��� ���

9DFD� ��� � � ��� � � ��� ��� �

2YHUDOO 'HWHFWLRQ )UHTXHQF\ �Q ��� �

��� �� �� ��� �� �� ��� ��� ���

)UHTXHQF\ H[FHHGLQJ (&�� RU /&�� �

��� � �� 1$ 1$ 1$ ��� � �
� 6DFU�  6DFUDPHQWR� 6WRFN�  6WRFNWRQ� 9DFD�  9DFDYLOOH� �'HWHFWLRQ IUHTXHQF\  � VDPSOHV ! � QJ�/�WRWDO VDPSOHV IURP DOO � SODQWV �Q ���� � )UHTXHQF\
RI H[FHHGLQJ (&�� RU /&�� IRU +� D]WHFD �%LI  ��� QJ�/� &\I  ��� QJ�/� &\S  ��� QJ�/� /� &\K  ��� QJ�/� 3HU  ���� QJ�/ DQG FKORU  �� QJ�/��
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7DEOH ��� 6XPPDU\ RI 3\UHWKURLG 0HDVXUHPHQWV LQ %LRVROLGV IURP �� &DOLIRUQLD 327:V� �6RXUFH� 0DUNOH HW DO� �����

&KHPLFDO � RI 'HWHFWV � 'HWHFWHG /24
�QJ�J�

0D[�
�QJ�J�

0LQ�
�QJ�J�

$YHUDJH�
�QJ�J�

0HGLDQ�
�QJ�J�

%LIHQWKULQ �� ��� ��� ���� 1' ��� ���

&\ÀXWKULQ �� ��� ��� ��� 1' �� ��

/DPEGD�&\KDORWKULQ �� ��� ��� ��� 1' �� ��

&\SHUPHWKULQ �� ��� ��� ���� 1' ��� ��

'HOWDPHWKULQ �� ��� ��� �� 1' �� ��

(VIHQYDOHUDWH �� ��� ��� �� 1' �� ��

)HQSURSDWKULQ � ���� ��� �� 1' �� ���

3HUPHWKULQ �� ��� �� ����� �� ���� ����

1'  1RW GHWHFWHG� $ WRWDO RI �� LQÀXHQW VDPSOHV ZHUH FROOHFWHG� � 0HGLDQ DQG DYHUDJH YDOXHV ZHUH FDOFXODWHG DVVXPLQJ WKH OLPLW RI TXDQWLWDWLRQ IRU
QRQ�GHWHFWV�
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&RQFOXVLRQV

$V SDUW RI WKH 5HJLVWUDWLRQ 5HYLHZ 3URJUDP LQ 86(3$� WKH ¿UVW S\UHWKURLG
HFRORJLFDO ULVN DVVHVVPHQWV DUH OHVV WKDQ WZR \HDUV DZD\� 7KHLU ZLGHVSUHDG DQG
GLYHUVH XUEDQ XVH SDWWHUQV SUHVHQW PDQ\ FKDOOHQJHV LQ FRQGXFWLQJ D QDWLRQDO
VFDOH HFRORJLFDO ULVN DVVHVVPHQW� 7KH SUREOHP IRUPXODWLRQV DQG SXEOLF FRPPHQW
SURFHVV KDV EHHQ H[WUHPHO\ YDOXDEOH LQ IRFXVLQJ RQ LVVXHV WKDW QHHG WR EH
DGGUHVVHG� 7KH 3\UHWKURLG :RUNLQJ *URXS �3:*� KDV FRQGXFWHG D QXPEHU
RI VWXGLHV LQ UHVSRQVH WR WKH 'DWD�&DOO�,Q �'&,� IURP 86(3$ DQG &DOLIRUQLD
'HSDUWPHQW RI 3HVWLFLGH 5HJXODWLRQ �&$'35�� $QDO\VLV RI GDWD IURP VRPH RI
WKHVH VWXGLHV LV SUHVHQWHG LQ WKLV FKDSWHU ZKLOH RWKHU VWXGLHV DUH FXUUHQWO\ EHLQJ
UHYLHZHG� 7KHVH GDWD DORQJ ZLWK D ZHDOWK RI LQIRUPDWLRQ IURP SXEOLF OLWHUDWXUH
ZRXOG EH XVHG LQ FRQGXFWLQJ HFRORJLFDO ULVN DVVHVVPHQWV IRU XUEDQ XVH SHVWLFLGHV�

7R DVVHVV WKH H[SRVXUH HVWLPDWHV IURP RXWGRRU XUEDQ XVHV� ()(' LV FXUUHQWO\
XVLQJ WKH UHVLGHQWLDO DQG LPSHUYLRXV VFHQDULRV LQ 35=0�(;$06 ZKLFK RQO\
SURYLGH VFUHHQLQJ OHYHO LQIRUPDWLRQ� 7R IXUWKHU UH¿QH WKHVH XUEDQ VFHQDULRV�
UHVXOWV REWDLQHG IURP VWXGLHV VXEPLWWHG IRU SDWKZD\ LGHQWL¿FDWLRQ� LPSHUYLRXV
VXUIDFHV ZDVKRII�UXQRII� WXUIJUDVV UXQRII DQG RWKHUV FRXOG EH XVHG� $GGLWLRQDOO\�
TXDOLW\ PRQLWRULQJ GDWD PD\ EH XVHG LQ YHULI\LQJ PRGHOHG ((&V� 2WKHU
IDFWRUV WKDW VKRXOG EH FRQVLGHUHG LQ LPSURYLQJ WKHVH XUEDQ VFHQDULRV LQFOXGH
FKDUDFWHULVWLFV RI WKH SHVWLFLGH WR EH PRGHOHG VXFK DV H[SHFWHG VROXELOLW\ LQ
QDWXUDO�XUEDQ GUDLQDJH ZDWHUV DQG ZDVKDELOLW\ IURP YDULHG W\SHV RI LPSHUYLRXV
VXUIDFHV� $Q\ RWKHU VLJQL¿FDQW SHVWLFLGH ORDG IURP VRXUFHV VXFK DV JURXQG ZDWHU�
GULIW DQG DLUERUQH GXVW FRQWDPLQDWHG ZLWK SHVWLFLGHV VKRXOG DOVR EH FRQVLGHUHG�

7KH DYDLODEOH HYLGHQFH LQGLFDWHV WKDW XVHV RI FRQYHQWLRQDO SHVWLFLGHV DUH
UHVXOWLQJ LQ UHOHYDQW ORDGLQJV WR DQG IURP 327:V LQ WKH 8�6� ,QIRUPDWLRQ RQ
XVH SDWWHUQV FDQ EH XVHG WR LGHQWLI\ WKRVH XVHV ZKLFK DUH PRUH OLNHO\ WR UHVXOW LQ
UHOHDVHV GRZQ WKH GUDLQ� +RZHYHU� 327:PRQLWRULQJ VWXGLHV KDYH DOVR LGHQWL¿HG
WKH SUHVHQFH RI VRPH SHVWLFLGHV IRU ZKLFK WKH RFFXUUHQFH LQ 327: HIÀXHQWV LV
QRW HDVLO\ H[SODLQHG E\ WKHLU ODEHOHG XVH SDWWHUQV� /HVV REYLRXV SUDFWLFHV VXFK
DV FRQWDLQHU ZDVKLQJ� SHW ZDVKLQJ DQG SRVVLEO\ LPSURSHU GLVSRVDO RI XQZDQWHG
SHVWLFLGH PD\ EH OHDGLQJ WR SHVWLFLGH ORDGLQJV WR 327:V� (IIRUWV WR GDWH WR
PRGHO SHVWLFLGH ORDGLQJV WR 327:V KDYH UHOLHG RQ FRDUVH� VFUHHQLQJ OHYHO PRGHOV
�H�J�� (�)$67�� ,QIRUPDWLRQ WR UH¿QH FULWLFDO PRGHO LQSXW SDUDPHWHUV �H�J�� �
UHPRYDO HI¿FLHQF\� KDV EHHQ FROOHFWHG IRU VRPH SHVWLFLGHV DQG VXJJHVW UHDVRQDEOH
DJUHHPHQW EHWZHHQ SUHGLFWHG DQG PHDVXUHG PRGHO SDUDPHWHUV� 7KH QHHG IRU
PRUH FRPSUHKHQVLYH VXUYH\V RI SHVWLFLGHV LQ 8�6� 327: HIÀXHQW LV FOHDU� DV QR
QDWLRQDO OHYHO VXUYH\ LQIRUPDWLRQ ZDV LGHQWL¿HG WR GDWH� ,QIRUPDWLRQ IURP VXFK
VXUYH\V LQ (XURSH �H�J�� /RRV HW DO� ����� DQG SHVWLFLGH XVH SDWWHUQ FDQ SURYLGH
XVHIXO LQIRUPDWLRQ IRU LGHQWLI\LQJ FDQGLGDWH SHVWLFLGHV IRU DGGLWLRQDO PRQLWRULQJ�

',6&/$,0(5� 7KH FRQWHQW RI WKLV FKDSWHU GRHV QRW QHFHVVDULO\ UHSUHVHQW WKH
RI¿FLDO YLHZV RI WKH 8�6� (3$�
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5HIHUHQFHV

�� 3HVWLFLGH 8VH 5HSRUWLQJ �385�� &DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH
5HJXODWLRQ� KWWS���ZZZ�FGSU�FD�JRY�GRFV�SXU�SXUPDLQ�KWP�

�� *LOOLRP� 5� ,�� %DUEDVK� -� (�� &UDZIRUG� &� *�� +DPLOWRQ� 3� $�� 0DUWLQ� -�
'�� 1DNDJDNL� 1�� 1RZHOO� /� +�� 6FRWW� -� &�� 6WDFNHOEHUJ� 3� (�� 7KHOLQ�
*� 3�� :RORFN� '� 0� 7KH 4XDOLW\ RI 2XU 1DWLRQ¶V :DWHUV� 3HVWLFLGHV LQ
WKH 1DWLRQ¶V 6WUHDPV DQG *URXQG :DWHU� ����±����� &LUFXODU ����� 8�6�
*HRORJLFDO 6XUYH\� 5HYLVHG )HEUXDU\ ��� ����� KWWS���SXEV�XVJV�JRY�FLUF�
�����������

�� :LOHQ� &� $� 6XUYH\ RI 5HVLGHQWLDO 3HVWLFLGH 8VH DQG 6DOHV LQ WKH 6DQ
'LHJR &UHHN :DWHUVKHG RI 2UDQJH &RXQW\� &DOLIRUQLD� 8QLYHUVLW\ RI
&DOLIRUQLD 6WDWHZLGH ,30 3URJUDP� 8& &RRSHUDWLYH ([WHQVLRQ� 3UHSDUHG
IRU WKH &DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH 5HJXODWLRQ� 2FWREHU ��� �����
KWWS���ZZZ�LSP�XFGDYLV�HGX�3')�38%6�VGFUN�SGI�

�� :LOHQ� &� $� 6XUYH\ RI 5HVLGHQWLDO 3HVWLFLGH 8VH LQ WKH &KROODV &UHHN $UHD
RI 6DQ 'LHJR &RXQW\ DQG 'HOKL &KDQQHO RI 2UDQJH &RXQW\� &DOLIRUQLD�
8QLYHUVLW\ RI &DOLIRUQLD 6WDWHZLGH ,30 3URJUDP� 3UHSDUHG IRU WKH
&DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH 5HJXODWLRQ� 6HSWHPEHU �� �����
KWWS���ZZZ�LSP�XFGDYLV�HGX�3')�38%6�FKROODVBVXUYH\�SGI�

�� )OLQW� 0� /� 5HVLGHQWLDO 3HVWLFLGH 8VH LQ &DOLIRUQLD� $ 5HSRUW RI 6XUYH\V
7DNHQ LQ WKH 6DFUDPHQWR �$UFDGH &UHHN�� 6WRFNWRQ �)LYH�0LOH 6ORXJK�
DQG 6DQ )UDQFLVFR %D\ $UHDV ZLWK &RPSDULVRQV WR WKH 6DQ 'LHJR &UHHN
:DWHUVKHG RU 2UDQJH &RXQW\� &DOLIRUQLD� 8QLYHUVLW\ RI &DOLIRUQLD 6WDWHZLGH
,30 3URJUDP� 3UHSDUHG IRU WKH &DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH
5HJXODWLRQ� 0DUFK ��� ����� KWWS���ZZZ�LSP�XFGDYLV�HGX�3')�38%6�
QFDOLIVXUYH\B��SGI�

�� .UHLGLFK� 1�� )OLQW� 0� /�� :LOHQ� &� $�� =KDQJ� 0� 7UDFNLQJ 1RQ�5HVLGHQWLDO
3HVWLFLGH 8VH LQ 8UEDQ $UHDV RI &DOLIRUQLD� '35 $JUHHPHQW 1XPEHU
�������&� &RQGXFWHG E\ WKH 8QLYHUVLW\ RI &DOLIRUQLD� 3UHSDUHG IRU
WKH &DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH 5HJXODWLRQ� -XQH ��� �����
KWWS���ZZZ�LSP�XFGDYLV�HGX�3')�38%6�XFGDYLVUHS�SGI�

�� &DOLIRUQLD ���� 8UEDQ 3HVWLFLGH 8VH 3DWWHUQ 6WXG\� 3XEOLVKHG VWXG\
FRQGXFWHG E\ WKH 3\UHWKURLG :RUNLQJ *URXS �3:*� DQG 0HWD 5HVHDUFK�
,QF�� 6DFUDPHQWR� &$� DQG VSRQVRUHG E\ 3:*� /DERUDWRU\ 3URMHFW ,' &'35
6WXG\ ,' 1XPEHU ������� 'HFHPEHU �� ���� �05,' ����������

�� :LQFKHOO� 0� )�� &\U� 0� -� 5HVLGHQWLDO 3\UHWKURLG 8VH &KDUDFWHULVWLFV
LQ *HRJUDSKLFDOO\ 'LYHUVH 5HJLRQV RI WKH 8QLWHG 6WDWHV� $Q XQSXEOLVKHG
VWXG\ SHUIRUPHG E\ 6WRQH (QYLURQPHQWDO� ,QF�� 0RQWSHOLHU� 97 DQG .OLQH 	
&RPSDQ\� ,QF�� 3DUVLSSDQ\� 1-� DQG VSRQVRUHG E\ WKH 3\UHWKURLG :RUNLQJ
*URXS� 9DOGRVWD� *$� /DERUDWRU\ 3URMHFW ,' 3:*1XPEHU 3:*�(5$���D�
6WXG\ FRPSOHWHG 1RYHPEHU ��� ����� 6XEPLWWHG -DQXDU\ �� ���� �05,'
����������

�� )XJDWH� '�� +DOO� .� &RQVXPHU 0DUNHWV IRU 3HVWLFLGHV DQG )HUWLOL]HUV� 8�6�
0DUNHW $QDO\VLV DQG 2SSRUWXQLWLHV� ��WK HG�� .OLQH 	&RPSDQ\� 3DUVLSSDQ\�
1-� �����
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��� :LQFKHOO� 0� )� 3\UHWKURLG 8VH &KDUDFWHULVWLFV LQ *HRJUDSKLFDOO\
'LYHUVH 5HJLRQV RI WKH 8QLWHG 6WDWHV� 3DUDPHWHUL]DWLRQ RI (VWLPDWHG
3\UHWKURLG 7UHDWPHQW ([WHQW DQG )UHTXHQF\ IRU 8UEDQ ([SRVXUH 0RGHOLQJ�
8QSXEOLVKHG VWXG\ SHUIRUPHG E\ 6WRQH (QYLURQPHQWDO� ,QF�� 0RQWSHOLHU�
97� DQG VSRQVRUHG E\ 3\UHWKURLG :RUNLQJ *URXS� 9DOGRVWD� *$� /DERUDWRU\
3URMHFW ,' 3:* 1XPEHU 3:*�(5$���E� 6WXG\ FRPSOHWHG 1RYHPEHU ���
����� 6XEPLWWHG -DQXDU\ �� ���� �05,' ����������

��� 'DYLGVRQ� 3� &�� -RQHV� 5� /�� +DUERXUW� &� 0�� +HQGOH\� 3�� +ROVFKHU� -� $��
6OL]� %� $�� *RRGZLQ� *� (�� =ZLOOLQJ� /� )�� -DFREVRQ� $� 6�� %URZQ� 6��
0DVRQ� %� -� 3DWKZD\ ,GHQWL¿FDWLRQ 6WXG\� 8QSXEOLVKHG VWXG\ SHUIRUPHG
E\ :DWHUERUQH (QYLURQPHQWDO� ,QF�� /HHVEXUJ�9$� 0RUVH /DERUDWRULHV�
//&� 6DFUDPHQWR� &$� DQG $JYLVH /DERUDWRULHV� ,QF�� 1RUWKZRRG� 1'� DQG
VSRQVRUHG E\ WKH 3\UHWKURLG :RUNLQJ *URXS� 9DOGRVWD� *$� /DERUDWRU\
SURMHFW ,'V 3:* 1XPEHU ������ :DWHUERUQH 1XPEHU ������� 0RUVH
1XPEHU ������ DQG $JYLVH 1XPEHU �������������� 0D\ ��� ���� �05,'
����������

��� 'DYLGVRQ� 3� &�� -RQHV� 5� /�� +DUERXUW� &� 0�� +HQGOH\� *RRGZLQ� *� (��
6OL]� %� $� 0DMRU WUDQVSRUW PHFKDQLVPV RI S\UHWKURLGV LQ UHVLGHQWLDO VHWWLQJV
DQG HIIHFWV RI PLWLJDWLRQ PHDVXUHV� (QYLURQ� 7R[LFRO� &KHP� ����� ���
��±���

��� 7UDVN� -� 5�� +DUERXUW� &� 0�� 0LOOHU� 3�� &R[� 0�� -RQHV� 5�� +HQGOH\� 3��
/DP� &� :DVKRII RI F\SHUPHWKULQ UHVLGXHV IURP VODEV RI H[WHUQDO EXLOGLQJ
PDWHULDO VXUIDFHV XVLQJ VLPXODWHG UDLQIDOO� (QYLURQ� 7R[LFRO� &KHP� �����
��� ���±����

��� +DUERXUW� &�� 7UDVN� -�� 0LOOHU� 3�� 0LOOHU� 3�� &R[� 0�� -RQHV� 5�� +HQGOH\� 3�
/DP� &� :DVKRII�5XQRII RI &\SHUPHWKULQ 5HVLGXHV IURP 6ODEV RI ([WHUQDO
%XLOGLQJ 0DWHULDO 6XUIDFHV 8VLQJ 6LPXODWHG 5XQRII� )LQDO 5HSRUW� 3URMHFW
1XPEHU ������ ������� 8QSXEOLVKHG VWXG\ SUHSDUHG E\ :DWHUERUQH
(QYLURQPHQWDO� ,QF� �:(,� DQG %D\HU &URS6FLHQFH� 6WXG\ FRPSOHWHG 0DUFK
�� ���� �05,' ����������

��� +DQ]DV� -� 3�� -U�� -RQHV� 5� /�� :KLWH� -� :� 5XQRII WUDQVSRUW RI S\UHWKURLGV
IURP D UHVLGHQWLDO ODZQ LQ FHQWUDO &DOLIRUQLD� -� (QYLURQ� 4XDO� ����� ���
���±����

��� +DQ]DV� -� 3�� -U�� 6WRQH� &� 7�� 7RWK� %�� :KLWH� -� %LIHQWKULQ DQG
%HWD�&\ÀXWKULQ 4XDQWL¿FDWLRQ RI 3\UHWKURLG 5XQRII /RVVHV IURP 7UHDWHG
7XUIJUDVV XQGHU 2YHU�LUULJDWLRQ &RQGLWLRQV DQG 6LPXODWHG 5DLQIDOO�
)LQDO 5HSRUW� 8QSXEOLVKHG VWXG\ SHUIRUPHG E\ 6WRQH (QYLURQPHQWDO�
,QF�� 0RQWSHOLHU� 97� &5* 0DULQH /DERUDWRULHV� ,QF�� 7RUUDQFH� &$� DQG
$*9,6( /DERUDWRULHV� 1RUWKZRRG� 1'� DQG VSRQVRUHG E\ WKH 3\UHWKURLG
:RUNLQJ *URXS� *UHHQVERUR� 1&� 6WRQH (QYLURQPHQWDO 6WXG\ 1XPEHU
������� 6WXG\ FRPSOHWHG 'HFHPEHU ��� ���� �05,' �����������

��� *LGGLQJV� -� 0�� :LUW]� -� 5�� &DPSDQD� '� $QDO\VLV RI 0RQLWRULQJ 'DWD IRU
6\QWKHWLF 3\UHWKURLGV LQ 6XUIDFH :DWHU DQG 6HGLPHQW RI WKH 8QLWHG 6WDWHV�
3UHSDUHG IRU WKH 3\UHWKURLG :RUNLQJ *URXS� /DQGLV ,QWHUQDWLRQDO� ,QF��
9DOGRVWD� *$� 3:* 5HSRUW 1R� 3:*�(5$���� 6WXG\ FRPSOHWHG )HEUXDU\
�� ���� �05,' ����������
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��� 5XE\� $�� 5HYLHZ RI 3\UHWKURLG� )LSURQLO DQG 7R[LFLW\ 0RQLWRULQJ 'DWD
IURP &DOLIRUQLD 8UEDQ :DWHUVKHGV� 3UHSDUHG IRU WKH &DOLIRUQLD 6WRUPZDWHU
4XDOLW\ $VVRFLDWLRQ �&$64$� E\ $UPDQG 5XE\ &RQVXOWLQJ� 6DQWD &UX]�
&$� -XO\ ��� ���� �05,' ����������

��� :HVWRQ� '�� /\G\� 0� 8UEDQ DQG DJULFXOWXUDO VRXUFHV RI S\UHWKURLG
LQVHFWLFLGHV WR WKH 6DFUDPHQWR�6DQ -RDTXLQ 'HOWD RI &DOLIRUQLD� (QYLURQ�
6FL� 7HFKQRO� ����� ��� ����±�����

��� (QVPLQJHU� 0�� .HOOH\� .� 0RQLWRULQJ 8UEDQ 3HVWLFLGH 5XQRII LQ
&DOLIRUQLD ����±����� &DOLIRUQLD (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�
&DOLIRUQLD 'HSDUWPHQW RI 3HVWLFLGH 5HJXODWLRQ� (QYLURQPHQWDO 0RQLWRULQJ
%UDQFK� 6XUIDFH :DWHU 3URWHFWLRQ 3URJUDP� 6DFUDPHQWR� &$� 5HSRUW
���� 0DUFK ����� KWWS���ZZZ�FGSU�FD�JRY�GRFV�HPRQ�SXEV�HKDSUHSV�
VWXG\B���BHQVPLQJHU�SGI�

��� 7UHQGV LQ 1XWULHQWV DQG 3HVWLFLGHV LQ WKH 1DWLRQ¶V 6WUHDPV DQG 5LYHUV� 8�6�
&RQJUHVVLRQDO %ULH¿QJ $SULO ��� ����� 86*6 ����� KWWSV���ZDWHU�XVJV�JRY�
QDZTD�KHDGOLQHV�QXWBSHVW��

��� .XLYLOD .� 0�� +ODGLN 0� /�� ,QJHUVROO� &� *�� .HPEOH� 1� (� 0RUDQ� 3� :��
&DOKRXQ '� /�� 1RZHOO� /� +� *LOOLRP� 5� -� 2FFXUUHQFH DQG SRWHQWLDO VRXUFHV
RI S\UHWKURLG LQVHFWLFLGHV LQ VWUHDP VHGLPHQWV IURP VHYHQ 8�6� PHWURSROLWDQ
DUHDV� (QYLURQ� 6FL� 7HFKQRO� ����� �� ���� ����±�����

��� 0RVTXLWR�%RUQH 'LVHDVHV� 1DWLRQDO &HQWHU IRU ,QIHFWLRXV 'LVHDVHV �1&,'��
KWWS���ZZZ�FGF�JRY�QFLGRG�GLVHDVHV�OLVWBPRVTXLWRERUQH�KWP �DFFHVVHG
0DUFK �� ������

��� 0RVTXLWR�%RUQH 'LVHDVHV� $PHULFDQ 0RVTXLWR &RQWURO $VVRFLDWLRQ� KWWS���
ZZZ�PRVTXLWR�RUJ�PRVTXLWR�ERUQH�GLVHDVHV �DFFHVVHG 0DUFK �� ������

��� %RQGV� -� $� 6� 8OWUD�ORZ�YROXPH VSDFH VSUD\V LQPRVTXLWR FRQWURO� $ FULWLFDO
UHYLHZ� 0HG� 9HW� (QWRPRO� ����� ��� ���±����

��� 3HVWLFLGH 5HJLVWUDWLRQ �35� 1RWLFH ���� ��� 8�6� (QYLURQPHQWDO 3URWHFWLRQ
$JHQF\� KWWS���ZZZ�HSD�JRY�35B1RWLFHV�SU�������SGI �DFFHVVHG 0DUFK ��
������

��� 3HVWLFLGH 5HJLVWUDWLRQ �35� 1RWLFH ������� /DEHOLQJ 6WDWHPHQWV RQ 3URGXFWV
8VHG IRU $GXOW 0RVTXLWR &RQWURO� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�
KWWS���ZZZ�HSD�JRY�35B1RWLFHV�SU������TD�KWP �DFFHVVHG 0DUFK �� ������

��� 6SUD\ 'ULIW $QDO\VLV IRU WKH (WRIHQSUR[ /DEHO $PHQGPHQW� 0HPRUDQGXP
IURP &KDUOHV 3HFN WR $QGUHZ (UWPDQ �5HJLVWUDWLRQ 'LYLVLRQ� DQG .ULVWLQ
5XU\ �+HDOWK (IIHFWV 'LYLVLRQ�� DSSURYHG E\ 0DULHWWD (FKHYDUULD� 0DUFK ���
����� DQG DVVRFLDWHG 'DWD (YDOXDWLRQ 5HFRUG� 2I¿FH RI 3HVWLFLGH 3URJUDPV�
(QYLURQPHQWDO )DWH DQG (IIHFWV 'LYLVLRQ� 8�6� (QYLURQPHQWDO 3URWHFWLRQ
$JHQF\� ���� �'3 %DUFRGH ��������

��� 6FKOHLHU� -�� ,,, 'HYHORSPHQW RI DQ (QYLURQPHQWDO )DWH 0RGHO IRU 5LVN
$VVHVVPHQW RI 8OWUD�/RZ 9ROXPH ,QVHFWLFLGHV� 'LVVHUWDWLRQ VXEPLWWHG
LQ SDUWLDO IXO¿OOPHQW RI WKH UHTXLUHPHQWV IRU WKH GHJUHH RI 'RFWRUDO RI
3KLORVRSK\ LQ (FRORJ\ DQG (QYLURQPHQWDO 6FLHQFHV� 0RQWDQD 6WDWH
8QLYHUVLW\� $SULO �����

��� 6FKOHLHU� -� -�� ,,,� 3HWHUVRQ� 5� .� '�� ,UYLQH� .� 0�� 0DUVKDOO� /� 0�� :HDYHU�
'� .�� 3UHIWDNHV� &� -� (QYLURQPHQWDO IDWH PRGHO IRU XOWUD�ORZ�YROXPH
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LQVHFWLFLGH DSSOLFDWLRQV XVHG IRU DGXOW PRVTXLWR PDQDJHPHQW� 6FL� 7RWDO
(QYLURQ� ����� ���� ��±���

��� 7XFNHU� -�� 7KRPSVRQ� &�� :DQJ� 7�� /HQDKDQ� 5� 7R[LFLW\ RI
RUJDQRSKRVSKRUXV LQVHFWLFLGHV WR HVWXDULQH FRSHSRGV DQG \RXQJ ¿VK DIWHU
¿HOG DSSOLFDWLRQV� -� )ORULGD $QWL�0RVT� $VVRF� ����� ��� �±��

��� 0RRUH� -� &�� 'XNHV� -� &�� &ODUN� -� 5�� 0DORQH� -�� +DOOPRQ� &� )�� +HVWHU� 3�
*� 'RZQZLQG GULIW DQG GHSRVLWLRQ RI PDODWKLRQ RQ KXPDQ WDUJHWV IURP
JURXQG XOWUDORZ YROXPH PRVTXLWR VSUD\V� -� $P� 0RVT� &RQWURO $VVRF�
����� �� ���±����

��� 7LHW]H� 1� 6�� +HVWHU� 3� *�� 6KDIIHU� .� 5� 0DVV UHFRYHU\ RI PDODWKLRQ LQ
VLPXODWHG RSHQ ¿HOG PRVTXLWR DGXOWLFLGH WHVWV� $UFK� (QYLURQ� &RQWDP�
7R[LFRO� ����� ��� ���±����

��� .QHSSHU� 5� *�� :DONHU� (� '�� :DJQHU� 6� $�� .DPULQ� 0� $�� =DELF� 0� -�
'HSRVLWLRQ RI PDODWKLRQ DQG SHUPHWKULQ RQ VRG JUDVV DIWHU VLQJOH� XOWUD�ORZ
YROXPH DSSOLFDWLRQV LQ VXEXUEDQ QHLJKERUKRRG LQ 0LFKLJDQ� -� $P� 0RVT�
&RQWURO $VVRF� ����� ��� ��±���

��� 7LHW]H� 1� 6�� +HVWHU� 3� *�� 6KDIIHU� .� 5�� :DNH¿HOG� )� 7� 3HULGRPHVWLF
GHSRVLWLRQ RI XOWUD�ORZ YROXPH PDODWKLRQ DSSOLHG DV D PRVTXLWR DGXOWLFLGH�
%XOO� (QYLURQ� &RQWDP� 7R[LFRO� ����� ��� ���±����

��� 6FKOHLHU� -�� ,,,� 3HWHUVRQ� 5� 'HSRVLWLRQ DQG DLU FRQFHQWUDWLRQV RI SHUPHWKULQ
DQG QDOHG XVHG IRU DGXOW PRVTXLWR PDQDJHPHQW� $UFK� (QYLURQ� &RQWDP�
7R[LFRO� ����� ��� ���±����

��� 3LHUFH� 5� +�� +HQU\� 0� 6�� %OXP� 7� &�� 0XHOOHU� (� 0� $HULDO DQG WLGDO
WUDQVSRUW RI PRVTXLWR FRQWURO SHVWLFLGHV LQWR WKH )ORULGD .H\V 1DWLRQDO
0DULQH 6DQFWXDU\� 5HY� %LRO� 7URS� ����� ��� ���±����

��� 3UHIWDNHV� &� -�� 6FKOHLHU� -� -�� ,,,� 3HWHUVRQ� 5� .� '� %\VWDQGHU H[SRVXUH
WR XOWUD�ORZ YROXPH LQVHFWLFLGH DSSOLFDWLRQV XVHG IRU DGXOW PRVTXLWR
PDQDJHPHQW� ,QW� -� (QYLURQ� 5HV� 3XEOLF +HDOWK ����� �� ����±�����

��� 0LODP� &� '�� )DUULV� -� /�� :LOKLGH� -� '� 7R[LFLW\ DQG ULVN RI SHUPHWKULQ DQG
QDOHG WR QRQ�WDUJHW LQVHFWV DIWHU DGXOW PRVTXLWR PDQDJHPHQW� (FRWR[LFRORJ\
����� ��� ����±�����

��� :HVWRQ� '� 3�� $PZHJ� (� /� 0HNHEUL� $�� /\G\� 0� -� $TXDWLF HIIHFWV
RI DHULDO VSUD\LQJ IRU PRVTXLWR FRQWURO RYHU DQ XUEDQ DUHD� (QYLURQ� 6FL�
7HFKQRO� ����� ��� ����±�����

��� =HLJOHU� (� 6DFUDPHQWR�<ROR 0RVTXLWR DQG 9HFWRU &RQWURO 'LVWULFW
3\UHWKULQ :DWHU 4XDOLW\ 0RQLWRULQJ 'DWD 6XPPDU\� 0HPRUDQGXP
IURP (ULF =HLJOHU WR *DU\ *RRGPDQ� )HEUXDU\ ��� ����� 'DYLV�
&$� 3XEOLVKHG VWXG\ FRQGXFWHG E\ /DUU\ :DONHU $VVRFLDWHV DQG
GLUHFWHG E\ WKH 6DFUDPHQWR�<ROR 0RVTXLWR DQG 9HFWRU &RQWURO 'LVWULFW�
KWWS���ZZZ�XS�SURMHFW�RUJ�GRFXPHQWV�)LQDO0HPR�DWW���������SGI
�DFFHVVHG 0DUFK �� ������

��� 6FKOHLHU� -� -�� ,,,� 3HWHUVRQ� 5� .� '� 7R[LFLW\ DQG ULVN RI SHUPHWKULQ DQG
QDOHG WR QRQ�WDUJHW LQVHFWV DIWHU DGXOW PRVTXLWR PDQDJHPHQW� (FRWR[LFRORJ\
����� ��� ����±�����

��� +ODGLN� 0� /�� .XLYLOD� .� 0� $VVHVVLQJ WKH RFFXUUHQFH DQG GLVWULEXWLRQ RI
S\UHWKURLGV LQ ZDWHU DQG VXVSHQGHG VHGLPHQWV� -� $JULF� )RRG &KHP� �����
��� ����±�����
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��� 3KLOOLSV� %� 0�� $QGHUVRQ� %� 6�� 9RRUKHHV� -� 3�� 6LHJOHU� .�� 'HQWRQ� '��
7HQ%URRN� 3�� /DUVHQ� .�� ,VRUHQD� 3�� 7MHHUGHPD� 5� 6� 0RQLWRULQJ WKH
DTXDWLF WR[LFLW\ RI PRVTXLWR YHFWRU FRQWURO VSUD\ SHVWLFLGHV WR IUHVKZDWHU
UHFHLYLQJ ZDWHUV� ,QWHJU� (QYLURQ� $VVHVV� 0DQDJH� ����� �±��

��� 5LVNV RI 3HUPHWKULQ 8VH WR WKH )HGHUDOO\ 7KUHDWHQHG &DOLIRUQLD 5HG�OHJJHG
)URJ �5DQD DXURUD GUD\WRQLL� DQG %D\ &KHFNHUVSRW %XWWHUÀ\ �(XSK\GU\DV
HGLWKD ED\HQVLV�� DQG WKH )HGHUDOO\ (QGDQJHUHG &DOLIRUQLD &ODSSHU 5DLO
�5DOOXV ORQJLURVWULV REVROHWXV�� 6DOW 0DUVK +DUYHVW 0RXVH �5HLWKURGRQWRP\V
UDYLYHQWULV�� DQG 6DQ )UDQFLVFR *DUWHU 6QDNH �7KDPQRSKLV VLUWDOLV
WHWUDWDHQLD�� 3HVWLFLGH (IIHFWV 'HWHUPLQDWLRQ� 2I¿FH RI 3HVWLFLGHV 3URJUDP�
(QYLURQPHQWDO )DWH DQG (IIHFWV 'LYLVLRQ� 8�6� (QYLURQPHQWDO 3URWHFWLRQ
$JHQF\� ����� KWWS���ZZZ�HSD�JRY�RSSIHDG��HQGDQJHU�OLWVWDWXV�HIIHFWV�
UHGOHJ�IURJ�LQGH[�KWPO�SHUPHWKULQ �DFFHVVHG 0DUFK �� ������

��� 5HVSRQVH WR 3HUPHWKULQ 5(' 3XEOLF &RPPHQWV� ()(' (FRORJLFDO 5LVN
$VVHVVPHQW DQG 0LWLJDWLRQ� 2I¿FH RI 3HVWLFLGHV 3URJUDP� (QYLURQPHQWDO
)DWH DQG (IIHFWV 'LYLVLRQ� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� ���� �'3
%DUFRGH '��������

��� 5HVSRQVH WR 3XEOLF &RPPHQWV RQ WKH ()(' 5HJLVWUDWLRQ 5HYLHZ 3UREOHP
)RUPXODWLRQ IRU 3HUPHWKULQ� 2I¿FH RI 3HVWLFLGHV 3URJUDP� (QYLURQPHQWDO
)DWH DQG (IIHFWV 'LYLVLRQ� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� ���� �'3
%DUFRGH '��������

��� ([SRVXUH DQG )DWH $VVHVVPHQW 6FUHHQLQJ 7RRO �(�)$67� 9HUVLRQ ���
'RFXPHQWDWLRQ 0DQXDO� 3UHSDUHG IRU WKH 8�6� (QYLURQPHQWDO 3URWHFWLRQ
$JHQF\� 2I¿FH RI 3ROOXWLRQ 3UHYHQWLRQ DQG 7R[LFV� 3UHSDUHG E\ 9HUVDU� ,QF��
6SULQJ¿HOG� 9$� 2FWREHU ����� KWWS���ZZZ�HSD�JRY�RSSW�H[SRVXUH�SXEV�
HIDVW�KWP �DFFHVVHG 0DUFK �� ������

��� (VWLPDWLRQV 3URJUDPV ,QWHUIDFH �(3,� 6XLWH� Y� ����� 'HYHORSHG E\ WKH
8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� 2I¿FH RI 3ROOXWLRQ 3UHYHQWLRQ DQG
7R[LFV DQG 6\UDFXVH 5HVHDUFK &RUSRUDWLRQ �65&�� KWWS���ZZZ�HSD�JRY�RSSW�
H[SRVXUH�SXEV�HSLVXLWH�KWP �DFFHVVHG 0DUFK �� ������

��� 5LVNV RI 'HOWDPHWKULQ 8VH WR )HGHUDOO\ 7KUHDWHQHG %D\ &KHFNHUVSRW
%XWWHUÀ\ �(XSK\GU\DV HGLWKD ED\HQVLV�� 9DOOH\ (OGHUEHUU\ /RQJKRUQ
%HHWOH �'HVPRFHUXV FDOLIRUQLFXV GLPRUSKXV�� &DOLIRUQLD 7LJHU 6DODPDQGHU
�$PE\VWRPD FDOLIRUQLHQVH�� &HQWUDO &DOLIRUQLD 'LVWLQFW 3RSXODWLRQ
6HJPHQW� DQG 'HOWD 6PHOW �+\SRPHVXV WUDQVSDFL¿FXV�� DQG WKH )HGHUDOO\
(QGDQJHUHG &DOLIRUQLD &ODSSHU 5DLO �5DOOXV ORQJLURVWULV REVROHWXV��
&DOLIRUQLD )UHVKZDWHU 6KULPS �6\Q FDULV SDFL¿FXV�� &DOLIRUQLD 7LJHU
6DODPDQGHU �$PE\VWRPD FDOLIRUQLHQVH� 6RQRPD &RXQW\ 'LVWLQFW 3RSXODWLRQ
6HJPHQW DQG 6DQWD %DUEDUD &RXQW\ 'LVWLQFW 3RSXODWLRQ 6HJPHQW� 6DQ
)UDQFLVFR *DUWHU 6QDNH �7KDPQRSKLV VLUWDOLV WHWUDWDHQLD�� DQG 7LGHZDWHU
*RE\ �(XF\FORJRELXV QHZEHUU\L�� 3HVWLFLGH (IIHFWV 'HWHUPLQDWLRQ� 2I¿FH
RI 3HVWLFLGHV 3URJUDP� (QYLURQPHQWDO )DWH DQG (IIHFWV 'LYLVLRQ� 8�6�
(QYLURQPHQWDO 3URWHFWLRQ $JHQF\� KWWS���ZZZ�HSD�JRY�RSSIHDG��HQGDQJHU�
OLWVWDWXV�HIIHFWV�UHGOHJ�IURJ�LQGH[�KWPO�GHOWDPHWKULQ �DFFHVVHG 0DUFK ��
������

��� &OHDU\� -� *�� 0F*UDWK� -� /DERUDWRU\ ,QYHVWLJDWLRQ RI WKH )DWH RI
3\UHWKURLG ,QVHFWLFLGHV LQ :DVWHZDWHU 7UHDWPHQW 3URFHVVHV� 8QSXEOLVKHG
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VWXG\ SHUIRUPHG E\ +'5_+\GUR4XDO� 0DKZDK� 1- DQG VXEPLWWHG E\ WKH
3\UHWKURLG :RUNLQJ *URXS� *UHHQVERUR� 1&� +'5_+\GUR4XDO 3URMHFW
,GHQWL¿FDWLRQ 3<:*�����������¶ -DQXDU\ ���� �05,' ����������

��� /RRV� 5�� &DUYDOKR� 5�� $QWyQLR� '� &�� &RPHUR� 6�� /RURFR� *��
7DUDYD]]L� 6�� 3DUDFFKLQL� %�� *KLDQL� 0�� /HWWLHUL� 7�� %ODKD� /�� -DURVRYD� %��
9RRUVSRHOV� 6�� 6HUYDHV� .�� +DJOXQG� 3�� )LFN� -�� /LQGEHUJ� 5� +��
6FKZHVLJ� '�� *DZOLN� %� 0� (8�ZLGH PRQLWRULQJ VXUYH\ RQ HPHUJLQJ
SRODU RUJDQLF FRQWDPLQDQWV LQ ZDVWHZDWHU WUHDWPHQW SODQW HIÀXHQWV� :DWHU
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The U.S. Environmental Protection Agency has developed a pyrethroid registration review risk 
assessment strategy that would assess the pyrethroids as a class with regard to ecological risks, 
rather than conducting assessments by individual chemical. The high toxicity of pyrethroids to 
aquatic animals is well established. As such, risks to aquatic animals are expected to be a dominant 

1 ERB 1 to ERB6 refers to Environmental Risk Branches 1 to 6 in EFED. 

1 



concern with currently registered uses of pyrethroids; therefore, this comparative risk assessment 
focuses on the risks to aquatic animals (although aquatic plants were also included). This 
assessment also focuses on the pyrethroids for which the Pyrethroid Working Group (PWG), a 
consortium of registrants representing a number of pyrethroids, has conducted multiple 
environmental fate and ecological effects studies, and for which ample monitoring data is 
available. These include the synthetic pyrethroids bifenthrin, cypermethrin ( cypermethrin, zeta­
cyperrnethrin, alpha-cyperrnethrin), cyfluthrin ( cyfluthrin, beta-cyfluthrin), deltamethrin, 
esfenvalerate, fenpropathrin, cyhalothrin (lambda-cyhalothrin, gamma-cyhalothrin), and 
permethrin, with the addition of the pyrethrins. 

This preliminary risk assessment (PRA) is organized in five parts, including the Tier I risk 
assessment for bees, and seven attachments as follows: 

Parts of the PRA 

Part I. Assessing Pyrethroid Releases to POTWs of Pyrethroids and Pyrethrins (DP Barcode 
D425791); 

Part II. Assessing Outdoor Residential, Commercial, Turf, and Nursery Uses of Pyrethroids 
and Pyrethrins (DP Barcode D429461); 

Part III. Assessing Agricultural Uses of Pyrethroids and Pyrethrins (DP Barcode D433338); 
Part IV. Assessing the Mosquito Adulticide Uses of Pyrethroids and Pyrethrins (DP Barcode 

D433339); 
Part V. Tier 1 Risk Assessment of Agricultural Uses of Pyrethroids and Pyrethrins for Bees 

(DP Barcode D435888). 

Attachments of the PRA 

Attachment I. Structures, CAS Numbe~s and Nomenclature of Synthetic Pyrethroids and 
Pyrethrins; 

Attachment II. Ecological Effects Summary Tables of Most Sensitive Endpoints for 
Synthetic Pyrethroids and Pyrethrins; 

Attachment III. Environmental Fate Assessments for Eight Synthetic Pyrethroids and 
Pyrethrins; 

Attachment IV. Comprehensive Aquatic Toxicity Profiles for Pyrethroids and Pyrethrins; 
Attachment V. Pyrethroid and Pyrethrin Usage Data to Support the Down the Drain 

Assessment (Memorandum by the Biological and Economic Analysis 
Division); 

Attachment VI. Pyrethroid and Pyrethrins Aquatic Incident Database Review; 
Attachment VII. Pyrethroid and Pyrethrins Pollinator Incident Database Review. 

These seven attachments are associated with DP Barcode D425791; however, they may apply 
to any part-of the PRA. 

This assessment concludes that the down-the-drain, non-agricultural outdoor, agricultural, and 
adulticide use patterns of synthetic pyrethroids and pyrethrins may result in multiple exceedances 
of acute and chronic LOCs for freshwater and estuarine/marine fish, and for freshwater and 
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estuarine/marine invertebrates, resulting in a potential reduction in survival, growth and 
reproduction to non-target aquatic animals. In general, the RQs for aquatic plants were below the 
LOCs and are considered at less risk. For further details on the conclusions of each part of the 
PRA, refer to the Executive Summary of each part attached. 

In addition to aquatic taxa, EFED also assessed Tier 1 risks of the pyrethroids and pyrethrins 
to honey bees resulting from selected agricultural uses. The Tier 1 risk assessment considers 
default (high end) exposures through direct contact and consumption of contaminated pollen and 
nectar. It is also based on effects to individual bees determined from laboratory studies. Results 
of the Tier 1 assessment indicate that the assessed uses of all pyrethroids and pyrethrins pose a 
potential risk to bees at the individual level. Additional data, such as measurement of residues in 
pollen and nectar and effects studies at the colony level, would be needed in order to refine the 
Tier 1 estimates of risk. 

As an additional line of evidence, a review of the OPP Incident Data System (IDS) which now 
incorporates the Ecological Incident Information System (EIIS) database was conducted. The IDS 
and EIIS databases contained numerous aquatic and pollinator incidents for the pyrethroids and 
pyrethrins. The number of reports listed in the EIIS database is believed to be only a small fraction 
of the total incidents involving non-target organism mortality and damage caused by pesticides. 
These incidents appear to support the findings of the PRA. 
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Part I. Assessing Pyrethroid Releases to POTWs 
 

1 Executive Summary 

1.1 Purpose 
 

The preliminary risk assessment (PRA) examines the potential ecological risks 
associated with labeled uses of a pesticide, based on the best available scientific and 
commercial information on the use, environmental fate and transport, and effects of the 
chemical on non-target organisms.  The U.S. Environmental Protection Agency (U.S. EPA, 
USEPA, EPA, or the Agency) has developed a pyrethroid registration review risk 
assessment strategy that will assess the pyrethroids as a class with regard to ecological 
risks, rather than conducting assessments by individual chemical. The toxicity of 
pyrethroids to aquatic animals is well established, and expected to drive the risk 
conclusions; therefore the single, streamlined assessment will focus on the risks to aquatic 
organisms.  The assessment focuses on the pyrethroids for which the Pyrethroid Working 
Group (PWG), a consortium of registrants representing a number of pyrethroids, has 
conducted multiple studies and for which there is ample monitoring data.  These include 
bifenthrin, cypermethrin, cyfluthrins, deltamethrin, esfenvalerate, fenpropathrin, 
cyhalothrins, and permethrin, with the addition of the pyrethrins.  With refinements, this 
approach is intended to cover all of the pyrethroids currently undergoing registration 
review. The assessment will be organized according to the use categories of indoor down-
the-drain, outdoor residential, agricultural, and wide area mosquito adulticide uses.  Part I 
of the comparative assessment deals with assessing pyrethroids and pyrethrins indoor 
down-the-drain releases to/from POTWs.1 
 

1.2 Risk Conclusions 
 

This comparative PRA examines the potential ecological risks associated with labeled 
uses of the insecticides bifenthrin, cypermethrin, cyfluthrins, deltamethrin, esfenvalerate, 
fenpropathrin, cyhalothrins, permethrin, and the pyrethrins, based on the best available 
scientific and commercial information on the use, environmental fate and transport, and 
ecological effects of these chemicals on non-target aquatic animals.  This section of the 
PRA deals solely on the potential exposure from indoor down-the-drain releases to, and 
subsequently from, wastewater treatment plants (WWTPs) and/or publicly owned 
treatment works (POTWs) to freshwater and estuarine/marine bodies of water.2 

 
The pyrethrins and synthetic pyrethroids are highly hydrophobic compounds, showing 

low solubility in water.  Their octanol/water partition coefficients (KOW’s) for the 
pyrethroids are high.  For example, the range of Log KOW values across chemicals, from 
                                                 
1 Portions of this PRA are based on, or are citations from Shamim, et al., 2014. 
2 Fenpropathrin, beta-cyfluthrin, alpha-cypermethrin, and tefluthrin, four of the chemicals supported by the 

PWG, do not have any down-the-drain uses. 
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Laskowski (2002) is 4.53 – 7.00; however, in a recently submitted study the range is even 
higher (6.40 – 7.48; MRID 49314702).  Based on these properties, there would be a 
potential to bioconcentrate in fish tissue; however, their fish bioconcentration factors 
(BCFs) for the majority of these compounds are lower than would be predicted based on 
KOW alone.  It appears that these compounds undergo metabolism in fish tissue and, with 
certain exceptions, undergo relatively rapid depuration.  The pyrethroids and pyrethrins, 
show high organic carbon partition coefficients KOCs in laboratory experiments, suggesting 
a high tendency to sorb with organic carbon in soil, water and sediments and dissolved 
organic carbon, or particulate matter in the water environment.  A comprehensive review 
about the physicochemical and environmental fate properties of several pyrethroids was 
published in 2002 (Laskowski, 2002).  Since then, during the Registration Review process, 
new environmental fate studies were requested and submitted to the Agency.  Given that 
the results of the environmental fate studies are not used in modeling POTW releases of 
pesticides (other than the optional fish bioconcentration factor (BCF)), no further fate 
discussion will be provided in this first part of the comparative assessment. 

 
In order to address the issue of releases to domestic wastewater, the Office of Pesticide 

Programs’ (OPP) Environmental Fate and Effects Division (EFED) relied on the consumer 
exposure model, Exposure and Fate Assessment Screening Tool (E-FAST 2014) that was 
developed for assessing industrial chemicals in EPA’s Office of Pollution Prevention and 
Toxics (USEPA 2015b).  For further information about the model, refer to Section 5.3. 

 
Synthetic pyrethroids and pyrethrins can be characterized as very highly toxic to 

freshwater and estuarine/marine fish and invertebrates on an acute basis (i.e., LC50 or EC50 
are <0.1 mg/L).  Freshwater fish appear to be generally more sensitive to pyrethroids and 
pyrethrins than estuarine/marine fish on an acute and chronic basis.  In general, freshwater 
invertebrates appeared to be more sensitive to pyrethroids than estuarine/marine 
invertebrates on an acute basis (cyfluthrin is an example of an exception).  Meanwhile, on 
a chronic basis, there is no clear trend in the comparison of freshwater and estuarine/marine 
invertebrates.  Aquatic invertebrates (freshwater and estuarine/marine) are usually orders 
of magnitude more sensitive to pyrethroids and pyrethrins than fish (freshwater and 
estuarine/marine). 

 
Risk determinations for the indoor down-the-drain uses of pyrethroid and pyrethrins 

are summarized in Table 1.  The assessment concludes that the use of bifenthrin, 
cypermethrin, cyfluthrins, deltamethrin, esfenvalerate, cyhalothrins, and permethrin, plus 
the pyrethrins, in accordance with registered labels, results for acute and/or chronic risk 
Levels of Concern (LOCs) exceedances for freshwater and estuarine/marine invertebrates, 
from the indoor down-the-drain exposure to POTWs which in turn result in releases to 
bodies of water.  Additionally, it results in acute risk LOC exceedances for freshwater fish 
for bifenthrin, lambda-cyhalothrin, cypermethrin and esfenvalerate, plus chronic risk LOC 
exceedances to freshwater fish for bifenthrin.  There are no potential acute or chronic risk 
LOC exceedances for estuarine/marine fish from the down-the-drain uses for bifenthrin, 
cypermethrin, cyfluthrin, deltamethrin, esfenvalerate, lambda-cyhalothrin, permethrin, and 
the pyrethrins.  Since it has no residential indoor down-the-drain uses, for fenpropathrin 
there is no potential risk to freshwater or estuarine/marine aquatic animals.  The reader is 
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directed to the risk characterization section for further details about risk estimation (i.e., 
risk quotients) and risk description (Sections 7.1 and 7.2, respectively). 

 
 

Table 1.  Summary of Risk Determinations for Down-the-Drain Uses of Pyrethroids and 
Pyrethrins for Freshwater and Estuarine/Marine Fish and Invertebrates 

Chemical 
 

LOC Exceedances1 

FW Fish E/M Fish FW 
Inverts 

E/M 
Inverts 

A
cu

te
 

C
hr

on
ic
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cu

te
 

C
hr

on
ic

 

A
cu

te
 

C
hr

on
ic

 

A
cu

te
 

C
hr
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ic

 

Bifenthrin X X   X X X X 
Cyfluthrin     X X X X 
Lambda-Cyhalothrin X    X X X X 
Cypermethrin X    X X X X 
Deltamethrin     X X X X 
Esfenvalerate X    X X X X 
Fenpropathrin n/a2 n/a2 n/a2 n/a2 n/a2 n/a2 n/a2 n/a2 
Permethrin     X X X X 
Pyrethrins     X X X  

1 A light shaded and italics “X” means it exceeds the listed species LOC.  A dark shaded and bolded “X” 
represents LOC exceedances of the listed species and non-listed species LOCs. 

2 n/a = There are no applicable down-the-drain uses for fenpropathrin. 
 

1.3 Data Gaps and Uncertainties 
 

For details about the uncertainties in this assessment, refer to Section 7.2.6 of the Risk 
Description.  In short, the uncertainties lie in the following four major categories: 

i. Uncertainties in the usage information, which provided high end usage based on 
adjustment factors.  The usage information was provided by the Biological and 
Economic Analysis Division (BEAD).  For esfenvalerate production volume was 
available from the registrant, and these estimates were also high end values. 

ii. Uncertainties in the wastewater treatment plant removal efficiencies, which are 
based on EPI Suite modelling. 

iii. Uncertainties related to the E-FAST 2014’s Down-the-Drain (DtD) module, which 
assumes no degradation or partitioning on its way to the treatment plant or in the 
body of water.  Comparison of modelled and maximum monitored concentrations 
from California POTWs shows similar concentrations, within an order of 
magnitude (with the exception of permethrin). 

iv. Ecological effects data gaps and uncertainties. 
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2 Introduction 
 

In the context of ecological risk assessment of conventional pesticides at USEPA, the 
issue of household wastewater releases of pesticides was first raised by public stakeholders 
from California during the Re-registration Eligibility Decision (RED) process of the 
pyrethroid insecticide permethrin (USEPA 2006).  Concerns were raised that clothes 
pretreated with permethrin may cause adverse water quality impacts due to releases to 
POTWs when washed and result in subsequent discharges to receiving waters by POTWs.  
It is noteworthy that potential releases of antimicrobial pesticides to POTWs have routinely 
been considered in OPP environmental risk assessments due to their widespread use in 
consumer care products that result in substantive ‘down the drain’ (DtD) releases (e.g., 
antibacterial ingredients in hand soaps).  In contrast, this issue is relatively new for 
conventional pesticides where exposure from outdoor uses has traditionally been assumed 
to dominate environmental risk concerns.  Monitoring data described later in this section 
indicates that for some pesticides, releases to (and from) POTWs may be significant to the 
extent that this exposure pathway requires consideration in USEPA environmental risk 
assessments.  More recently as part of OPP’s pesticide Registration Review process, the 
aforementioned concerns were echoed and additional concerns were identified regarding 
the potential for environmental exposure to pesticides resulting from their sorption onto 
biosolids and subsequent biosolid application to land (USEPA 2011a). 

 
Part I of the combined ecological risk assessment summarizes the currently available 

information regarding pyrethroid and pyrethrins pesticide releases to POTWs in the U.S. 
and approaches being considered for evaluating these exposure pathways in OPP’s 
“Preliminary Comparative Environmental Fate and Ecological Risk Assessment for the 
Registration Review of Eight Synthetic Pyrethroids and Pyrethrins.”  It also discusses 
sources and pesticide uses associated with releases to POTWs.  Following this, a 
description of approaches and data that are being used to model the fate of these releases 
in POTWs is provided.  Furthermore, a summary of available monitoring data which have 
been generated specifically to characterize potential pyrethroid exposure to and from 
POTWs is provided.  Additionally, aquatic toxicological endpoints for the pyrethroids and 
pyrethrins assessed are discussed.  In the risk estimation section of the risk characterization, 
the risk quotient method is used to characterize the risk of pyrethroids reaching POTW 
effluents.  This is followed by the risk description, where data available about monitoring, 
and other lines-of-evidence are integrated. 

 
It should be noted that this part of the combined Pyrethroid and Pyrethrins Ecological 

Risk Assessment is focused solely on so called “down-the-drain” (DtD) releases leading to 
POTW exposure, and only on risk to aquatic organisms, which have been found to be the 
most sensitive receptors in previous pyrethroid ecological risk assessments.  Even though 
concerns related to DtD releases from POTW facilities have been issued by stakeholders 
mainly from the state of California, this assessment is national in scope. 
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3 Problem Formulation 
 

The Problem Formulation provides a strategic framework for the risk assessment.  It 
sets the objectives for the risk assessment and provides a plan for analyzing the data and 
characterizing the risk (USEPA 1998).  By identifying the important components of the 
risk assessment process, it focuses the assessment on the most relevant ecological receptors 
(species), chemical properties, exposure routes, and endpoints.  The structure of this risk 
assessment is based on guidance contained in U.S. EPA’s Guidance for Ecological Risk 
Assessment (USEPA 1998) and is consistent with procedures and methodology outlined in 
the Overview Document (USEPA 2004). 

 

3.1 Pesticide Class, Type and Mode of Action 
 

 “Pyrethrum is a preparation of dried Chrysanthemum cinerariaefolium and/or 
Chrysanthemum cineum flower heads that contains the six insecticidally active chemicals 
known as pyrethrins. Each of the six naturally-occurring pyrethrins is comprised of a 
cyclopropane-carboxylic acid group and a cyclopentenolone (alcohol) group joined by an 
ester linkage… The various synthetic pyrethroid analogues are generally similar in 
structure to the pyrethrins, although there are some deviations from the basic 
chrysanthemic acid ester structure…”  (Source: Spurlock and Lee, 2008). 

 
It should be noted that the pyrethrins are natural insecticides, while other pyrethroids 

are synthetic compounds that mimic the pyrethrins backbone structure that is shown in 
Figure 1.  The natural pyrethrins consist of two groups of chemicals: cinerin 1, jasmolin 1 
and pyrethrin 1 comprise the Pyrethrins I; further, cinerin 2, jasmolin 2 and pyrethrin 2 
comprise the Pyrethrins II.  Consistent with past assessments, the structure of pyrethrin 1, 
which is one of the pyrethrins, will be used in this assessment to represent all the pyrethrins. 
 

 
R = -CH4 (for cinerin), -CH3CH4 (for jasmolin) or -CH=CH2 (for pyrethrin) 

R’= -CH3 (for pyrethrins I) -CO2CH4 (for the pyrethins II) 

Figure 1. The general structure and stereochemistry of the pyrethrins 
 
“The first commercial photostable synthetic pyrethroid based on this approach was 

permethrin, synthesized in the early 1970s.  Permethrin is still the most widely used 
synthetic pyrethroid in California today.  While various photostable synthetic pyrethroids 
have since been developed based on different structural modifications to the basic 
chrysanthemate ester moiety, the halogenated vinylcyclopropylcarboxylates are among the 
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most important in agriculture today, and include the various cypermethrins, cyfluthrins, 
and cyhalothrins…”  (Source: Spurlock and Lee (2008)) 

 
Synthetic pyrethroids are classified as Type I and Type II, based on the alpha-carbon 

substitution.  Type II pyrethroids are substituted with a cyano moiety (-C≡N) in the alpha-
carbon (or alcohol carbon).  Generally, Type II pyrethroids demonstrate increased activity, 
compared to Type I pyrethroids.  Type I synthetic pyrethroids include for example 
bifenthrin and permethrin. Type II pyrethroids include cypermethrin, cyfluthrin, 
deltamethrin, esfenvalerate, fenpropathrin and lambda-cyhalothrin.  Many of the 
pyrethroids have stereoisomers, based on the presence of asymmetric carbons, or of 
cis/trans isomers, that may be enriched to enhance their insecticidal activity (e.g., alpha-
cypermethrin, zeta-cypermethrin, gamma-cyhalothrin and beta-cyfluthrin). 

 
Pyrethrins and synthetic pyrethroids are neurotoxic insecticides acting through direct 

contact and ingestion.  The insecticidal effect of pyrethroids is characterized by a rapid 
“knock down,” or paralysis, of insects.  All pyrethroids act as axonic poisons, affecting 
both the peripheral and central nervous systems, and share similar modes of action.  The 
primary biological effects of pyrethroids on insects and vertebrates reflect an inhibition of 
the correct firing of neurotransmitter delivery signals from one cell to another via nerve 
membrane inhibition of the voltage-gated Ca2+ (calcium ion) channels coupled with a 
stimulatory effect on the voltage-gated Na+ (sodium ion) channels. 

 
It is well established that severe neurological symptoms of poisoning with pyrethroids 

in mammals and insects are the result of modification of the Na+ channels activity (cellular 
pores through which Na+ ions are permitted to enter the axon to cause excitation) 
(Matsumura, 1985).  Advanced electrophysiological experiments using voltage clamp and 
patch clamp, together with ligand-binding and ionic flux experiments, have unveiled 
unique actions of pyrethroids of keeping the Na+ channel in the open state for an extremely 
long period, sometimes as long as several seconds. This modification of Na+ channel 
properties leads to hyperactivity of the nervous system.  This action leads to spontaneous 
depolarizations, augmented neurotransmitter secretion rate and neuromuscular block, 
which ultimately results in paralysis of the insect. 

 
Pyrethroids have also been shown to suppress GABA and glutamate receptor-channel 

complexes and voltage-activated Ca2+ channels, but the toxicological significance of these 
actions is uncertain.  As indicated above, relative to physiological responses, researchers 
have designated two types of pyrethroids, Type I and Type II.  Usually, Type II pyrethroids 
demonstrate increased activity, compared to Type I pyrethroids.  Type I pyrethroids action 
is mainly associated with compounds that cause nerve excitation symptoms typified by the 
appearance of repetitive firing of axons in the peripheral nervous system and a negatively 
correlated temperature reversible knockdown property (Clark & Matsumura, 1987). 

 
A brief discussion about relevant environmental fate properties of the pyrethroids is 

provided in the Risk Conclusions section (Section 1.2).  Further detail about the fate of 
these pyrethroids and pyrethrins will be provided in a subsequent part of the comparative 
preliminary risk assessment.  The table in the Attachment I provides the nomenclature 
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(common names, chemical names), CAS numbers, as well as structures of the pyrethroids 
and pyrethrins involved in this assessment.  Please, refer to the Attachment III for detailed 
environmental fate assessments for eight individual synthetic pyrethroids which are 
supported by PWG plus pyrethrins. 
 

3.2 Conclusions from Previous Down the Drain Assessments 
 

EFED has conducted previous down the drain risk assessments for the natural 
pyrethrins and for the pyrethroids permethrin and deltamethrin.  For permethrin and 
pyrethrins, the risks to estuarine/marine species was not previously assessed, since the 
model used for these assessments is based on freshwater receiving bodies of water of the 
POTW effluents (e.g., rivers or ponds).  Later, EFED started assessing estuarine/marine 
organisms, to get RQs assuming that the receiving bodies of water behave similar to 
freshwater bodies of water. 

 
In 2008 EFED conducted an endangered species assessment for permethrin, for the 

California red legged frog and a number of other threatened or endangered species (USEPA 
2008).  The EECs were based on three levels of removal and three sets of RQs were 
calculated.  There were exceedances of acute and/or chronic LOCs for freshwater fish and 
invertebrates.  There were no LOC exceedances for non-vascular plants.  Estuarine/marine 
species were not included in this assessment. 

 
Additionally, in the Problem Formulation for Registration Review of Pyrethrins 

(December 1, 2011, DP Barcode D391619), a preliminary down-the-drain assessment was 
conducted, in order to assess the need for a POTW treatability study.  Based on the 
available data and results, there were no exceedances of LOCs for freshwater fish and 
invertebrates.  Estuarine/marine species were not included in the assessment.  Based on 
these results, no POTW treatability study was required. 

 
More recently in 2013, an endangered species assessment was conducted for a number 

of threatened and endangered species in California for deltamethrin uses in sewage systems 
(USEPA 2013).  There were no exceedances of LOCs for both freshwater and 
estuarine/marine fish and for vascular and non-vascular plants.  However, there were 
exceedances of LOCs for freshwater and estuarine/marine invertebrates. 
 

3.3 Overview of Pesticide Uses that Lead to POTW Exposure 
 
In response to the concerns raised by the public regarding the potential release of 

conventional pesticides to POTWs, OPP has reviewed indoor uses of conventional and 
antimicrobial pesticides and identified those that present a high potential for “down the 
drain” (referred to as DtD) releases.  For a table or chart describing these uses, comparing 
EFED and AD uses is provided in the Appendix B.  Generally, these include pesticidal 
treatments of fabric, clothing and carpets, pet shampoos, and drains with hydrologic 
connections to sewer systems.  In the past, selected uses in greenhouses have been 
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evaluated in the context of pesticide releases to both POTWs (assuming connectivity with 
sewer systems) and surface waters through direct discharge to bodies of water.  More 
recently, analysis of these uses shows that they are less likely to lead to exposure to POTWs 
in most instances.  Therefore, they are not being considered as exposure pathways of 
potential concern in current and forthcoming environmental risk assessments by OPP. 

 
For pyrethroids supported by the PWG, and pyrethrins, there are a number of sources 

that were identified by the Pesticide Re-evaluation Division (PRD) to have a potential to 
end up “down-the-drain” and consequently in wastewater treatment plant influent and 
subsequently effluent.  These are detailed in Table 4 (Section 5), and they include uses 
such as carpet treatments, certain pet uses, and treated clothing/impregnated fabrics among 
others.  For additional information and details about use and usage of pyrethroids, refer to 
Section 5. 
 

3.4 Conceptual Model 
 

For a pesticide to pose an ecological risk, it must reach ecological receptors in 
biologically significant concentrations.  An exposure pathway is the means by which a 
pesticide moves in the environment from a source to an ecological receptor.  For an 
ecological pathway to be complete, it must have a source, a release mechanism, an 
environmental transport medium, a point of exposure for ecological receptors, and a 
plausible route of exposure.  The conceptual model is intended to provide a written 
description and visual representation of predicted relationships between pyrethroids or 
pyrethrins, potential routes of exposure, and the effects related to the Agency assessment 
endpoints.  The conceptual model consists of two major components: the risk hypotheses 
and a conceptual diagram (USEPA 1998). 
 

3.4.1 Risk Hypothesis 
 

Risk hypotheses are specific assumptions about potential adverse effects (i.e., changes 
in assessment endpoints) and may be based on theory and logic, empirical data, 
mathematical models, or probability models (USEPA 1998).  For this assessment, the risk 
is stressor-initiated, where the stressor is the release of pyrethrins and pyrethroids into the 
environment.  The following risk hypothesis is presumed for this assessment: 

 
Pyrethroids and pyrethrins, when used indoors, in accordance with current labels, may 
result in off-site movement of the compound via wash-off into surface waters via drains 
and municipal wastewater treatment plants, leading to exposure of nontarget aquatic 
plants and animals.  This potential exposure pathway may result in adverse effects 
upon the survival, growth, and/or reproduction of non-target aquatic animals, but not 
to non-target aquatic plants. 

 
This risk assessment will evaluate the aforementioned risk hypothesis and determine if 

it is supported by the risk conclusions. 
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3.4.2 Conceptual Diagram 
 

The conceptual model for potential risks of pyrethroids and pyrethrins to aquatic 
organisms for various indoor uses of the chemical that could potentially end up in a 
domestic wastewater “drain” is depicted in Figure 2.  The stressor is the chemical of 
concern (pyrethroids and pyrethrins).  It is noted that the transport pathway is wastewater 
flow, the exposure media is the treatment facility that discharges into a surface water body, 
where it may undergo dilution.  The exposure route, receptor and possible attribute changes 
for aquatic organisms are similar to the ones in the conceptual model for conventional 
agricultural applications.  The receptors are aquatic plants and aquatic animals (vertebrates 
and invertebrates).  However, based on their toxicity profile, it is believed that aquatic 
plants are at lower risk than aquatic animals. 
 

 
Figure 2.  Conceptual diagram for potential risks of pyrethrins and pyrethroids to aquatic 
organisms for various indoor uses of the chemical that could potentially end up in the “drain”. 
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4 Analysis Plan 
 

The primary method used to assess risk in this assessment is the risk quotient (RQ) and 
follows closely methods outlined in the EPA Overview Document (USEPA, 2004).  The 
RQ is the risk value for the assessment and is the result of comparing measures of exposure 
to measures of effect.  A commonly used measure of exposure is the estimated 
environmental exposure concentration (EEC), and commonly used measures of effect 
include toxicity values such as the median lethal dose to 50% of the organisms tested 
(LD50), median lethal concentration to 50% of tested organisms (LC50), the no observed 
adverse effect level (NOAEL), and the no observed adverse effect concentration 
(NOAEC).  The resulting ratio of the point estimate of exposure (EEC) and the point 
estimate of toxicity, i.e., the RQ, is then compared to a specified level of concern (LOC), 
which represents a threshold for concern; if the RQ exceeds the LOC, risks concerns are 
triggered. Risk presumptions, along with the corresponding RQs, equations, and LOCs are 
summarized in Section 7 and Appendix B of this assessment. 
 

4.1 Measures of Exposure 
 

In order to address the issue of releases to domestic wastewater, OPP has relied on the 
consumer exposure model, Exposure and Fate Assessment Screening Tool (E-FAST 2014) 
that was developed for assessing industrial chemicals in EPA’s Office of Pollution 
Prevention and Toxics (USEPA 2015a).3  The ‘Down-the-Drain’ module of E-FAST 2014 
is specifically designed to address sources of a chemical that could potentially be disposed 
into domestic wastewater from a DtD application.  For more information about calculations 
by the model, see Section 5.3 (Modeling Approach).  The E-FAST 2014 model estimates 
a pesticide concentration in surface water.  A pesticide concentration in pore-water and 
sediment is not calculated and this assessment focuses on risk to organisms in the water-
column.  Besides modeling, available monitoring data on certain pyrethroids will also be 
used, for comparison purposes. 
 

4.2 Measures of Effects 
 

Measures of ecological effects are obtained from a suite of registrant-submitted 
guideline studies conducted with a limited number of surrogate species. The test species 
are not intended to be representative of the most sensitive species but rather were selected 
based on their ability to thrive under laboratory conditions. Measures of effect are based 
on deleterious changes in an organism as a result of chemical exposure. Functionally, 
measures of effect typically used in risk assessments include changes in survival, 
reproduction, or growth as determined from standard laboratory toxicity tests. The focus 

                                                 
3 The current version of E-FAST is 2014, which has the same graphical user interface than version 2.0.  The 

user’s manual is the same for both versions and it is dated 2007.  It is available at the following site accessed 
08/05/2016: https://www.epa.gov/tsca-screening-tools/e-fast-exposure-and-fate-assessment-screening-
tool-version-2014. 

https://www.epa.gov/tsca-screening-tools/e-fast-exposure-and-fate-assessment-screening-tool-version-2014
https://www.epa.gov/tsca-screening-tools/e-fast-exposure-and-fate-assessment-screening-tool-version-2014
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on these effects for quantitative risk assessment is due to their clear relationship to higher-
order ecological systems such as populations, communities, and ecosystems.  Monitoring 
data such as adverse effect incident reports may also be used to provide supporting lines of 
evidence for the risk characterization.  Due to the nature of ecological incident reporting, 
absence of incidents cannot be construed with absence of incidents.  In addition, effects 
other than survival, reproduction, and growth may be considered, rarely are they used 
quantitatively to estimate risks since, in many cases, the relationship between these effects 
and higher-order processes is uncertain.  
 

Laboratory-derived toxicity values include estimates of acute mortality (e.g., LC50) and 
estimates of effects due to longer term, chronic exposures (e.g., NOAEC, NOAEL).  The 
latter can reflect changes seen in mortality, reproduction, or growth.  In general, for a given 
assessment endpoint, the lowest (i.e., most sensitive) relevant measure of effect is used in 
estimating the RQ.  Examples of assessment endpoints and their respective measures of 
effect are listed in Table 2 below. 

 
Table 2.  Summary of measures of exposure and effect for assessing the environmental risk 
of the proposed down-the-drain uses of pyrethroids and pyrethrins 

Assessment Endpoint Measure of Exposure Measure of Effect 
3. Survival and 
reproduction of individuals 
and communities of 
freshwater fish1 and 
invertebrates. 
 
 
 
 
4.  Survival and 
reproduction of individuals 
and communities of 
estuarine/marine fish and 
invertebrates. 
 
 
 
 
 
7. Maintenance and growth 
of individuals and 
populations of aquatic 
vascular and non-vascular 
plants 

Acute and chronic 
surface water EEC2 

 
 
 
 
 
 
 
Acute and chronic 
surface water EEC2 

 
 
 
 
 
 
 
 
Acute surface water 
EEC2 

3a. Most sensitive freshwater vertebrate acute 
LC50 
3b. Most sensitive freshwater vertebrate 
chronic NOAEC and LOAEC 
3c. Most sensitive freshwater invertebrate 
acute LC50 or EC50 
3d. Most sensitive invertebrate chronic 
NOAEC and LOAEC 
 
4a. Most sensitive estuarine/marine vertebrate 
acute LC50 
4b. Most sensitive estuarine/marine vertebrate 
chronic NOAEC and LOAEC 
4c. Most sensitive estuarine/marine 
invertebrate acute LC50 or EC50 
4d. Most sensitive estuarine/marine 
invertebrate chronic reproduction NOAEC 
and LOAEC 
 
7a. Vascular plant EC50 values based on yield 
and growth rate 
7b. Nonvascular plant EC50 values based on 
cell density, growth rate, and biomass 

LD50 = Lethal dose to 50% of the test population; NOAEC = no-observed adverse effect concentration; 
LOAEC = lowest-observed adverse effect concentration; LC50 = lethal concentration to 50% of the test 
population; EC50/25 = effect concentration to 50/25% of the test population. 
1 According to EFED risk assessment guidance, freshwater fish may be used as surrogates to aquatic phase 

amphibians 
2 Based on stream flow SF1Q10 (acute) and SF7Q10 (chronic), 10th percentile, and stream dilution factor of 1.00 

(refer to Section 5.C for further details about these stream flows and stream dilution factor). 
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5 Exposure Assessment 

5.1 Pesticide Sources to POTWs 
 

As outlined in Section 3.3 (Overview of Pesticide Uses that Lead to POTW Exposure), 
OPP reviewed all indoor uses of conventional pesticides and identified those that present a 
high potential for “down the drain” releases.  These are tabulated in the Appendix B. 
(Identification of Pesticides of Concern Likely to End Up in POTWs).  These uses are 
therefore being considered as exposure pathways of potential concern in current and 
forthcoming environmental risk assessments by OPP. 

 
A number of indoor pesticide uses are considered to have lower potential for 

substantive releases to POTWs based on labeled uses.  These include labeled applications 
of indoor foggers, baits, crack and crevice treatment, and bed and mattress treatments 
where a hydrological connection to sewer systems is considered highly unlikely or at most, 
rare.  Considerable attention has placed on the use of ‘spot on’ treatments for pets (e.g., 
flea and tick control) as well as insecticide-impregnated collars.  With spot on treatments, 
it is expected (and advised on some pesticide labels) that shampooing soon after application 
of spot on treatments would reduce the efficacy of such treatments, and those would not be 
cost effective and are discouraged.  Regarding pet collars, the potential substantive releases 
to POTWs are considered low based on their expected slow release rate of pesticides from 
the collars. 
 

It is important to note that the pesticide uses identified in Appendix B do not represent 
all potential sources of pesticide input to POTWs. Rather, they represent those uses that 
are currently being assessed as part of DtD modeling in OPP environmental risk 
assessments.  For example, pesticides may potentially be released by industrial discharges 
to POTWs from pesticide manufacturers.  However, such releases are subject to regulation 
under other environmental statutes and regulatory programs (e.g., state and federal 
pretreatment programs under the authority of the Clean Water Act), and not under FIFRA.  
It is recognized that certain outdoor residential uses of pesticides may contribute to 
pesticide loadings to storm water systems which are connected to POTWs. Modeling of 
outdoor residential use of pesticides in OPP environmental assessments is presently 
focused on direct loadings to surface water.  Information from the open literature suggests 
that some POTWs may experience greater flow during wet weather events even when 
direct connections to storm water inputs are not apparent (Weston and Lydy, 2010).  
Presumably, such inputs represent groundwater intrusion and/or fugitive inputs from storm 
water runoff.  For these and other sources of pesticides to POTWs unaccounted for in 
Appendix B, OPP is relying on targeted monitoring data to ascertain inputs to and 
discharges from POTWs. 

 
As a next step, all the indoor uses of the synthetic pyrethoids and pyrethrins were 

investigated, in order to distinguish which ones would lead to “down-the-drain” exposure 
(Table 3).  This would allow for the identification of specific uses likely to lead to exposure 
through POTWs.  This identification and evaluation was performed using OPPIN (an 
internal database of submitted data), as the first source of information, followed by 
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inspection and confirmation with product labels. 
 
Table 3. Universe of Indoor Uses for the Pyrethroids Supported by PWG and Pyrethrins 
(Includes Both Down-the-Drain Uses and Less Likely to End Up in Drains1) 

Active Ingredient All Indoor Uses 

Bifenthrin 
Crack and crevice, bed frames, box springs, walls, floors, spot 
treatments, fogger, aerosol, spray (surface and space), pet bedding, 
carpets, drains, greenhouse, bedding 

Cyfluthrin Crack and crevice, walls, floors, spot treatments, fogger, aerosol, 
spray (surface and space), drainage systems, carpet edges 

Beta-cyfluthrin Crack and crevice, walls, floors, spot treatments, spray (surface and 
space) 

Lambda-cyhalothrin Pet bedding, edges of carpets, upholstery, storm drains, sewers, 
greenhouse, drains 

Gamma-cyhalothrin 

Crack and crevice, bed frames, box springs, mattress, walls, floors, 
spot treatments, aerosol, spray (surface and space), pet bedding, 
edges of carpets, upholstery, storm drains, sewers, greenhouse, 
drains 

Cypermethrin 
Crack and crevice , walls, floors, fogger, aerosol, spray (surface and 
space), draperies, drains, upholstered furniture, pet bedding, rugs/ 
carpets, swimming pool areas 

Alpha-cypermethrin None 

Zeta-cypermethrin 
Crack and crevice, bed frames, box springs, mattress, walls, floors, 
spot treatments, fogger,  aerosol, spray (surface and space), drain 
pipes/drain/plumbing installations, rugs/carpets, greenhouse 

Deltamethrin 
Crack and crevice, bed frames, box springs, mattress, walls, floors, 
pet collar, aerosol, spray (surface and space), furniture, drains, rugs/ 
carpets 

Esfenvalerate 
Crack and crevice, walls, floors, bed frames, box springs, mattress, 
fogger, spray (surface and space), pet bedding, drain system 
treatments, carpet treatments, furniture, drains 

Fenpropathrin None 

Permethrin 

Crack and crevice, bed frames, box springs, walls, floors, spot 
treatments, pet collar, fogger, aerosol, spray (surface and space), dog 
spray or dip, treated clothing/impregnated fabric, rugs/carpets, 
greenhouses, upholstery, clothing, bedding pet/human, furniture, 
drapes, sewage and sewer or drain pipe, swimming pool areas 

Pyrethrins 

Crack and crevice, bed frames, box springs, walls, floors, fogger, 
aerosol, spray (surface and space), pet and human bedding, 
upholstery/sofas/chairs, clothing, surface application to rugs/carpet 
and drapes, carpet edges (bedbugs), pet shampoos/dusts/sprays, 
sewer lines, swimming pool areas 

1 Bolded and italics uses are believed to have a higher potential to lead to down-the-drain exposure. 
 
For pyrethroids supported by the Pyrethroid Working Group and pyrethrins, there are 

a number of sources that were specifically identified by the EFED and PRD to have a 
potential to end up “down-the-drain” and consequently in wastewater treatment plant 
influent and subsequently effluent.  These are detailed in Table 4.  Note that for beta-
cyfluthrin, alpha-cypermethrin and fenpropathrin no DtD uses were identified. 
 
Table 4. Down-the-Drain Uses for the Pyrethroids Supported by PWG and Pyrethrins 

Active Ingredient Down-the-Drain Uses 
Bifenthrin Pet bedding, carpets, drains, bedding 
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Active Ingredient Down-the-Drain Uses 
Cyfluthrin Drainage systems, carpet edges 
Beta-cyfluthrin None 
Lambda & gamma cyhalothrin Pet bedding, edges of carpets, upholstery, sewers, drains 
Cypermethrin Draperies, drains, upholstered furniture, pet bedding, rugs/carpets 
Alpha-cypermethrin None 
Zeta-cypermethrin Drain pipes/drain/plumbing installations, rugs/carpets 
Deltamethrin Drains, rugs/carpet 
Esfenvalerate Pet bedding, drain system treatments, carpet treatments, drains 
Fenpropathrin None 

Permethrin 
Dog spray or dip, treated clothing/impregnated fabric, rugs/carpets, 
upholstery, clothing, bedding pet/human, drapes, sewage and sewer or 
drain pipe 

Pyrethrins 
Pet and human bedding, upholstery/sofas/chairs, clothing, surface 
application to rugs/carpet and drapes, carpet edges (bedbugs), pet 
shampoos/dusts/sprays, sewer lines 

 

5.2 Production Volume/Usage Information for Pyrethroids and 
Pyrethrins 

 
In lieu of a production volume, which is usually provided by the registrant(s), the 

Biological and Economic Analysis Division (BEAD) provided usage information for 
several synthetic pyrethroids (Table 5; USEPA 2015b).  In short, BEAD concluded, based 
on private market research data to determine the estimated amounts of pyrethroids used 
indoor in the U.S. by Pest Control Operators (PCOs) and consumers, that overall 
approximately 225,000 pounds (102,000 kilograms) active ingredient of pyrethroids and 
pyrethrins (combined) are estimated to be used indoors annually in the U.S., in ways that 
have some likelihood of resulting in DtD exposure.  BEAD considered this a very high-
end estimate, “since it assumes that all indoor treatments targeting flies, bedbugs, and 
cockroaches are equally likely to result in DtD exposure every time an application is 
made.”  High-end values for individual active ingredients are listed in Table 5.  
Information is provided for six pyrethroids assessed in this document and pyrethrins, plus 
a number of other pyrethroids.  For a characterization of the reported usage and adjustment 
factors, refer to USEPA 2015b (Attachment V). 

 
Table 5.  Down-the-Drain Pyrethroid/Pyrethrin Usage: Indoor Residential Use by Market 
Sector (Source of table: USEPA 2015b, Attachment V) 

 
Active Ingredient (a.i.) 

Amount (1,000 lb a.i.) 

PCO Consumer Household/ 
Houseplant/Pets 

Total (high-end 
estimate only) 

Bifenthrin 14-32 0.06-0.1 32 
Cypermethrin 13-29 2-5 34 
Permethrin 4-10 3-7 17 
Deltamethrin 1-3 0.2-0.5 3.5 
d-Trans-Allethrin nr 0.06-0.1 0.1 
Imiprothrin nr 1-3 3 
Lambda-Cyhalothrin 1-3 0.06-0.1 3 
Cyfluthrin 1-2 nr 2 
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Active Ingredient (a.i.) 

Amount (1,000 lb a.i.) 

PCO Consumer Household/ 
Houseplant/Pets 

Total (high-end 
estimate only) 

Prallethrin nr 0.05-0.1 0.1 
Pyrethrin nr 89* 89 
S-Bioallethrin nr 1-2 2 
Sumithrin nr 0.01-0.03 0.03 
Tetramethrin nr 0.5-1 1 
Tralomethrin nr 0.02-0.05 0.05 
Other a.i.s (#) 4-8 13-28 36 
Total (high-end estimate only) 87 137 225 

Source:  Proprietary Data, 2011 
PCO = pest control operator; nr = not reported 
*Consumer use on pets 
(#) Includes prallethrin, pyrethrin, esfenvalerate, and d-trans allethrin, among other unspecified pyrethroids. 
Notes: 

(i) The range of figures in each row represents use estimated based on sales by PCOs for bedbugs 
(approximately 6 %) or cockroaches (approximately 12 %). Therefore, the “high end estimates” 
are based on the sales for cockroach control.  For additional discussion, please see the 
discussion of “adjustment factors” in USEPA 2015b. 

(ii) Totals are rounded up to the nearest whole figure. 
 
Individual information about esfenvalerate was not available from BEAD.  In the 

absence of specific usage information for esfenvalerate, the registrant was consulted, and 
Production Volume was provided.  Based on the available information, it is concluded that 
on average, production volume should not exceed ~6,000 kg A.I./year.  Therefore, the 
generated EECs are considered upperbound estimates of concentrations of esfenvalerate in 
effluent-receiving bodies of water. 
 

5.3 Modeling Approach 
 

In order to address the issue of releases to domestic wastewater, OPP has relied on the 
consumer exposure model, Exposure and Fate Assessment Screening Tool (E-FAST 2014) 
that was developed for assessing industrial chemicals in EPA’s Office of Pollution 
Prevention and Toxics (USEPA 2015b).  The ‘Down-the-Drain’ module of E-FAST 2014 
is specifically designed to address sources of a chemical that could potentially be disposed 
into domestic wastewater from a DtD application.  The DtD module can be used to 
represent residential, domestic and certain commercial facilities (e.g., supermarkets, 
storage facilities, and warehouses uses likely to end up in drains).  This model provides 
first tier estimates of chemical residues in surface water that may result from household 
uses and the disposal of consumer products into wastewater. 

 
Conceptually, the E-FAST 2014’s DtD module assumes that in a given year the entire 

production volume of a chemical (i.e., the amount of pesticide) is parceled out on a daily 
basis to the entire U.S. population and converted to a mass release per capita, and 
subsequently, a daily per capita release to a wastewater treatment facility (i.e., 
g/person/day).  This mass is then diluted into the average daily volume of wastewater 
released per person to arrive at an estimated concentration of the chemical in wastewater 
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prior to entering a treatment facility.  The underlying equations used by the DtD module 
are shown below.  According to the E-FAST manual, the daily per capita release is defined 
as follows. 
 

𝐻𝐻𝑅𝑅 =  
𝑃𝑃𝑃𝑃
𝑃𝑃𝑃𝑃𝑃𝑃

 ×
1000 𝑔𝑔

1 𝑘𝑘𝑘𝑘
×

1 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
365 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

 

 
Where, 
a) HR is the daily per capita release of the chemical (g/person/day); 
b) PV is the production volume of the chemical being evaluated that is produced 

annually in the USA that is discharged into domestic wastewaters (kg/year); and 
c) Pop is the 2003 U.S. resident population (2.908x108 persons) (U.S. Bureau of the 

Census, 2004-2005). 
 
The chemical’s concentration in untreated wastewater is then reduced by the fraction 

removed during wastewater treatment processes.  The remaining chemical is discharged 
into surface water (e.g., a river or stream), where it is assumed that it is instantaneously 
diluted, with no further removal.  The surface water concentration is calculated using the 
following generalized equation. 
 

𝑆𝑆𝑆𝑆𝑆𝑆 =  
𝐻𝐻𝑅𝑅  ×  1

𝑄𝑄𝐻𝐻
 × �1 −𝑊𝑊𝑊𝑊𝑊𝑊

100 �×  106 µ𝑔𝑔
𝑔𝑔  

𝑆𝑆𝑆𝑆𝑆𝑆
 

 
Where, 
a) SWC is the surface water concentration (µg/L); 
b) QH is the household wastewater volume released daily (it is estimated to be 388 L 

per person per day), it includes only domestic and residential POTWs; 
c) WWT is the wastewater treatment removal (percent removed prior to discharging 

into a body of water, %); and 
d) SDF is the stream dilution factor. 
 
The Stream Dilution Factor (SDF) is the volume of the receiving stream flow divided 

by the volume of the wastewater released from the POTW or effluent flow (SDF = SF/EF).  
This value is estimated by the Stream Dilution Factor Program (SDFP) for 36 industrial 
categories.  The Stream Dilution Factor Program (SDFP) estimates surface water 
concentrations using the 50th and 10th percentile stream dilution factors for all active 
POTWs, for streams to which the wastewater facilities discharge.  SDFP retrieves receiving 
stream flow data for facilities, calculates dilution factors for each facility, ranks the flow 
data and stream dilution factors, and reports the results in terms of percentiles.  For E-
FAST 2014’s DtD module, SDFP calculates these values from 9,619 POTWs for which 
stream flow and effluent flow information is available in the Main Facility File.  The Main 
Facility File contains facility and basic receiving stream information for a large number of 
direct discharging facilities.  The Main Facility File is used by three of the E-FAST 2014 
modules, including the DtD and the Probabilistic Dilution Model (PDM) modules. 
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There are four types of stream flows that the developers of the model have deemed 
adequate for the protection of aquatic life and human health (acute and chronic).  These are 
1Q10, 7Q10, 30Q5 and Harmonic Mean.  The 30Q5 and Harmonic Mean flows are used 
for human life exposure and are not further discussed here.  Additionally, flows have been 
characterized to represent mid-sized stream flows and smaller stream flows.  For the 
protection of aquatic life, the developers of the model have deemed the following stream 
flows (SFs) suitable: 

 
a) SF1Q10 is the stream flow that corresponds to the single day of lowest flow over a 

10-year period (i.e., lowest 1-day flow during any 10-year period).  The 1Q10 
stream flows provide acute surface water concentrations to compare with acute 
concentrations of ecological concern or acute endpoints for aquatic animals and 
plants; and 
 

b) SF7Q10 is the stream flow corresponding to seven consecutive days of lowest flow 
over a 10-year period (i.e., lowest consecutive 7-day average flow during any 10-
year period).  The 7Q10 stream flows give chronic surface water concentrations to 
compare with chronic concentrations of concern or chronic endpoints, for aquatic 
animals. 

 
The manual describes results provided by the model related to small stream flows and 

mid-sized stream flows as shown below. 
 
a) 10th Percentile Results — exposure results are calculated based on the high-end 

surface water concentrations (i.e., upper 10th percentile).  These results represent 
the bounding high-end exposures. These flows are used to represent small streams. 
 

b) 50th Percentile Results — exposure results are calculated based on the median 
surface water concentrations (i.e., 50th percentile).  These results represent central 
tendency exposure. These flows are used to represent mid-sized stream flows. 

 
It should be noted that the DtD module of E-FAST 2014 is a first tier model.  It does 

not take into account processes such as degradation prior to treatment at the facility, or 
after the effluent is released to the body of water, or partitioning (i.e., sorption by sediment 
or particulate matter). As indicated earlier, the model used for these assessments assumes 
that the freshwater bodies of water receive the POTW effluents (e.g., rivers or ponds); 
however, EFED calculated risk quotients for estuarine/marine species, assuming that in 
saltwater bodies of water the EECs are similar to the ones calculated by E-FAST’s DtD 
module. 
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5.4 Description of Model Inputs 

5.4.1 Production Volume/Usage and POTW Removal 
 
There are two main input values in the E-FAST’s DtD module: the production volume 

(PV), and the percent removal from wastewater treatment (WWT).  The PV can be obtained 
from the registrant(s) sources or an estimate can be supplied by the Biological and 
Economic Analysis Division (BEAD).  The reported usage for the synthetic pyrethroids 
and pyrethrins was discussed in Section 5.2 above. 

 
Model results are also sensitive to the WWT, which in turn is dependent on the 

physicochemical properties of the active ingredient of concern and the extent of wastewater 
treatment (e.g., primary, secondary, tertiary, or ultrafiltration).  An estimate of WWT is 
available from the Sewage Treatment Plant Fugacity Model (STPWIN™) of EPISUITE 
v.4.11 (USEPA 2012).  This model provides estimates of the fate of organic chemicals in 
conventional wastewater treatment plant that uses activated sludge secondary treatment, 
using the default half-lives of 10,000 hours (~417 d) in the primary tank, the aeration tank, 
and the settling tank. This may be considered a conservative half-life value.  Note that 
alternatively EPISUITE provides the second option to enter half-lives derived from 
monitoring experiments, or the third option to use model-estimated half-lives for the above 
mentioned processes.  According to the STPWIN™ Help manual, EPI Suite’s STP 
program was conservative (i.e., leading to higher concentrations) predicting removal 
percent (WWT) 88% of the time using its default half-lives of 10,000 hours for 29 of 33 
chemicals evaluated, for primary clarifier, aeration vessel and settling tank; however, the 
evaluation was based on a set chemicals which are not pesticides.  A potentially more 
suitable and reliable alternative, is data derived from a bench scale study that may be 
required either during the new chemical registration process of the chemical or during 
Registration Review, to further refine this input parameter.  Finally, for a few chemicals, 
when available, WWT can be obtained from actual monitoring studies of influent and 
effluent from POTWs.  As will be seen later, there is monitoring data for pyrethroids from 
31 POTW facilities in California (Markle et al., 2014). 

 
Table 6 provides a summary of removals by various mechanisms for eight pyrethroid 

insecticides predicted by STPWIN™.  As shown in the table, the module predicts that for 
all these chemicals, the main removal mechanism is sludge sorption.  The total 
biodegradation is low while the release to air is minimal.  For all the chemicals, the removal 
is above 90%. 

 
Table 6. Removal Percent of Eight Pyrethroids in Wastewater Treatment Plants Obtained 
from EPISUITE v.4.11 and Its STPWIN Module1 

Process Bifent. Fenprop. Cyhalot. Permet. Cyflut. Cypermet Esfenval. Deltamet. Pyrets.2 
Sludge sorption 93.2 91.4 93.1 92.7 91.2 93.0 92.1 92.1 90.9 
Total Biodegradation 0.78 0.77 0.78 0.78 0.77 0.78 0.77 0.77 0.77 
Total to Air 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total Removal 94.0 92.2 93.8 93.4 91.9 93.8 92.9 92.8 91.7 

1 All results were rounded to two decimal places or three significant figures. 
2 Based on results for pyrethrin 1, which has been designated as the representative pyrethrin in the available 
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environmental fate studies. 
 

5.4.2 Bench Scale Study 
 

Based on experience with DtD modeling with pyrethroids, OPP requested additional 
data from registrants to improve modeling of the fate and removal efficiency of certain 
pyrethroids in POTWs.  In response, PWG submitted a bench scale study simulating four 
processes that occur in POTWs: primary settling, aerobic biological treatment, anaerobic 
digestion, and ultra-filtration (Cleary and McGrath, 2012, MRID 48762906)4.  Pyrethroids 
studied in these processes included: permethrin, deltamethrin, bifenthrin, cyfluthrin, 
lambda-cyhalothrin, cypermethrin, esfenvalerate, and fenpropathrin.  Although in 
treatment plants, they occur simultaneously, these processes were evaluated separately 
from each other (i.e., they were treated as modules).  This treatability study is useful in 
understanding the relative contributions of the different processes that occur at a treatment 
facility.  Removal processes included primary settling, which showed very limited removal 
(this was an unexpected result), and aerobic and anaerobic digestion, which show moderate 
levels of removal.  Only ultrafiltration appeared to remove over 90% of the material in the 
bench scale study.  Results from modelling (using EPISUITE v.4.11 giving total removal) 
and monitoring data (discussed below) indicate levels of removal of above 90%.  However, 
direct comparison of the bench scale study results to modelling and monitoring data is 
confounded by the fact that the bench scale study design does not enable determination of 
an overall removal efficiency based on the sum total of the simulated treatment 
processes.  Therefore, the utility of the bench scale study mostly relates to how separate 
processes affect pyrethroid removal and not for an estimate of the overall removal 
efficiency of pyrethroids from POTWs.  The study was considered supplemental, providing 
limited information about the individual processes, and their relative contributions in a 
treatment plant. 
 

5.5 Summary of Model Outputs 
 

In this assessment, the removal percentages were obtained from the model EPISUITE 
v.4.11, as shown in Table 6.  The usage information was supplied by BEAD (see Table 5, 
and USEPA 2015b).  The usage data from Table 5 was converted from pounds active 
ingredient/year to kilograms active ingredient/year.  The input values are summarized in 
Table 7. 
 

Model outputs from the E-FAST 2014 model are provided in Table 7.  These include 
the acute and chronic EECs (µg/L).  Both the peak and chronic EECs are the same, since 
they represent stream dilution factors of 1.0 at the 10th percentile (i.e., no dilution or 
effluent dominated body of water, and small receiving bodies of water or small streams).  
It was noted that for bifenthrin, the output acute and chronic EECs exceeded the limit of 
                                                 
4 A bench scale study is a study conducted in a small scale basis, to mimic the processes that occur in a 

POTW plant.  In the pyrethroids bench scale study, four processes were simulated.  A number of issues 
were observed in the study, and its results were not used for the modeling in E-FAST 2014. 
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solubility by around 50%, which is by itself extremely low (s = 0.014 µg/L).  Given that 
the wastewater treatment removals (WWTs) were of a similar level for all the chemicals, 
then the EECs appear to be very dependent on the reported usage or PV.  The highest 
predicted EECs were for pyrethrins, followed by cypermethrin, with respective reported 
usages of 196,000 and 75,000 kg a.i./year.  For an example output file from E-FAST 2014 
for permethrin, refer to Appendix C. 
 
Table 7. Estimated Environmental Concentrations for Eight Pyrethroids and Pyrethrins 

Chemical Reported Usage 
(kg/year) 

Wastewater 
Removal / (%) 

Peak EEC = Chronic 
EEC1 (µg/L) 

Bifenthrin 14,500 94.0 0.014 – 0.0211 2 
Cyfluthrin 910 91.9 0.00179 
Lambda-Cyhalothrin 1,360 93.8 0.00205 
Cypermethrin 15,400 93.8 0.0232 
Deltamethrin 1,590 92.8 0.00278 
Esfenvalerate 6,000 92.9 0.0103 
Fenpropathrin N/A 92.2 N/A 
Permethrin 7,710 93.4 0.0124 
Pyrethrins 40,400 91.7 0.0814 

N/A = does not apply, no applicable down-the-drain uses for fenpropathrin. 
NA = not available. 
1 Stream flow SF1Q10 (acute) and SF7Q10 (chronic) stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration predicted by E-FAST 

2014 was 0.0211 µg/L. 
 

5.6 POTW Monitoring Data 
 

The available information on the occurrence of pesticides in U.S. POTW influent, 
effluent and biosolids was reviewed and is summarized here with a focus on the following 
questions: 
 

Which pesticides are most commonly detected in POTWs and how does this relate 
to their intended uses? 

 
What is the removal efficiency of pesticides by wastewater treatment processes and 
how does this compare to estimates based on modeling? 

 
Although a number of country-wide surveys of pesticides and other micropollutants in 

POTW wastewater have been conducted in Europe (e.g., Loos et al., 2013; Luo et al., 
2014), an analogous U.S. wide survey was not identified in this review.  Instead, a number 
of state-wide and POTW-specific surveys were identified, some of which are mainly about 
pyrethroids and are summarized below.   
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5.6.1 Pyrethroids in POTW Influent and Effluent 

5.6.2 California POTWs 
 
In a comprehensive state-wide survey, Markle et al. (2014) sampled 31 POTWs in 

California for the presence of eight pyrethroids in influent, effluent, and biosolids.  This 
effort was conducted by the PWG, in response to pyrethroid re-evaluation activities by both 
the California Department of Pesticide Regulation and the USEPA.  The POTWs they 
surveyed represent approximately 40% of the treated municipal wastewater in California 
and include primary, secondary and tertiary treatment as terminal wastewater treatment 
processes.  Samples were taken from January through March, 2013 during dry weather 
period.  Consecutive grab samples were taken from influent, effluent and biosolids (when 
available) and did not account for hydrologic retention time between entry to the POTW 
and discharge. Extensive quality control measures were instituted including separate 
analytical measurement by two laboratories. 

 
Results indicate high detection frequencies (e.g., 43% to 100%) for 7 of the 8 

pyrethroids sampled in POTW influent (Table 8).  Frequencies of detection exceeded 80% 
for bifenthrin, cyfluthrin, lambda-cyhalothrin, cypermethrin and permethrin.  
Fenpropathrin was the least detected pyrethroid in influent at 4.5% (3 of 67 samples), and 
is the only pyrethroid sampled that is not registered for residential uses in California.  This 
suggests residential uses of these products are contributing to their loadings to California 
POTWs.  By far the highest maximum and median influent concentrations reported are for 
permethrin (3,800 and 230 ng/L, respectively), which may be related to its topical use to 
treat lice infestations (a pharmaceutical use that is regulated by the Food and Drug 
Administration (FDA)). 
 
Table 8. Summary of pyrethroid measurements in influent from 31 California POTWs 
(Source: Markle et al., 2014) 

Chemical # of 
Detects 

% 
Detected 

LOQ 
(ng/L) 

Max. 
(ng/L) 

Min. 
(ng/L) 

Average1 
(ng/L) 

Median1 
(ng/L) 

Bifenthrin 64 96% 5 74 ND 15 9.7 
Cyfluthrin 59 88% 5 55 ND 11 7.4 
Lambda-Cyhalothrin 54 81% 5 72 ND 5.6 2.8 
Cypermethrin 54 81% 5 200 ND 35 21 
Deltamethrin 29 43% 10 210 ND 8 3.3 
Esfenvalerate 31 46% 5 360 ND 8.1 1.7 
Fenpropathrin 3 4.5% 5 130 ND 4.6 1.7 
Permethrin 67 100% 50 3800 30 330 230 

ND = Not detected.  Units of ng/L = parts per trillion. 
A total of 67 influent samples were collected (62 samples + 5 repeats). 
1 Median and average values were calculated assuming the limit of quantitation for non-detects. 
 

In POTW effluent, the greatest detection frequencies are observed for bifenthrin (82%), 
followed by cypermethrin (81%), permethrin (65%), cyfluthrin (60%), lambda-cyhalothrin 
(48%) and esfenvalerate (32%; Table 9).  Comparatively, the rates of detection for 
deltamethrin and fenpropathrin are much lower (16% and 3%, respectively) in effluent than 
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influent.   Consistent with the influent sampling results, the greatest maximum and median 
concentrations in POTW effluent are observed for permethrin (170 and 9.4 ng/L, 
respectively). Cypermethrin showed the next highest effluent concentrations with 
maximum and median values of 13 and 1.3 ng/L, respectively.  Maximum and median 
concentrations for the other six pyrethroid are 2 and 1 orders of magnitude below that for 
permethrin. 
 
Table 9. Summary of pyrethroid measurements in effluent from 31 California POTWs 
(Source: Markle et al., 2014) 

Chemical # of 
Detects 

% 
Detected 

LOQ 
(ng/L) 

Max. 
(ng/L) 

Min. 
(ng/L) 

Average1 
(ng/L) 

Median1 
(ng/L) 

Bifenthrin 51 82% 0.5 3.9 ND 0.89 0.6 
Cyfluthrin 37 60% 0.5 4 ND 0.6 0.3 
Lambda-Cyhalothrin 30 48% 0.5 1.6 ND 0.3 0.2 
Cypermethrin 50 81% 0.5 13 ND 2.11 1.3 
Deltamethrin 10 16% 1.0 1.2 ND 0.31 0.3 
Esfenvalerate 20 32% 0.5 0.6 ND 0.25 0.2 
Fenpropathrin 2 3.2% 0.5 0.8 ND 0.22 0.2 
Permethrin 40 65% 5.0 170 ND 20 9.4 

ND = Not detected.  Units of ng/L = parts per trillion. 
A total of 67 effluent samples were collected. 
1 Median and average values were calculated assuming the limit of quantitation for non-detects. 
 

It is also of interest to evaluate the removal of pyrethroids by POTW treatment, since 
this information can help inform modeling approaches for estimating pyrethroid loadings 
from POTWs.  Influent and effluent data from Markle et al. (2014) were used to calculate 
percent removal of pyrethroids using the following equation:  
 

% Removal = �1 −  
Effluent Concentration 
Influent Concentration

� × (100%) 
 

When the effluent concentration was reported below limits of quantitation (LOQ), the 
concentration was equated to the LOQ.  When the influent was reported to be below the 
LOQ, no calculation was made. On average, pyrethroid concentrations measured in POTW 
effluent are approximately 10% those measured in influent, representing a reduction of 
approximately 90% (Figure 3).  The higher mean % removal indicated for esfenvalerate 
(97%) and fenpropathrin (99%) are based on very few samples and are therefore considered 
highly uncertain. 

 
In terms of POTW-specific factors affecting pyrethroid concentrations, there was 

typically a large reduction in pyrethroid concentrations in effluent from primary to 
secondary treatment, although only one plant sampled had primary treatment as its terminal 
treatment process.  The relationship between secondary and tertiary treatment was less 
clear, whereby some POTWs containing secondary treatment had higher concentrations in 
effluent compared to those with tertiary treatment and vice versa. 

 
It is noted that the study by Markle et al. (2014) was not specifically designed to 
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estimate % removal efficiency of pyrethroids because samples were taken concurrently 
from influent and effluent without regard to the retention time of treated water in the 
POTW.  Therefore, differences between concentrations of pyrethroid in influent and 
effluent may reflect, not only partitioning and degradation processes associated with 
wastewater treatment, but also variation in pesticide loadings over time.  Nonetheless, 
average % removal efficiencies based on the monitoring data (90-99%) are quite similar to 
those calculated using the STPWIN™ model summarized in Table 6 (91-94%). 
 

 
Figure 3. Percent reduction in pyrethroid concentrations in POTW effluent relative to 
influent (Source: Markle et al., 2014) 
 

5.6.3 Sacramento POTW 
 
In contrast to the previous study which conducted limited sampling of POTW 

wastewater across many facilities, Weston et al. (2013) focused their efforts on a single 
facility, the Sacramento Regional County Sanitation District Treatment Plant.  
Concentrations of eight pyrethroids in influent and effluent were sampled over multiple 
time periods from November 2010 to January 2012.  Twelve, 24-h composite samples were 
taken monthly from influent and seven 24-h, flow-weighted composite samples were taken 
from effluent (4 during rain events and 3 during dry events).  Importantly, the timing of 
effluent samples was adjusted to account for the retention time of the wastewater in the 
plant.  This facilitates more accurate estimation of % removal efficiency compared to the 
previous study by Markle et al. (2014).  Weston et al. (2013) also sampled three POTW 
wastewater interceptors during the course of this study, one of which (City interceptor) 
received both municipal sewage and storm water runoff while the other two (Folsom and 
Laguna interceptors) received only municipal sewage. 

 
Results from this study indicate that four pyrethroids were detected in all (100%) of the 

12 monthly POTW influent samples (permethrin, bifenthrin cypermethrin, and lambda-
cyhalothrin).  Among these, permethrin was the dominant pyrethroid detected in terms of 
overall concentration and typically ranged between 200 and 400 ng/L (ppt).  Cypermethrin 
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and bifenthrin were generally found between 20 and 40 ng/L in influent while cyhalothrins 
were found up to 30 ng/L.  Cyfluthrin was detected once in influent during the study, while 
deltamethrin, fenpropathrin and esfenvalerate were not detected in any of the 12 influent 
samples.  Attempts to correlate temporal peaks in influent concentrations with known use 
pattern or sales data were not successful.  Analysis of pyrethroids in the wastewater 
interceptor upstream of the treatment plant suggest that storm water runoff was not the 
dominant source of pyrethroids to the plant.  Concentrations of permethrin in the City 
interceptor (receiving stormwater) were slightly lower than those which did not receive 
stormwater.  Furthermore, all the interceptors sampled contained substantially lower 
concentrations of permethrin than what was found in the POTW influent, suggesting that 
other sources of permethrin to the plant are likely.  The other pyrethroids were found in 
similar concentrations in the three interceptors compared to POTW influent.  The authors 
speculate that indoor uses of pyrethroids, container washing and possibly improper 
disposal of unwanted pesticide may be leading to the loadings to the Sacramento POTW. 

 
In terms of effluent quality, permethrin was again the dominant pyrethroid detected in 

all but one of the seven effluent samples, ranging from 12-45 ng/L.  Bifenthrin and 
cyhalothrins ranged from 1-5 ng/L in effluent and were detected 43% and 29% of the time, 
respectively.  Concentrations of permethrin, bifenthrin and cyhalothrin were up to 2 times 
the respective 96-h EC50 values reported for the freshwater amphipod, Hyalella azteca.  
However, attempts to correlate observed toxicity to H. azteca in effluent samples with toxic 
units or TIE procedure were not definitive in terms of the cause of toxicity.  Removal 
efficiencies of the pyrethroids from the POTW influent generally ranged from 90-95%, 
which is similar to the findings by Markle et al. (2014) in their California-wide POTW 
survey. 

 

5.6.4 Weston and Lydy (2010) 
 
In this study, Weston and Lydy sampled three California POTWs (Sacramento, 

Stockton, and Vacaville) for the presence of 8 pyrethroids and chlorpyrifos during three 
dry and three wet seasons in 2008 and 2009.  The authors indicate that except for a small 
portion of the Sacramento POTW influent, all plants contained sanitary sewer systems that 
were separate from stormwater systems.  They further note that the Stockton POTW 
included tertiary treatment via routing secondary treated wastewater through 240 ha of 
treatment ponds which yielded a retention time of about 30 days. Results above 1 ng/L are 
considered by the authors to be reliable.  A total of 18 POTW samples were taken.  Other 
samples of agricultural drains and urban runoff were also analyzed but are not relevant for 
this discussion here. 

 
Weston and Lydy (2010) report that of all the samples, quantifiable concentrations of 

one or more pyrethroids were found in 67% of the samples taken.  Across all three facilities, 
chlorpyrifos (40%), bifenthrin (39%) and permethrin (33%) were most commonly detected 
(Table 10).  Generally, the highest concentrations of pyrethroids and chlorpyrifos are seen 
with the Sacramento POTW.  In terms of toxicological relevance, 22% of the effluent 
samples containing bifenthrin, 17% containing lambda-cyhalothrin, and 6% of the samples 
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containing cypermethrin exceeded the respective EC50 or LC50 values for H. azteca.  The 
authors note that the presence of pyrethroids is surprising especially given the low levels 
of suspended solids in the effluent (< 8 mg/L).  They suggest that sewer disposal of 
household pesticides, use of pet and lice control shampoos and laundering of permethrin-
treated clothing may be potential sources of pyrethroids to the POTWs.  Despite 25-50% 
greater flows in wet weather, Weston and Lydy (2010) report similar concentrations in 
effluent during dry and wet weather flows, which indicates that pesticide loadings from 
urban/residential runoff may be contributing to loadings to POTWs. 

 
Table 10. Pyrethroids and chlorpyrifos in effluent from three California POTWs (Source: 
Weston and Lydy, 2010) 

POTW1 Bifen. Cyfl. Cyp. Delt. Esfen. Fenp. L. Cyh. Perm. Chlor. 
Maximum Concentration Detected (ng/L) 

Sacr. 2.7 1.7 17.0 0 3.7 0 5.5 17.2 24.1 
Stock. 4.8 0 0 1.3 0 0 0 7.9 5.5 
Vaca. 6.3 0 0 2.7 0 0 2.8 7.6 0 

Overall Detection Frequency (n=18) 2 
 39% 6% 6% 11% 6% 0% 17% 33% 40% 

Frequency exceeding EC50 or LC50 3 
  22% 0 6% NA NA NA 17% 0 0 

1 Sacr. = Sacramento; Stock. = Stockton; Vaca. = Vacaville. 
2 Detection frequency = # samples > 1 ng/L / total samples from all 3 plants (n=18). 
3 Frequency of exceeding EC50 or LC50 for H. azteca (Bif =3.3 ng/L; Cyf = 1.9 ng/L; Cyp = 1.7 ng/L; L. Cyh 

= 2.3 ng/L; Per = 21.1 ng/L and Chlor = 96 ng/L). 
 

5.6.5 Suffern, NY POTW 
 
In a study submitted to the Agency (MRID 48072901), the software TOXCHEM+ was 

used to estimate the fate of eight pyrethroids in the Village of Suffern Sewage Treatment 
Plant (Suffern, NY).  The software is used to predict the behavior of a chemical in a 
treatment plant.  Since the software’s approach is not relevant to this assessment, it will not 
be described here.  Nonetheless, in the study, sampling of the POTW was conducted and 
results are reported below.  Table 11 summarizes the measured and predicted 
concentrations in filtered and total effluent waters, and sludge cake.  Since the measured 
filtered effluent waters were reported as <10 ng/L, all the predicted values were within this 
range.  The measured and predicted total effluent water concentrations were within the 
same order of magnitude of each other. 

 
Table 11. Measured and Predicted Concentrations in Effluent (Filtered & Total) and Sludge 

Chemical\Conc. 
(ng/L) 

Measured 
Filtered 
Effluent 

Predicted 
Filtered 
Effluent 

Measured 
Total 

Effluent 

Predicted 
Total 

Effluent 

Measured 
Sludge 
Cake 

Predicted 
Sludge 
Cake 

Bifenthrin <10 0.371 <10 0.628 103100 40580 
Cyfluthrin <10 1.50 1.88 2.09 55830 43320 
Cypermethrin <10 2.76 9.5 5.08 249100 286600 
Deltamethrin1  
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Chemical\Conc. 
(ng/L) 

Measured 
Filtered 
Effluent 

Predicted 
Filtered 
Effluent 

Measured 
Total 

Effluent 

Predicted 
Total 

Effluent 

Measured 
Sludge 
Cake 

Predicted 
Sludge 
Cake 

Esfenvalerate <10 3.0 <10 10.5 6560 5940 
Fenpropathrin <10 0.137 <10 0.193 4310 6280 
Lambda-cyhalothrin <10 0.23 0.54 0.58 10030 7010 
Permethrin <10 4.7 <10 6.9 567000 555000 

1 For deltamethrin the concentrations were too low. 
 

5.6.6 Sacramento, CA POTW 
 
In another similar study (MRID 48857505), the software TOXCHEM+ was also used 

to estimate the fate of eight pyrethroids in the Sacramento Regional County Sanitation 
District (SRCSD) (Elk Grove, California) treatment plant.  In SRCSD plant, 23 locations 
were sampled, including 18 wastewater and five biosolids samples in three sampling events 
in three different days.  Analyses for eight pyrethroids was conducted.  Table 12 
summarizes the ranges in measured and predicted concentrations in influent, dechlorinated 
final effluent, primary sludge, and secondary sludge.  These results are taken to be 
representative of overall results (of measured vs. predicted concentrations), since several 
other measured and predicted concentrations were reported in this study.  Cypermethrin 
and permethrin had the highest measured influent concentrations, and the highest measured 
and predicted effluent and sludge concentrations. 
 
Table 12. Ranges in Measured and Predicted Concentrations in Final Effluent, Primary 
Sludge and Secondary Sludge 

 
 
Chemical 

Measured 
Plant 

Influent 

Measured 
Dechlorinated 
Final Effluent 

Predicted 
Dechlorinated 
Final Effluent 

Measured 
Primary 
Sludge 

Predicted 
Primary 
Sludge 

Measured 
Mixed 
Sludge 

Predicted 
Mixed 
Sludge 

ng/L ng/L ng/L ng/mL ng/mL ng/mL ng/mL 
Bifenthrin 18.8-19.7 1.49-1.81 1.09-2.26 <2.5-2.77 3.59-5.78 <2.5-2.61 1.39-2.43 
Cyfluthrin 6.95-9.55 0.556-0.608 0.32-0.69 <2.5 1.63-2.52 <2.5 0.51-0.81 
Cypermethrin 46.1-48.6 3.81-4.68 1.72-2.72 4.51-6.41 7.95-13.0 4.60-5.92 2.53-4.05 
Deltamethrin1        
Esfenvalerate1        
Fenpropathrin1        
Lambda-
cyhalothrin 10.6-16.5 1.05-1.47 0.77-1.77 <2.5 2.10-4.37 <2.5 0.77-1.66 

Permethrin 352-368 24.7-26.2 10.2-20.1 36.5-50.0 65.4-103 31.8-34.9 21.3-32.0 
1 An insufficient number of detections of deltamethrin, esfenvalerate and fenpropathrin did not allow for 

calibration of the model. 
 

5.6.7 Comparison of the Suffern, NY and Sacramento, CA POTW 
Facilities 

 
Discrepancies were observed in the predicted distribution of pyrethroids in various 

compartments between the NY study and the study involving a plant in CA.  For example, 
for bifenthrin the model predicts 24% is emitted through volatilization in NY, compared to 
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1.8% in CA.  For the same chemical, the model predicts that 1.6% is in the effluent in NY, 
compared to 10% in the CA study.  It is acknowledged, however, that there are differences 
in treatment plant design.  In addition, more usage may be registered in one region of the 
U.S. than in others.  Compared to the CA study, the NY study was more limited in scope 
with fewer samples monitored and analyzed. 
 

5.7 Comparison of Monitoring and Modeling Results 
 

It is instructive to compare the results of POTW monitoring to that predicted by down-
the-drain modeling (DtD) using E-FAST described earlier, as a way of evaluating model 
predictions.  A comparison of EECs predicted by E-FAST’s Down-the-Drain module is 
presented in Table 13 along with the monitored concentrations in effluent summarized in 
Table 9.  With bifenthrin, the predicted concentrations in POTW effluent is 14 ng/L (i.e., 
the limit of solubility) to 21.1 ng/L (i.e., the actual model-predicted concentration), which 
is more than an order of magnitude above the median (0.6 ng/L) concentration measured 
in California POTWs by Markle et al. (2014).  However, it is about an order of magnitude 
above the maximum concentration detected in California POTW effluent (3.9 ng/L).  
Similarly, for lambda-cyhalothrin, cypermethrin, and deltamethrin, the predicted 
concentration was above the maximum concentration detected in California POTWs.  For 
cyfluthrin, both the predicted and the maximum concentration were of the same order of 
magnitude, although the predicted concentration was slightly below the maximum 
concentration detected in California POTWs.  For permethrin, the predicted concentration 
was around an order of magnitude below the maximum concentration detected in 
California POTWs, which may be due to the additional permethrin uses for lice control, 
which are considered drug uses, and are not considered in this assessment.  These products 
are regulated by FDA, but if the active ingredient in these products is also a pesticidal 
active ingredient, the risk assessor should consider the pesticidal uses in the ecological risk 
assessment.  Another possible reason may be that permethrin usage in California may be 
higher than elsewhere in the United States.  Nonetheless, for both cyfluthrin and 
permethrin, the predicted concentration is above the median measured concentration. 
 
Table 13. Estimated Environmental Exposure Concentrations of Pyrethroids and Pyrethrins, 
from POTW Discharges, Compared to Monitored Concentrations (Markle et al., 2014) 

Chemical 
Reported 

Usage 
(kg) 

WWT 
(% 

Removal) 

Median 
Measured 

Conc. (ng/L)1 

Maximum 
Measured 

Conc. (ng/L) 

Predicted 
Conc. 
(ng/L) 

<1 Order of 
Magnitude 
Difference? 

Bifenthrin 14,500 94.0 0.6 3.9 14 – 21.12 Yes 
Cyfluthrin 910 91.9 0.3 4 1.79 Yes 
Lambda-
Cyhalothrin 1,360 93.8 0.2 1.6 2.05 Yes 

Cypermethrin 15,400 93.8 1.3 13 23.2 Yes 
Deltamethrin 1,590 92.8 0.3 1.2 2.78 Yes 
Esfenvalerate 6,000 92.9 0.2 0.6 10.3 Yes 
Fenpropathrin N/A 92.2 0.2 0.8 N/A N/A 
Permethrin 7,710 93.4 9.4 170 12.4 No3 
Pyrethrins 40,400 91.7 NA NA 81.4 NA 
WWT = Percent removal from wastewater treatment; N/A = not applicable (fenpropathrin does not have 
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applicable indoor down-the-drain uses). 
1 Median values were calculated assuming the limit of quantitation for non-detects. 
2 The actual output concentration in E-FAST 2014 was 21.1 ng/L.  This value exceeded the limit of solubility 

for bifenthrin (14 ng/L). 
3 Uses for lice control, which are considered pharmaceutical uses, and possible higher usage of this chemical 

in California than elsewhere in the nation, may be the reasons why the maximum monitored concentration 
is above the predicted EEC for permethrin. 

 

5.8 Pesticides in POTW Biosolids 
 

Section 405(d) of the Clean Water Act (CWA) requires the USEPA to identify and 
regulate toxic pollutants that may be present in biosolids (sewage sludge) at levels of 
concern for public health and the environment.  Historically, the focus of identification and 
regulatory efforts has been on industrial chemicals, pharmaceuticals, metals, and selected 
antimicrobial chemicals (USEPA 2009).  However, recent studies have raised attention on 
the occurrence of conventional pesticides in biosolids, which often are treated and applied 
to land.  Potential consequences of land-applied biosolids that contain appreciable amounts 
of pesticides include alteration of soil and terrestrial biota, runoff to surface waters and 
contamination of ground water. 

 
In addition to quantifying pyrethroid concentrations in POTW influent and effluent, the 

previously summarized study conducted by Markle et al. (2014) also measured pyrethroids 
in biosolids from 24 of the POTWs included in the survey (Table 14).  In terms of overall 
detection frequency, results mirror those described previously for influent and effluent, 
with the highest detection frequencies reported for bifenthrin (96%), permethrin (92%), 
cypermethrin (90%), and cyfluthrin (87%).  The maximum concentration of permethrin 
(11,000 ng/g d.w.) [or 11,000 µg/kg d.w.] is 10X that of the pyrethroids with the next 
highest maximum concentrations (bifenthrin, cypermethrin).  Median concentrations are 
greatest for permethrin (1,200 ng/g d.w.), bifenthrin (120 ng/g d.w.) and cypermethrin (79 
ng/g d.w.).  Permethrin was also reported in sewage sludge from the U.K. (Rogers et al., 
1989) and Switzerland (Plagellat et al., 2004). 
 
Table 14. Summary of pyrethroid measurements in biosolids from 24 California POTWs 
(Source: Markle et al., 2014) 

Chemical # of 
Detects 

% 
Detected 

LOQ 
(ng/g) 

Max. 
(ng/g) 

Min. 
(ng/g) 

Average1 
(ng/g) 

Median1 
(ng/g) 

Bifenthrin 50 96% 2.5 1100 ND 150 120 
Cyfluthrin 45 87% 2.5 190 ND 34 29 
Lambda-Cyhalothrin 27 52% 2.5 200 ND 29 28 
Cypermethrin 47 90% 2.5 1000 ND 110 79 
Deltamethrin 16 31% 5.0 78 ND 28 24 
Esfenvalerate 16 31% 2.5 42 ND 15 14 
Fenpropathrin 3 5.8% 2.5 71 ND 12 6.8 
Permethrin 48 92% 25 11000 30 1500 1200 

ND = Not detected. A total of 52 biosolid samples were collected. 
1 Median and average values were calculated assuming the limit of quantitation for non-detects. 
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As a consequence of these and other reports of conventional pesticides in POTW 
biosolids, OPP has undertaken efforts along with counterparts in the Office of Water to 
develop approaches to screen uses of conventional pesticides for their potential to end up 
and persist in biosolids.  The initial efforts focused on identifying pesticide uses with the 
greatest potential for releases down the drain (Table B1 in the Appendix B).   
Subsequently, efforts have focused on developing models for evaluating the potential risks 
associated with pesticides in land-applied biosolids.  One approach being evaluated is 
adapting the current Office of Water Biosolids Core Risk Assessment Model (BCRAM) 
for a first tier assessment.  Other approaches being investigated include adapting existing 
OPP models (e.g., PRZM) and exposure scenarios for evaluation of land applied biosolids. 
 

6 Aquatic Receptors and Ecological Effects 
Characterization 

 
In first tier ecological risk assessments, effects characterization describes the types of 

effects a pesticide can produce in an aquatic (or terrestrial) organism.  This characterization 
is based chiefly on registrant-submitted studies that describe acute and chronic effects 
toxicity information for various aquatic and terrestrial animals and plants.  Data from the 
open literature are also considered; in this case, when updated ECOTOX queries were 
available, papers were screened to see if data from any of those studies were more sensitive 
than available data from submitted studies and, if so, reviewed according to approved 
procedures (USEPA, 2011b).  Toxicity testing reported in this section does not represent 
all species of aquatic organisms.  Only a few surrogate species for freshwater fish are used 
to represent all freshwater fish (2000+) species in the United States, although the most 
sensitive useable endpoints available are used in risk calculation.  Estuarine/marine testing 
is usually limited to a crustacean, a mollusk, and a fish. Also, amphibians are not usually 
tested.  The risk assessment assumes that freshwater fish serve as a surrogate for aquatic-
phase amphibians. 

 
Acute and chronic laboratory studies with pyrethroids and pyrethrins on aquatic 

organisms provide information regarding survival, growth, and reproduction.  Data on the 
technical grade active ingredient (TGAI) and the effects on freshwater and 
estuarine/marine fish and invertebrates, aquatic vascular and nonvascular plants (algae), 
and freshwater and estuarine/marine sediment dwelling organisms are used to evaluate the 
potential risk from aquatic exposure resulting from indoor uses. 

 
A comparison of freshwater and estuarine/marine fish most sensitive endpoints is 

provided in Table 15.  A comparison of freshwater and estuarine/marine invertebrates’ 
most sensitive endpoints is provided in Table 17.  Vascular and non-vascular plant toxicity 
data is summarized in Table 18.  In comparing the endpoints, it should be taken into 
account that a number of species are tested for each chemical, and only the most sensitive 
endpoints are included in these tables; in other words, species may vary across chemicals.  
Further information about the below included endpoints, selected species, study 
identification, and effects observed, is presented in the Attachment II. 
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For freshwater fish, the most sensitive acute toxicity endpoint is for cyhalothrin (0.029 
µg/L) and the least sensitive endpoint for pyrethrins (5.1 µg/L).  On a chronic basis, the 
most sensitive NOAEC is for bifenthrin [0.004 µg/L, however this is an estimated value 
that is based on the most sensitive pyrethroid (i.e., tefluthrin, which is not included in this 
assessment)], and the least sensitive endpoint is for pyrethrins (1.9 µg/L). 

 
It appears that, in general, the estuarine/marine fish are less sensitive than freshwater 

fish to pyrethroids.  On an acute basis, for estuarine/marine fish the lowest endpoint is for 
cypermethrin (0.58 µg/L) and the highest is for esfenvalerate (>19.3 µg/L).  For bifenthrin, 
the acute endpoint is 1270 times higher than the limit of solubility for the chemical (17.8 
µg/L compared to a solubility of 0.014 µg/L).  (As will be shown later, the acute RQ values 
would always be below the LOC for estuarine/marine fish, based on its limit of solubility.)  
On a chronic basis, the most sensitive NOAEC belongs to deltamethrin (0.024 µg/L), 
followed very closely by cyfluthrin (0.025 µg/L).  The least sensitive NOAEC is for 
fenpropathrin (0.81 µg/L). 

 
Table 15. Comparison of Freshwater and Estuarine/Marine Fish Most Sensitive Endpoints 
for Pyrethroids and Pyrethrins 

Chemical 
Freshwater Fish / (µg/L) Estuarine/Marine Fish / (µg/L) 

96-hr LC50 NOAEC/LOAEC 96-hr LC50 NOAEC/LOAEC 
Bifenthrin 0.15 0.004 (estimate1) 17.8 0.1/0.14 
Cyfluthrin 0.068 0.0042/0.008 4.05 0.025/0.084 
Lambda-cyhalothrin 0.029 0.031/0.062 0.807 0.25/0.38 
Cypermethrin 0.39 0.051/0.077 0.95 0.125 (ACR2) 
Deltamethrin 0.15 0.017/0.035 0.58 0.024/0.049 
Esfenvalerate 0.142 0.017/0.036 >19.3 0.63/1.3 
Fenpropathrin 2.2 0.06/0.091 3.1 0.81/2.0 
Permethrin 0.79 0.052 (ACR2) 2.2 0.143 (ACR2) 
Pyrethrins 5.1 1.9/3.0 16 0.7/1.7 

For additional details and MRID citations, refer to Attachment II. 
1 Estimated based on the most sensitive pyrethroid (tefluthrin). 
2 Estimated value, based on acute-to-chronic ratio (ACR). 
 

For freshwater and estuarine/marine fish, the acute endpoints exceed the limit of 
solubility of some of the pyrethroids.  This is the case for bifenthrin (both freshwater and 
estuarine/marine fish acute endpoints), cyfluthrin (estuarine/marine fish), deltamethrin 
(estuarine/marine fish), and esfenvalerate (estuarine/ marine fish).  Endpoints measured at 
above the limit of solubility appear to indicate lower toxicity; however, these 
measurements are uncertain.  The pyrethroids are highly hydrophobic, and should not be 
bioavailable above the limit of solubility.  Table 16 shows the limit of solubility of the 
eight pyrethroids in this comparative assessment, plus pyrethrins. 

 
Table 16. Solubility Values for Synthetic Pyrethroids and Pyrethrins 

Chemical Water Solubility (µg/L) 
Bifenthrin 0.0140 
Cyfluthrin 2.32 

Lambda-cyhalothrin 5.00 
Cypermethrin 3.97 
Deltamethrin 0.200 
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Chemical Water Solubility (µg/L) 
Esfenvalerate 6.00 
Fenpropathrin 10.3 

Permethrin 5.50 
Pyrethrins 200 – 9,0001 

1 Range given for pyrethrin 1 – pyrethrin 2. 
 

Freshwater and estuarine/marine invertebrates are more sensitive to pyrethroids and 
pyrethrins than freshwater and estuarine/marine fish.  For example, for freshwater 
invertebrates, the least sensitive acute endpoint belongs to the pyrethrins (0.76 µg/L), while 
the most sensitive endpoint is for lambda-cyhalothrin (0.00008 µg/L).  Note that the range 
of endpoints is very wide (i.e., four orders of magnitude).  On a chronic basis, the least 
sensitive endpoint is for pyrethrins (0.04 µg/L), and the most sensitive NOAEC belongs to 
deltamethrin (0.000026 µg/L). 

 
For estuarine/marine invertebrates, the most sensitive acute endpoint is for cyfluthrin 

(0.0022 µg/L), and the least sensitive acute endpoint is for the pyrethrins (1.4 µg/L).  
Meanwhile, on a chronic basis, the most sensitive NOAEC also belongs to cyfluthrin 
(0.00007 µg/L), and the least sensitive belongs to the pyrethrins (0.25 µg/L). 

 
In general, the chemical showing the least toxicity to fish and invertebrates are the 

pyrethrins, with the exception of estuarine/marine fish, for which the acute endpoints for 
bifenthrin and esfenvalerate are less sensitive than for pyrethrins, and the chronic NOAEC 
for fenpropathrin is less sensitive than for pyrethrins. 
 
Table 17. Comparison of Freshwater and Estuarine/Marine Invertebrates Most Sensitive 
Endpoints for Pyrethroids and Pyrethrins 

Chemical 
Freshwater Inverts / (µg/L) Estuarine/Marine Inverts / (µg/L) 

96-hr EC50 NOAEC/LOAEC 96-hr EC50 NOAEC/LOAEC 
Bifenthrin 0.000493 0.000050/0.00009 0.00397 <0.0006/0.00062 
Cyfluthrin 0.025 0.00012/0.00025 0.0022 0.00007/0.00017 
Lambda-cyhalothrin 0.00008 0.00022/0.00031 0.00491 0.0002/0.0008 
Cypermethrin 0.00056 <0.00005/0.000052 0.0054 0.000781/0.00197 
Deltamethrin 0.0002 0.000026/0.000050 0.0037 0.00047/0.00073 
Esfenvalerate 0.000848 0.0000309 (ACR1) 0.00466 0.00017/0.00025 
Fenpropathrin 0.00305 <0.0015/0.00152 0.021 0.012/0.024 
Permethrin 0.0066 0.0042/0.0074 0.018 0.0024/0.0046 
Pyrethrins 0.76 0.04/0.10 1.4 0.25/0.64 

For additional details and MRID citations, refer to Attachment II. 
1 Estimated value, based on acute-to-chronic ratio (ACR). 
2 Non-definitive endpoint. 
 

Although no plant toxicity data were readily available for cyfluthrin, it appears that 
aquatic plants are much less sensitive to pyrethroids than freshwater and estuarine/marine 
fish and invertebrates based on the plant data that is available.  In many cases, the endpoints 
were non-definitive, due to low toxicity. 
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Table 18. Comparison of Vascular and Non-vascular Plants Most Sensitive Endpoints for 
Pyrethroids and Pyrethrins 

Chemical 
Vascular Plants / (µg/L) Non-vascular Plants / (µg/L) 

EC50 NOAEC EC50 NOAEC 
Bifenthrin >3301 330 >2901 290 
Cyfluthrin NA NA >21 NA 
Lambda-cyhalothrin >0.5081 0.508 >3101 ≥3101 
Cypermethrin >1.62 1.62 25000 60 
Deltamethrin >7791 779 >3.11 3.1 
Esfenvalerate >8.61 8.6 >5.61 5.6 
Fenpropathrin >10001 1000 63 24 
Permethrin >3.21 3.2 >4.41 0.65 
Pyrethrins 1230 480 105 29 

NA = No available toxicity data. 
For additional details and MRID citations, refer to Attachment II. 
 

The endpoints selected for RQ calculations are presented in the footnotes to each of the RQ 
tables in Section 7.1 (Risk Estimation). 
 

7 Risk Characterization 
 

Risk characterization provides the final step in the risk assessment process. In this step, 
exposure and effects characterization are integrated to provide an estimate of risk relative 
to established levels of concern (LOCs; Section 7.1). The results are then interpreted for 
the risk manager through a risk description and synthesized into an overall conclusion 
(Section 7.2). In addition, the risk description also contains a discussion of relevant sources 
of uncertainty in the risk assessment and sensitivity of the risk assessment findings to 
important methodological assumptions. 
 

7.1 Risk Estimation 
 

Results of the exposure modelling and toxicity effects data are used to evaluate the 
likelihood of adverse ecological effects on non-target species.  For the assessment of 
pyrethroids and pyrethrins, the risk quotient (RQ) method is used to compare exposure and 
measured toxicity values (refer to Appendix A).  Estimated environmental concentrations 
(EECs) are divided by the most sensitive acute and chronic toxicity values.  The RQs are 
then compared to the Agency’s levels of concern (LOCs).  These LOCs, summarized in 
Appendix A, are the Agency’s interpretive policy and are used to analyse potential risk to 
non-target organisms and the need to consider regulatory action.  These criteria are used to 
indicate when a pesticide’s use as directed on the label has the potential to cause adverse 
effects on non-target organisms.  LOCs currently address the following risk presumption 
categories: 
 
Aquatic Animals:  

• Acute risk - potential for acute risk to non-target organisms which may warrant 
regulatory action in addition to restricted use classification,  
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• Acute risk, listed species – listed species may be potentially affected by use,  
• Chronic risk – potential for chronic risk may warrant regulatory action, listed 
species may potentially be affected through chronic exposure. 

 

7.1.1 Freshwater Fish Risk Quotients 
 

For freshwater fish, there were only a few exceedances of levels of concern (LOCs) 
(for bifenthrin, lambda-cyhalothrin, cypermethrin, and esfenvalerate).  For these 
chemicals, the acute RQs were only slightly above the listed (endangered and/or 
threatened) species LOC (LOC = 0.05) (RQ range 0.06-0.14).  The acute non-listed LOC 
(0.5) was not exceeded by any of the evaluated pyrethroids and pyrethrins.  On a chronic 
basis, only bifenthrin exceeded the LOC (LOC = 1.0), with an RQ range of 3.5 – 5.3.  For 
all the remaining pyrethroids, the chronic RQs were below the LOC (RQs ≤ 0.61). 
 
Table 19. Freshwater Fish Risk Quotients for Eight Pyrethroids and Pyrethrins 

Chemical 
Peak EEC = 

Chronic EEC1 
(µg/L) 

96-hr LC50 
(µg/L) Acute RQ NOAEC 

(µg/L) Chronic RQ 

Bifenthrin 0.014 – 0.02112 0.15 0.09 – 0.14 0.004 3.5 – 5.3 
Cyfluthrin 0.00179 0.068 0.03 0.0042 0.43 
Lambda-
Cyhalothrin 0.00205 0.029 0.07 0.031 0.07 

Cypermethrin 0.0232 0.39 0.06 0.051 0.45 
Deltamethrin 0.00278 0.58 <0.01 0.017 0.16 
Esfenvalerate 0.0103 0.142 0.07 0.017 0.61 
Fenpropathrin N/A 2.2 N/A 0.06 N/A 
Permethrin 0.0124 0.79 0.02 0.052 0.24 
Pyrethrins 0.0814 5.1 0.02 1.9 0.04 

N/A = does not apply, there are no applicable down-the-drain uses for fenpropathrin. 
LOC for acute risk 0.5, acute restricted use 0.1, acute endangered species 0.05, and chronic risk 1. 
1 Stream flow SF1Q10 (acute) and SF7Q10 (chronic) stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration from E-FAST 2014 

was 0.0211 µg/L. 
 

7.1.2 Estuarine/Marine Fish Risk Quotients 
 

For estuarine/marine fish there were no exceedances of any of the acute or chronic 
listed and/or non-listed LOCs (acute listed species LOC = 0.05; acute non-listed species 
LOC = 0.5; chronic LOC = 1.0).  On an acute basis, the RQs were ≤0.02 for all the 
chemicals.  The chronic RQs were ≤0.21 for all the chemicals. 
 
Table 20. Estuarine/Marine Fish Risk Quotients for Eight Pyrethroids and Pyrethrins 

Chemical 
Peak EEC = 

Chronic EEC1 
(µg/L) 

96-hr LC50 
(µg/L) Acute RQ NOAEC 

(µg/L) Chronic RQ 

Bifenthrin 0.014 – 0.02112 17.8 <0.01 0.1 0.14 – 0.21 
Cyfluthrin 0.00179 4.05 <0.01 0.025 0.07 
Lambda- 0.00205 0.807 <0.01 0.25 0.01 
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Chemical 
Peak EEC = 

Chronic EEC1 
(µg/L) 

96-hr LC50 
(µg/L) Acute RQ NOAEC 

(µg/L) Chronic RQ 

Cyhalothrin 
Cypermethrin 0.0232 0.95 0.02 0.125 0.19 
Deltamethrin 0.00278 0.58 <0.01 0.024 0.12 
Esfenvalerate 0.0103 >19.33 <0.01 0.63 0.02 
Fenpropathrin N/A 3.1 N/A 0.81 N/A 
Permethrin 0.0124 2.2 0.01 0.143 0.09 
Pyrethrins 0.0814 16 0.01 0.7 0.12 
N/A = does not apply, there are no applicable down-the-drain uses for fenpropathrin. 
LOC for acute risk 0.5, acute restricted use 0.1, acute endangered species 0.05, and chronic risk 1. 
1 Stream flow SF1Q10 (acute) and SF7Q10 (chronic) stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration from E-FAST 2014 

was 0.0211 µg/L. 
3 Non-definitive endpoint. 
 

7.1.3 Freshwater Invertebrates Risk Quotients 
 

For freshwater invertebrates, on an acute basis, all the RQs exceeded one or more of 
the LOCs.  Cyfluthrin and pyrethrins exceeded only the listed species LOC (acute listed 
species LOC = 0.05; RQs of 0.07 and 0.11, respectively).  The remaining pyrethroids 
exceeded all the acute LOCs, including the acute non-listed LOC (LOC = 0.5).  The highest 
RQ was for bifenthrin (RQ = 42.8). 

 
On a chronic basis, only the natural pyrethrins and permethrin slightly exceeded the 

LOC (LOC = 1.0; RQs = 2.0-2.9).  All the synthetic pyrethroids and natural pyrethrins 
exceeded the chronic LOC (1.0) with RQs ranging from 2.0 for pyrethrins (only slightly 
above the LOC), to >464 for cypermethrin. 
 
Table 21. Freshwater Invertebrates Risk Quotients for Eight Pyrethroids and Pyrethrins 

Chemical Peak EEC1 
(µg/L) 

96-hr EC50 
(µg/L) Acute RQ NOAEC 

(µg/L) Chronic RQ 

Bifenthrin 0.014 – 0.02112 0.000493 28.4 – 42.8 0.000050 280 – 422 
Cyfluthrin 0.00179 0.025 0.07 0.00012 15 
Lambda-
Cyhalothrin 0.00205 0.00008 26 0.00022 9.3 

Cypermethrin 0.0232 0.00056 41 <0.000053 >464 
Deltamethrin 0.00278 0.0002 14 0.000026 107 
Esfenvalerate 0.0103 0.000848 12.1 0.0000309 333 
Fenpropathrin N/A 0.00305 N/A <0.00153 N/A 
Permethrin 0.0124 0.0066 1.88 0.0042 2.9 
Pyrethrins 0.0814 0.76 0.11 0.04 2.0 
N/A = does not apply, there are no applicable down-the-drain uses for fenpropathrin. 
LOC for acute risk 0.5, acute restricted use 0.1, acute endangered species 0.05, and chronic risk 1. 
1 Stream flow SF1Q10 (acute) and SF7Q10 (chronic) stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration from E-FAST 2014 

was 0.0211 µg/L. 
3 Non-definitive endpoint. 
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7.1.4 Estuarine/Marine Invertebrates Risk Quotients 
 

For estuarine/marine invertebrates, on an acute basis, all the chemicals exceeded at 
least one LOC.  For pyrethrins and lambda-cyhalothrin the listed species LOC was 
exceeded (RQs of 0.06 and 0.42, respectively).  For all the remaining chemicals the acute 
non-listed species LOC (0.5) was exceeded and the RQs ranged from 0.69 (permethrin) to 
5.31 (bifenthrin). 

 
On a chronic basis, the only chemical that did not exceed the LOC (chronic LOC = 1.0) 

was pyrethrins with an RQ of 0.33.  The remaining chemicals exceeded the LOC with a 
range of 3.8 (deltamethrin) to 61 (esfenvalerate). 
 
Table 22. Estuarine/Marine Invertebrates Risk Quotients for Eight Pyrethroids and 
Pyrethrins 

Chemical Peak EEC = Chronic 
EEC1 (µg/L) 

96-hr EC50 
(µg/L) Acute RQ NOAEC 

(µg/L) Chronic RQ 

Bifenthrin 0.014 – 0.02112 0.00397 3.53 – 5.31 <0.00063 >23  – >35 
Cyfluthrin 0.00179 0.0022 0.81 0.00007 26 
Lambda-
Cyhalothrin 0.00205 0.00491 0.42 0.0002 10 

Cypermethrin 0.0232 0.0054 4.3 0.000781 30 
Deltamethrin 0.00278 0.0037 0.75 0.00073 3.8 
Esfenvalerate 0.0103 0.00466 2.21 0.00017 61 
Fenpropathrin N/A 0.021 N/A 0.012 N/A 
Permethrin 0.0124 0.018 0.69 0.0024 5.2 
Pyrethrins 0.0814 1.4 0.06 0.25 0.33 
N/A = does not apply, there are no applicable down-the-drain uses for fenpropathrin. 
LOC for acute risk 0.5, acute restricted use 0.1, acute endangered species 0.05, and chronic risk 1. 
1 Stream flow SF1Q10 (acute) and SF7Q10 (chronic) stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration from E-FAST 2014 

was 0.0211 µg/L. 
3 Non-definitive endpoint. 
 

7.1.5 Vascular and Non-vascular Aquatic Plants 
 

For vascular plants, there were no exceedances of the listed and non-listed species LOC 
(LOC = 1.0).  All RQs available were ≤0.01.  There were no vascular plant endpoints for 
cyfluthrin.  Based on the overall risk picture for all the remaining pyrethroids and 
pyrethrins, it appears that aquatic vascular plants are not sensitive to pyrethroids. 
 
Table 23. Vascular Plants Risk Quotients for Eight Pyrethroids and Pyrethrins  

Chemical Peak EEC1 
(µg/L) 

NOAEC 
(µg/L) Listed RQ EC50 (µg/L) Non-listed RQ 

Bifenthrin 0.014 – 0.02112 330 <0.01 >3303 <0.01 
Cyfluthrin 0.00179 NA NA NA NA 
Lambda-
Cyhalothrin 0.00205 0.508 <0.01 >0.5083 <0.01 

Cypermethrin 0.0232 1.62 0.01 >1.623 <0.01 
Deltamethrin 0.00278 779 <0.01 >7793 <0.01 
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Chemical Peak EEC1 
(µg/L) 

NOAEC 
(µg/L) Listed RQ EC50 (µg/L) Non-listed RQ 

Esfenvalerate 0.0103 8.6 <0.01 >8.63 <0.01 
Fenpropathrin N/A 1000 N/A >10003 N/A 
Permethrin 0.0124 3.2 <0.01 >3.23 <0.01 
Pyrethrins 0.0814 480 <0.01 1230 <0.01 

N/A = does not apply, there are no applicable down-the-drain uses for fenpropathrin. 
NA = not available. 
LOC for acute risk 1, and acute endangered species 1. 
1 Stream flow SF1Q10 and stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration from E-FAST 2014 

was 0.0211 µg/L. 
3 Non-definitive estimate; no effects seen at the highest test concentration. 
 

For non-vascular plants, there were no exceedances of the listed and non-listed species 
LOC (LOC = 1.0).  All RQs available were ≤0.02.  There was no reported NOAEC for 
cyfluthrin.  Based on the overall risk picture for all the remaining chemicals, it appears that 
aquatic non-vascular plants are not sensitive to pyrethroids. 
 
Table 24. Non-vascular Plants Risk Quotients for Eight Pyrethroids and Pyrethrins  

Chemical Peak EEC1 
(µg/L) 

NOAEC 
(µg/L) Listed RQ EC50 (µg/L) Non-listed RQ 

Bifenthrin 0.014 – 
0.02112 290 <0.01 >2903 <0.01 

Cyfluthrin 0.00179 NA NA >23 <0.01 
Lambda-
Cyhalothrin 0.00205 ≥3103 ≤0.01 >3103 <0.01 

Cypermethrin 0.0232 60 <0.01 25000 <0.01 
Deltamethrin 0.00278 3.1 <0.01 >3.13 <0.01 
Esfenvalerate 0.0103 5.6 <0.01 >5.61 <0.01 
Fenpropathrin N/A 24 N/A 63 N/A 
Permethrin 0.0124 0.65 0.02 >4.43 <0.01 
Pyrethrins 0.0814 29 <0.01 105 <0.01 
N/A = does not apply, there are no applicable down-the-drain uses for fenpropathrin.  NA = not available. 
LOC for acute risk 1, and acute endangered species 1. 
1 Stream flow SF1Q10 and stream dilution factor = 1. 
2 Exceeded the limit of solubility for bifenthrin (0.014 µg/L).  The actual concentration from E-FAST 2014 

was 0.0211 µg/L. 
3 Non-definitive estimate; no effects seen at the highest test concentration. 
 

7.2 Risk Description 

7.2.1 Factors Affecting the Risk Quotients 
 

Synthetic pyrethroids and pyrethrins can be characterized as very highly toxic to 
freshwater and estuarine/marine fish and invertebrates on an acute basis (i.e., LC50 or EC50 
<0.1 mg/L).  Table 15 shows the most sensitive LC50s and NOAECs for freshwater and 
estuarine/marine fish and Table 17 presents the most sensitive EC50s and NOAECs for 
freshwater and estuarine/marine invertebrates.  Freshwater fish are generally more 
sensitive to pyrethroids and pyrethrins than estuarine/marine fish on an acute and chronic 
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basis.  In general, freshwater invertebrates are more sensitive to pyrethroids than 
estuarine/marine invertebrates on an acute basis.  On a chronic basis, a trend is not clear 
for freshwater invertebrates, when compared to estuarine/marine invertebrates.  
Comparison of Table 15 against Table 17 shows clearly that freshwater and estuarine/ 
marine invertebrates are orders of magnitude more sensitive to pyrethroids and pyrethrins 
than freshwater and estuarine/marine fish. 

 
Besides each chemical’s toxicity, the RQs are also a function of the EECs, which are 

in turn dependent of the reported usage (or the production volume for esfenvalerate), and 
the wastewater removal at the treatment plant (WWT).  The wastewater removals for these 
chemicals lied in the very narrow range from 91.7% (pyrethrins) to 94.0% (bifenthrin), 
based on EPISUITE v.4.11 estimates.  These removals were similar to those estimated 
based on monitoring of POTWs in California (Markle et al., 2014).  In terms of the reported 
usage, provided by BEAD, the chemical with the highest usage is pyrethrins, with 89,000 
lb a.i./year, followed by cypermethrin and bifenthrin with less than half the usage than 
pyrethrins (34,000 and 32,000 lb a.i./year, respectively).  Another chemical with relatively 
high usage is permethrin (17,000 lb a.i./year).  Meanwhile, for the remaining chemicals, 
the usage is around an order of magnitude lower than permethrin (2,000 – 6,000 lb a.i./ 
year for the remaining chemicals). 
 

7.2.2 Summary of Risk Quotients 
 

Table 25 provides an overall summary of all the risk quotients for freshwater and 
estuarine/marine animals for eight pyrethroids and pyrethrins (see also Tables 19-22 for 
additional details, including endpoints, EECs, etc.) 

 
Acute and chronic risks quotients (RQs) for freshwater and estuarine/marine fish were 

generally orders of magnitude lower than for freshwater and estuarine/marine 
invertebrates.  For freshwater fish, there were a few exceedances of the acute listed species 
LOC (but the RQs did not exceed the non-listed species LOC), and one chronic LOC 
exceedance, while for estuarine/marine fish there were no exceedances of acute and chronic 
LOCs. 

 
The highest freshwater fish acute RQ (bifenthrin, RQ = 0.14) does not exceed the acute 

non-listed LOC (0.5).  However, if one considers the reported limit of solubility of 
bifenthrin and caps the acute EEC at the limit of solubility, the RQ is 0.09. 

 
On a chronic basis, the only chemical that exceeds the LOC (1) for freshwater fish is 

bifenthrin, with RQs of 3.5 – 5.3.  For bifenthrin the NOAEC is an estimate, based on the 
lowest NOAEC of all synthetic pyrethroids (i.e., NOAEC for tefluthrin5).  This NOAEC 
was chosen given the lack of a measured value and the uncertainty that would be introduced 
if an acute-to-chronic ratio was used, using an LC50 of 17.8 µg/L for estuarine/marine fish, 

                                                 
5 Tefluthrin is one of the chemicals supported by PWG; however, it is not included in this comparative 

assessment, plus it has no indoor or residential uses. 
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which is several orders of magnitude higher than the limit of solubility of bifenthrin (0.014 
µg/L). 

 
Table 25.  Summary of Risk Quotients for Down-the-Drain Uses of Pyrethroids and 
Pyrethrins for Freshwater and Estuarine/Marine Fish and Invertebrates. 

Chemical 

Risk Quotients 
FW Fish E/M Fish FW Inverts E/M Inverts 
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Bifenthrin 0.09 – 
0.14 

3.5 – 
5.3 <0.01 0.14 – 

0.21 
28.4 – 
42.8 

280 – 
422 

3.53 – 
5.31 

>23  – 
>35 

Cyfluthrin 0.03 0.43 <0.01 0.07 0.07 15 0.81 26 
Lambda-Cyhalothrin 0.07 0.07 <0.01 0.01 26 9.3 0.42 10 
Cypermethrin 0.06 0.45 0.02 0.19 41 >464 4.3 30 
Deltamethrin <0.01 0.16 <0.01 0.12 14 107 0.75 3.8 
Esfenvalerate 0.07 0.61 <0.01 0.02 12.1 333 2.21 61 
Fenpropathrin1 N/A N/A N/A N/A N/A N/A N/A N/A 
Permethrin 0.02 0.24 0.01 0.09 1.88 2.9 0.69 5.2 
Pyrethrins 0.02 0.04 0.01 0.12 0.11 2.0 0.06 0.33 
A light shaded and italics “RQ” means it exceeds the listed species LOC.  A dark shaded and bolded “RQ” 
represents LOC exceedances of the listed species and non-listed species LOCs. 
1 N/A = There are no applicable down-the-drain uses for fenpropathrin. 
 

For aquatic invertebrates the overall risk picture is different than for fish, since for both 
freshwater and estuarine/marine invertebrates there are multiple exceedances of LOCs for 
all the chemicals evaluated.  For freshwater invertebrates, the lowest acute RQs were for 
cyfluthrin and pyrethrins, with RQs of 0.07 and 0.11, exceeding only the acute listed 
species LOC (0.05).  Even though cyfluthrin is more acutely toxic to freshwater 
invertebrates than pyrethrins (EC50s of 0.025 for cyfluthrin and 0.76 µg/L for pyrethrins), 
the acute EEC for pyrethrins is higher as a result of its higher usage, resulting in a higher 
EEC and consequently RQ.  On an acute basis, for all the remaining pyrethroids the RQs 
exceed the acute non-listed species LOC (0.5) (RQ range 1.88 – 42.8).  On a chronic basis, 
all chemical’s RQs exceeded the chronic LOC (1), with values ranging from 2.0 to >464.  
Meanwhile, for estuarine/marine invertebrates, on an acute basis all nine chemicals 
exceeded at least one LOC.  The lowest RQ (0.06) for pyrethrins exceeded only marginally 
the listed species LOC (0.05).  The highest acute RQ was for bifenthrin (RQ = 5.31).  On 
a chronic basis, only the pyrethrins did not exceed the chronic LOC.  For all the other 
pyrethroids, the RQs ranged from 3.8 (deltamethrin) to 61 (esfenvalerate). 
 

7.2.3 Number of Days an Acute Concentration of Concern is 
Exceeded 

 
The Probabilistic Dilution Model (PDM) is itself another module of E-FAST that may 

be run in tandem with DtD.  It is intended to address aquatic ecological exposures and risks.  
PDM is used by the DtD module to calculate daily concentrations and to predict the number 
of days per year a chemical’s concentration of concern (COC) in an ambient water body 
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will be exceeded by the discharge from a facility.  Up to three COCs may be entered in 
EFAST 2014. 

 
For additional characterization, one representative chemical was selected to run PDM.  

The chemical selected was permethrin and only acute exposure to aquatic invertebrates 
was addressed.  The permethrin RQs were deemed to be representative of other pyrethroids 
since they are approximately in the middle, compared to the RQs for other pyrethroids and 
pyrethrins. 

 
The acute COC may be calculated by multiplying the acute endpoint (i.e., 96-hr EC50 

for invertebrates) by the level of concern (e.g., 0.05 for listed species).  For permethrin, the 
acute COC for freshwater invertebrates and listed species is 0.00033 µg/L (i.e., acute 
endpoint x 0.05 = 0.0066 µg/L x 0.05).  Meanwhile, the acute COC for estuarine/marine 
invertebrates and listed species is 0.00090 µg/L (i.e., 0.018 µg/L x 0.05).  Since three COCs 
can be entered, an additional COC was entered, related to an acute non-listed LOC (0.5) 
for freshwater invertebrates.  Therefore, the additional COC entered was 0.0033 µg/L for 
freshwater invertebrates and non-listed species (i.e., 0.0066 µg/L x 0.5).  Table 26 
summarizes the PDM results for permethrin (for the example output file, see the Appendix 
C). 
 
Table 26.  Number of Days per Year and Percent of Year a Concentration of Concern Is 
Exceeded for Permethrin 

Taxa LOC 
Concentration 

of Concern 
(COC) (µg/L) 

Number of Days 
Concentration of 

Concern is 
Exceeded (# days) 

Percent of Year 
Concentration of 

Concern is 
Exceeded (%)1 

Freshwater 
invertebrates 

0.05 (acute listed 
species) 0.00033 327 89 

Freshwater 
invertebrates 

0.5 (acute non-listed 
species) 0.0033 154 42 

Estuarine/marine 
invertebrates 

0.05 (acute listed 
species) 0.00090 268 74 

1 Percent value was rounded to the nearest digit. 
 
As indicated in the table, for freshwater invertebrates the acute listed species 

concentration of concern is exceeded 327 days/year (i.e., 89% of the year) and the acute 
non-listed species concentration of concern is exceeded 154 days/year (i.e., 42% of the 
year).  For estuarine/marine invertebrates, the acute listed species concentration of concern 
is exceeded 268 days/year (74% of the year).  All these numbers of days are related to the 
high end scenario (10th percentile), and results provide additional line-of-evidence that the 
chemical has the potential to affect both freshwater and estuarine/marine invertebrates. 
 
 

7.2.4 Comparison of RQs for Small vs. Medium-Sized Recipient 
Streams 

 
As it has been described earlier, for the protection of aquatic life, the developers of the 
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model have deemed two types of stream flows (SFs) suitable for ecological effects.  They 
include the SF1Q10 (single day of lowest flow over a 10-year period), providing acute 
surface water concentrations to compare with acute endpoints.  For chronic exposure, the 
stream flow SF7Q10 (seven consecutive days of lowest flow over a 10-year period) is used 
to compare with chronic endpoints for aquatic animals.  Additionally, exposure results are 
calculated based on high-end surface water concentrations (i.e., upper 10th percentile).  
These results represent the bounding high-end exposures and small streams, and they are 
used for risk assessment purposes.  Besides the 10th percentile results, the model provides 
the 50th percentile results.  These are exposure results calculated based on the median 
surface water concentrations (i.e., 50th percentile).  They represent central tendency 
exposure and mid-sized stream flows. 

 
For characterization purposes, for permethrin (taken as a representative pyrethroid), at 

the 50th percentile, the acute exposure concentration is 6.15x10-4 µg/L and the chronic 
concentration is 5.10x10-4 µg/L.  The stream dilution factors are 20.08 and 24.22, 
respectively.  By way of comparison, the concentration for the 10th percentile is 1.24x10-2 
µg/L (for both, acute and chronic exposure), with a stream dilution factor of 1.00 (for acute 
and chronic exposure).  This means that the 10th percentile concentration is up to 20-24 
times higher than the acute and chronic 50th percentile concentrations (for the example 
output file, see the Appendix C).  EFED calculated RQs for mid-sized stream flows (50th 
percentile) and the compared results for permethrin are shown in Table 27. 

 
For permethrin it was found that there are no exceedances of the LOCs for freshwater 

or estuarine/marine fish.  For small stream flows (high-end scenario), there are exceedances 
of all the acute listed and acute non-listed and chronic LOCs for freshwater and 
estuarine/marine invertebrates.  Meanwhile, it was found that for mid-sized stream flows 
(lower-end scenario), there is only a single slight exceedance of the listed species LOC for 
acute exposure for freshwater invertebrates (RQ = 0.09; LOC = 0.05).  There are no 
exceedances of the acute non-listed, or chronic LOCs for freshwater and estuarine/marine 
invertebrates, or freshwater or estuarine/marine fish. 

 
For freshwater and estuarine/marine invertebrates, the chronic LOC is exceeded for 

small stream flows, but not for mid-sized stream flows. 
 

Table 27.  Risk Quotients for Down-the-Drain Uses of Permethrin for Freshwater and 
Estuarine/Marine Fish and Invertebrates: Small & Medium-Sized Stream Flows 

 
Chemical Permethrin 
(represented body of 
water) 

Risk Quotients 
FW Fish E/M Fish FW Inverts E/M Inverts 
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Low stream flows 
EEC = 0.0124 µg/L1 0.02 0.24 0.01 0.09 1.9 3.0 0.69 5.2 
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Chemical Permethrin 
(represented body of 
water) 

Risk Quotients 
FW Fish E/M Fish FW Inverts E/M Inverts 
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Mid-sized stream flows 
Acute EEC = 6.15x10-4 
µg/L; chronic EEC = 
5.10x10-4 µg/L2 

<0.01 0.01 <0.01 <0.01 0.09 0.12 0.03 0.21 

A light shaded and italics “RQ” means it exceeds the listed species LOC.  A dark shaded and bolded “RQ” 
represents LOC exceedances of the listed species and non-listed species LOCs. 
1 Based high-end surface water concentrations (i.e., upper 10th percentile), representing small streams.  The 

stream dilution factor is 1.00 (both acute and chronic). 
2 Based on median surface water concentrations (i.e., 50th percentile), representing mid-sized streams.  The 

stream dilution factor is 20.08 (acute) and 24.22 (chronic). 
 

7.2.5 Comparison of Modelled and Monitored Concentrations in 
POTWs 

 
Another line of evidence is the monitoring of pyrethroids.  Monitoring data from 

POTWs in California corroborate the presence of synthetic pyrethroids in POTW effluents.  
For example, monitoring of 31 POTWs by Markle et al. (2014) in 67 effluent samples, and 
tested for eight pyrethroids, demonstrated that the pyrethroid detected with the lowest 
frequency (3.2% or 2 samples) was fenpropathrin.  This result is not unexpected, since 
fenpropathrin does not have residential uses.  Other pyrethroids were detected from 16% 
frequency (deltamethrin) to 81-82% frequency (cypermethrin and bifenthrin).  Comparison 
of monitored and modelled results indicated that measured and predicted concentrations 
are comparable.  Refer to Table 13, in Section 5.7 for further details.  One notable 
exception is permethrin, which is a chemical that is also used for lice control in human 
medications (shampoos and lotions); however, these products are regulated by FDA; if the 
active ingredient in these products is also a pesticidal active ingredient, the risk assessor 
should consider only the pesticidal use in the ecological risk assessment. 

 
Table 28.  Summary of Risk Quotients for Down-the-Drain Uses of Pyrethroids and 
Pyrethrins for Freshwater and Estuarine/Marine Fish and Invertebrates, Based Upon 
Maximum Monitored Concentrations (based on Markle et al., 2014) 

 
Chemical 

 
Max. 
Conc. 
µg/L 

Risk Quotient Based on Monitored Concentration 
FW Fish E/M Fish FW Inverts E/M Inverts 
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Bifenthrin 0.0039 0.03 0.98 <0.01 0.04 7.9 78 0.98 >6.5 
Cyfluthrin 0.004 0.06 0.95 <0.01 0.16 0.16 33 1.8 57 
Lambda-
Cyhalothrin 0.0016 0.06 0.05 <0.01 0.01 20 7.3 0.33 8.0 

Cypermethrin 0.013 0.03 0.25 0.01 0.10 23 >260 2.4 17 
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Chemical 

 
Max. 
Conc. 
µg/L 

Risk Quotient Based on Monitored Concentration 
FW Fish E/M Fish FW Inverts E/M Inverts 
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Deltamethrin 0.0012 0.01 0.07 <0.01 0.05 6.0 46 0.32 2.6 
Esfenvalerate 0.0006 <0.01 0.04 <0.01 <0.01 0.71 19 0.13 3.5 
Fenpropathrin1 0.0008 <0.01 0.01 <0.01 <0.01 0.26 >0.53 0.04 0.07 
Permethrin 0.170 0.22 3.3 0.08 1.2 26 40 9.4 71 
Pyrethrins2 NA NA NA NA NA NA NA NA NA 

A light shaded and italics “RQ” means it exceeds the listed species LOC.  A dark shaded and bolded “RQ” 
means it exceeds the listed species and non-listed species LOCs. 
1 N/A = There are no applicable down-the-drain uses for fenpropathrin; however, it was observed in the 

monitoring report. 
2 NA = There is no available monitoring data for pyrethrins.  Chemical was not included in the Markle, et 

al., 2014 monitoring report. 
 

Comparison of RQs derived based on the maximum monitored concentration against 
the acute and chronic endpoints yields the following findings and are detailed in Table 28: 

• All RQ values based on maximum monitoring concentration for bifenthrin, 
lambda-cyhalothrin, cypermethrin, deltamethrin and esfenvalerate are lower than 
the previously calculated RQs, based on modelling. 

• All RQs for cyfluthrin are slightly above previously calculated from the modelling 
results, but they are of the same order of magnitude. 

• RQs for permethrin are higher than previously calculated from modelling results.  
This may be due to the additional uses for permethrin for lice control in humans 
(considered drug uses), which may have caused permethrin concentrations in the 
environment (i.e., in POTW effluents reaching bodies of water), to be higher than 
predicted based solely on pesticidal uses of the chemical.  The drug uses of 
permethrin are under the purview of the Food and Drug Administration (FDA) and 
are evaluated separately by the sister Agency.  Another factor that may have 
affected the RQs for permethrin based on the usage information is that BEAD could 
not locate usage information on the products used for the treatment of clothes or 
the pretreated clothes, which are used to prevent mosquito bites.  Based on usage 
information, the RQs for freshwater and estuarine/marine fish for permethrin were 
below the LOCs; however, based on the highest monitored values, the RQs exceed 
LOCs for both freshwater and estuarine/marine fish. 

• A set of RQs could be derived for fenpropathrin, based on a limited number of 
detections.  For fenpropathrin, there is only one exceedance and only of the acute 
listed species LOC for freshwater invertebrates.  Previously in this assessment, no 
RQs were calculated since fenpropathrin does not have residential uses and 
therefore there was no usage data or production volume. 

• No RQs could be derived for pyrethrins, based on monitoring, since there is no 
available monitoring data for this chemical. 
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7.2.6 Uncertainties and Other Issues 
 
7.2.6.1 Usage Information and Production Volume 
 

The Biological and Economic Analysis Division (BEAD) provided usage information 
for several synthetic pyrethroids (USEPA 2015b).  In short, BEAD concluded, based on 
private market research data to determine the estimated amounts of pyrethroids used indoor 
in the U.S. by Pest Control Operators (PCOs) and consumers, that overall approximately 
225,000 pounds A.I. of pyrethroids and pyrethrins (combined) are estimated to be used 
indoors annually in the U.S., in ways that have some likelihood of resulting in DtD 
exposure.  BEAD considered this a very high-end estimate, “since it assumes that all indoor 
treatments targeting flies, bedbugs, and cockroaches are equally likely to result in DtD 
exposure every time an application is made” (USEPA 2015b).  Information is provided for 
seven pyrethroids assessed in this document plus the pyrethrins; in addition, a number of 
other pyrethroids were included (but not assessed in this document).  For a characterization 
of the provided usage and adjustment factors, refer to USEPA (2015b).  It should be noted 
that the EECs are highly dependent on the usage.  The reason is that these pyrethroids and 
pyrethrins show a narrow range of wastewater treatment removals.  Therefore, the 
estimated usage uncertainties affect the risk quotients to a high degree. Stakeholders have 
indicated that the lack of source characterization frustrates design of targeted mitigation 
measures to reduce POTW discharges.  This issue is acknowledged.  This PRA relies on 
the best available usage data (or production volume), for each of the chemicals evaluated.  
Also, stakeholders have indicated that there is no method to estimate influent loads and 
that EFED just assumes 100% of the production of a pesticide is discharged down indoor 
drains.  This is a conservative assumption, although it should be stressed that BEAD 
applied certain correction factors to the usage information, to refine their estimates of 
pyrethroid and pyrethrins usage. 
 
7.2.6.2 Wastewater Treatment Removal 
 

Wastewater treatment plant removal efficiencies (WWT) were calculated using the 
Sewage Treatment Plant (STPWIN™) module of EPI Suite v.4.1.  According to the 
STPWIN™ Help manual, EPI Suite’s STPWIN™ program was conservative (i.e., leading 
to higher concentrations) predicting removal percent (WWT) 88% of the time (using its 
default half-lives of 10,000 hours for 29 of 33 chemicals evaluated, for primary clarifier, 
aeration vessel and settling tank); however, the evaluation was based on a set of chemicals 
which are not pesticides.  Stakeholders have indicated that EFED uses of the average or a 
single available literature wastewater treatment plant removal efficiency value, with no 
accounting for the range of removal efficiencies in real POTWs.  Comparison of modeled 
WWTs against estimated monitoring removal values from POTWs in CA are favorable.  
However, even though a relatively large data set of monitored concentrations from 
California POTWs was available, it is uncertain whether the estimated WWTs are 
representative of other sites across the U.S.  A potentially more suitable and reliable 
alternative, is data derived from a bench scale study that may be required either during the 
new chemical registration process of a chemical or during Registration Review, to further 
refine this input parameter (see next paragraph).  Finally, for a few chemicals, when 
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available, WWT can be obtained from actual monitoring studies of influent and effluent 
from POTWs. 

 
For the pyrethroids, the Division requested a bench scale study, with the expectation to 

obtain reliable removal efficiency data for each pyrethroid.  It was found that the study did 
not provide suitable removal efficiency information.  EFED then compared monitoring 
data from 31 California POTWs (of variable treatment design), against EPI Suite’s 
STPWIN estimates.  Data were comparable.  Thus, the STP – EPI Suite estimates were 
used in this draft Part I of the Tier 1 Preliminary Aquatic Ecological Risk Assessment 
(PRA) for Eight Pyrethroids and Pyrethrins.  EFED acknowledges that there were 
limitations in the California monitoring data (e.g., use of grab samples, see next paragraph); 
however, it was the best available information available, which was submitted to EFED, 
and also published in the open literature.  For pyrethroids, which bind to organic matter 
tightly, EFED believes that setting the removal efficiency to 0 (zero) is unrealistically 
conservative.  Additionally, the results of the draft PRA were consistent with the expected 
behavior of the pyrethroids, and the monitoring and modeling results were similar. 

 
It should be acknowledged that in the study by Markle et al. (2014), in which the 

monitoring of 31 POTWs in California was reported, tested samples were grab samples, as 
opposed to 24-hour composite samples.  The composite samples represent a longer period 
of time and avoid the variability inherent to a single grab sample.  Despite this uncertainty, 
it was noted a good agreement between the modeled (E-FAST’s DtD), and measured 
values. 
 
7.2.6.3 E-FAST 2014 Uncertainties 
 

Concentrations derived from the E-FAST 2014 model are uncertain.  The model 
assumes no degradation and no sorption of the chemical with organic matter or with the 
sediments in the body of water.  Pyrethroids are known to bind to sediments, particulate 
matter and suspended organic matter.  The E-FAST model is intended to be a Tier 1 model, 
and concentrations are considered conservative.  Nonetheless, comparison of modeled 
concentrations vs. maximum monitored concentrations from California POTWs indicated 
similar concentrations (within about one order of magnitude). 

 
In natural water, it appears that pyrethroids are less bioavailable than in pure water, at 

the same concentrations.  For example, Parry & Young (2013) reported the distribution of 
pyrethroid insecticides in dechlorinated final effluent from Sacramento Regional 
Wastewater Treatment Plant.  In sorption studies for four pyrethroids to suspended 
particulate matter, it was found that the estimated KiDOC values were about 2x105 L/kg for 
permethrin, cypermethrin and lambda-cyhalothrin, and 8x105 L/kg for bifenthrin.  A large 
percentage of the pyrethroid load was further associated with dissolved organic carbon 
(DOC).  They observed in samples taken at different times of the years 2010-2011, that 
<6% of the total pyrethroid load was dissolved (bioavailable) across sampling and 
chemicals.  However, these results should be taken with caution.  When the whole water 
concentrations and the estimated dissolved concentrations were compared against the 
observed toxicity of the water to Hyalella azteca, it was found that neither of them 
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correlated well with the toxicity (assuming additive pyrethroid toxicity, based on toxic 
units).  The study authors speculated that toxicity may have been attributable to other 
factors. 

 
Certain stakeholders have noted that many POTWs have zero dilution.  Peak and 

chronic EEC results in E-FAST 2014 used by EFED are the higher level estimates, 90th 
percentile and a stream dilution factor of 1.00 (one) for acute and chronic exposure, 
representing small receiving or effluent dominated bodies of water.  This is a conservative 
approach. 

 
The comment about use of dilution factors has been raised in certain Problem 

Formulations for Registration Review, and more recently, in meetings with stakeholders.  
Evaluation of E-FAST’s DtD module results indicated that for the high end scenario, the 
stream dilution factor (SDF) is 1.00, which appears to be the minimum allowed value.  The 
SDF is the volume of the receiving stream flow divided by the volume of the wastewater 
treatment facility effluent flow.  The high end scenario concentration represents small 
receiving streams (10th percentile and SDF = 1.00).  A SDF of 1.00 also represents “effluent 
dominated” surface bodies of water.  These results may be compared against the alternative 
SDFs on the order of 20-24 for the 50th percentile concentration that represents midsized 
receiving streams.  The SDF of 1.00 is used in the risk assessment, while SDFs of 20-24 
may be used for characterization of results.  For characterization, for one chemical, EFED 
calculated RQs for the 50th percentile and stream dilution factor of ~20 to ~24, representing 
a mid-sized receiving body of water. 
 
7.2.6.4 Use of E-FAST for Estuarine/Marine Bodies of Water 
 

In prior consultation with OPPT, it was pointed out that the DtD module better 
represents freshwater receiving bodies of water; however, in the majority of the risk 
assessments to date, and in the draft Pyrethroids and Pyrethrins PRA, it has been assumed 
that the effluent from a POTW can come in contact with estuarine/marine bodies of water.  
OPP considers exposure in saltwater environments, including discharges into 
estuarine/marine environments by comparing estimated exposure concentrations (EECs), 
to toxicity endpoints from estuarine/marine organisms, especially when they are more 
sensitive than freshwater taxa.  The EECs from the DtD module of E-FAST 2014 are 
therefore compared against saltwater endpoints.  This is somewhat similar to what the 
Division does with the results from agricultural modeling and the standard ecological pond.  
Note, however, that estuarine/marine bodies of water are larger than freshwater bodies of 
water, so it appears that this is a conservative approach. 
 
7.2.6.5 Uncertainty Regarding Possible Pest Outbreaks 
 

The observed EECs may be higher or lower than predicted by E-FAST 2014 depending 
on the usage in households in a certain areas leading to POTWs.  For example, there could 
be high pest pressure in a particular site during a period of time that leads to higher 
observed environmental concentrations (compared to predicted EECs), in that particular 
POTW.  E-FAST 2014’s DtD module does not account for possible pest outbreaks in a 
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certain region that would cause a sizable use of a single pyrethroid.  In such a case, it is 
possible that a single plant would receive a higher pesticide amount and as a consequence, 
the effluent would show higher pesticide levels than predicted by E-FAST 2014. 
 
7.2.6.6 Use of the National Per-Capita Wastewater Release 
 

Furthermore, E-FAST 2014 uses a per capita wastewater release based on the national 
average.  The amount of water used regionally may be largely variable, presumably leading 
to differences in EECs.  Another comment that has arisen regarding the DtD module is that 
it assumes even per-capita use across the entire nation.  According to stakeholders, water 
conservation has greatly reduced per capita flows in the west, southwest, and southeast US.  
These lower flows mean less dilution.  The per capita flow is not an optional input value 
in the model.  This is a limitation of the model and it is discussed in the modeling 
assumptions.  Currently, for a national Tier 1 assessment, the model is the best available 
approach for the down-the-drain uses assessed. 
 
7.2.6.7 Issues of Biosolids, Recycled Water and Air Emissions 
 

Stakeholders have indicated that EFED has not modeled biosolids, recycled water, or 
air emissions from POTWs.  Regarding air emissions, EPI Suite predicts short half-lives 
for pyrethroids, in air, due to OH-radical emissions.  For example, for bifenthrin, which 
appears to be the pyrethroid with the highest volatilization potential due to its extremely 
low solubility, EPI Suite predicts an OH-radical reaction half-life of only 0.36 days.  
Furthermore, pyrethroids show low vapor pressures and Henry’s Law Constants, and very 
high KOCs and KOWs.  Based upon these physicochemical and fate properties, the potential 
air emissions should be limited (further details about the fate of the individual pyrethroids 
can be found in the Attachment III).  Pyrethroids and pyrethrins should not persist in air 
for long periods of time. 

 
EFED and PRD have worked with the Office of Water to obtain a better handle on the 

potential exposure from application of biosolids to land.  However, for the purposes of the 
down-the-drain assessment, EFED considers removal of pyrethroids to be a “sink” that 
reduces the direct exposure to water from down-the-drain uses.  In addition, the Divisions 
believe that the exposure from land-applied biosolids is likely to be significantly less than 
the exposure that could occur from direct application of pyrethroids in agriculture 
according to product labels. 
 
7.2.6.8 Ecological Effects Data Gaps and Uncertainties 
 

Although the aquatic toxicity dataset was fairly robust for this group of chemicals, 
some data gaps were present.  For bifenthrin, chronic fish toxicity data were not available 
and so an estimated endpoint was used in risk calculations.  For bifenthrin, cypermethrin, 
permethrin and pyrethrins, some or all of the vascular and non-vascular aquatic plant 
toxicity data were missing.  This is an uncertainty and risk could not be estimated nor 
precluded. 
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Several of the toxicity studies also had non-definitive endpoints.  For esfenvalerate, the 
estuarine/marine fish acute endpoint was a non-definitive, greater than (>), value due to 
low toxicity.  For cyfluthrin, lambda-cyhalothrin, deltamethrin, esfenvalerate and 
fenpropathrin, some or all of the vascular and non-vascular aquatic plant endpoints were 
also non-definitive, greater-than (>), values.  However, in all cases, information was 
sufficient to provide boundaries of the risk estimate resulting in clear evidence that the RQs 
were below LOCs.  Therefore, data were sufficient for risk estimations. 

  
An additional uncertainty is the unknown potential for synergists, such as piperonyl 

butoxide and MGK-264, to persist in POTW discharges.  Information on their persistence 
through POTW treatment processes has not yet been quantified.  Since they are present in 
some pet shampoos and other end-use products containing pyrethroids, they may also enter 
POTWs.  Because their synergistic mechanism of binding mixed-function oxidases that 
would break down pyrethroids, is associated with acute toxicity, rather than chronic 
toxicity and considered to be a short-term effect; for this Part I of the comparative risk 
assessment, synergism was not assessed.  However, synergists that persist in POTW 
effluents, along with pyrethroids may enter the aquatic environment and be available for 
simultaneous exposure to aquatic organisms.  Therefore, the likelihood of enhanced 
toxicity due to DtD synergists is an uncertainty. 

 
For freshwater and estuarine/marine fish, the acute endpoints exceed the limit of 

solubility of some of the pyrethroids.  This is the case for bifenthrin (both freshwater and 
estuarine/marine fish acute endpoints), cyfluthrin (only estuarine/marine fish), 
deltamethrin (both freshwater and estuarine/marine fish), and esfenvalerate (only estuarine/ 
marine fish).  Endpoints derived at above the limit of solubility may be uncertain. 

  
In summary, the toxicity data gaps and resulting uncertainties affecting the risk 

conclusions were: 
• Chronic risk to fish from bifenthrin use due to missing toxicity data, although the 

approach taken appears to be conservative; 
• Risk to aquatic plants from bifenthrin, cypermethrin, permethrin and pyrethrins use 

due to missing toxicity data; 
• Potential for toxicity enhancement from synergists due to lack of information 

synergist persistence in POTW discharges; and, 
• Endpoints derived at above the limit of solubility, which is typically very small for 

all the pyrethroids. 
 
Acclimation/Adaptation 
 

The risk characterization for aquatic organisms is based on standard toxicity studies 
using laboratory-reared cultures. Recently, two studies have been published which 
document much greater tolerance of field-collected freshwater amphipods (Hyalella 
azteca) from urban and agriculturally-impacted streams in California with a known history 
of pyrethroid contamination (Weston et al., 2013; Clark et al., 2015). Compared to 
laboratory populations, Weston et al. report that field-collected H. azteca from urban 
impacted sites were up to 550 times less sensitive on an acute exposure basis to two 
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common pyrethroids (cyfluthrin, bifenthrin).  Using multiple lines of evidence, Weston et 
al. report that the resistant populations of field-collected H. azteca originate from 
genetically-distinct clads6 and that the increased tolerance to pyrethroids likely pertains to 
genetic mutations associated with voltage-gated sodium channel membrane proteins, 
which are the target receptors of pyrethroid insecticides.  Similarly, Clark et al. report field 
collected aquatic H. azteca to be less sensitive on an acute exposure basis to bifenthrin and 
cypermethrin by up to two orders of magnitude.  Interestingly, Clark et al. report a 
substantial reduction in pyrethroid resistance of field collected H. azteca when reared in 
the laboratory over three generations, although the F3 generation populations were still 
about an order of magnitude less sensitive compared to populations that originated in the 
laboratory. These authors also report a strong seasonal variation in sensitivity of field-
collected amphipods to these pyrethroids, which may be related to temporal variation in 
pyrethroid exposure history and subsequent activation of compensatory mechanisms 
associated with pesticide resistance (e.g., enzyme activation). 

 
Considering the well-documented occurrence of insect resistance to pyrethroids and 

other insecticides, these examples of pyrethroid resistance with aquatic arthropods are not 
surprising.  However, they do have implications for this ecological risk assessment, 
particularly since H. azteca is consistently among the most sensitive aquatic invertebrate 
species to pyrethroids.  One implication is that acute risks to pyrethroid-impacted 
populations of aquatic invertebrates may be much lower (by up to two orders of magnitude) 
than predicted from this ecological risk assessment.  However, it is important to caveat this 
interpretation because there is evidence that suggest H. azteca may experience periods of 
more or less tolerance depending on the prior history of pesticide exposure.  

 
Another implication is that pyrethroids are already altering the genetic and/or epigenetic 
composition of aquatic crustaceans (amphipods), which could have deleterious 
consequences for overall organism and population fitness.  For example, populations that 
become genetically tolerant to pyrethroids due to repeated exposures over generations may 
be genetically less diverse compared to less impacted populations.  This loss of genetic 
diversity may have deleterious consequences when organisms are challenged by other 
anthropogenic or natural stressors, thereby compromising population health and fitness 
(e.g., Reed and Frankham, 2003).  Currently, the evolutionary consequence of genetic 
tolerance to chemical stressors is not well understood.  Furthermore, there is uncertainty 
when extrapolating results from H. azteca to other species, which may have a lower or 
greater capacity for acclimating or adapting to pyrethroid perturbations. 
 
7.2.6.9 Methodologies for Effects Assessment 
 

Another comment stakeholders have made is that methodologies for effects assessment 
once environmental concentrations are estimated by POTW modeling are also an issue.  
Toxicity estimates used in EFED risk calculations often come from submitted studies using 
recommended species (e.g., Daphnia magna), but when more sensitive toxicity endpoints 
are available, these are also used if the study is determined to be sound.  NPDES permit 
                                                 
6 H. azteca is currently considered a “species complex” consisting of multiple genetically distinct populations 

across geographic regions.   
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limits are more likely based on effluent toxicity to species selected for routine testing rather 
than the more detailed toxicity profile compiled for pesticide registration (e.g., 
Ceriodaphnia dubia, rather than Daphnia magna; https://www.epa.gov/npdes/npdes-
permit-limits#wet).  In both cases, species tested are viewed as surrogates for other species 
present in the environment and the selection of test species based on multiple 
considerations.  If more sensitive toxicity data are available, EFED encourages its 
submission to the Division. 
 

8 Conclusions 
 

As shown in Section 3.4.1, the risk hypothesis in this assessment: 
 
Pyrethroids and pyrethrins, when used indoors, in accordance with current labels, may 
result in off-site movement of the compound via wash-off into surface waters via drains 
and municipal wastewater treatment plants, leading to exposure of non-target aquatic 
plants and animals.  This potential exposure pathway may result in adverse effects 
upon the survival, growth, and/or reproduction of non-target aquatic animals, but not 
to non-target aquatic plants. 

 
The assessment concludes that the use of bifenthrin, cypermethrin, cyfluthrins, 

deltamethrin, esfenvalerate, cyhalothrins, permethrin and pyrethrins, when used in 
accordance with registered labels, can result in acute and/or chronic risk LOC exceedances 
for freshwater and estuarine/marine invertebrates, from the indoor down-the-drain 
exposure to POTWs which in turn result in releases to certain bodies of water.  
Additionally, it results in acute risk listed species LOC exceedances for freshwater fish for 
bifenthrin, lambda-cyhalothrin, cypermethrin and esfenvalerate, plus chronic risk LOC 
exceedances for freshwater fish for bifenthrin.  There are no potential acute or chronic risk 
LOC excedances for estuarine/marine fish, or acute listed or non-listed species LOC 
exceedances for vascular and non-vascular plants from the down-the-drain uses for 
bifenthrin, cypermethrin, cyfluthrin, deltamethrin, esfenvalerate, lambda-cyhalothrin, 
permethrin, and the pyrethrins.  Since it has no residential indoor down-the-drain uses, for 
fenpropathrin there is no potential risk to freshwater or estuarine/marine aquatic animals 
or aquatic plants. 

 
Two additional lines of evidence appear to support the conclusion that pyrethroids have 

a potential to cause acute and/or chronic risk for freshwater and estuarine/marine 
invertebrates: First, the monitoring of 31 POTWs in California shows that the pyrethroid 
concentrations in effluents are within an order of magnitude than it was predicted by E-
FAST’s DtD module.  Second, an analysis of the percent of days in a year that a 
concentration of concern (COC) is exceeded for the example chemical permethrin 
(excluding the pharmaceutical uses) for acute exposure is 89% (acute listed species COC 
for freshwater invertebrates), 42% (acute non-listed species COC for freshwater 
invertebrates) and 74% (acute listed species COC for estuarine/ marine invertebrates).  
These high percentages suggest that there is risk of concern. 

https://www.epa.gov/npdes/npdes-permit-limits#wet
https://www.epa.gov/npdes/npdes-permit-limits#wet
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Appendix A. Risk Quotient Method 
 
 

Risk characterization integrates the results of the exposure and ecotoxicity data to 
evaluate the likelihood of adverse ecological effects.  The means of this integration is called 
the quotient method.  Risk quotients (RQs) are calculated by dividing exposure estimates 
by acute and chronic ecotoxicity values.   
 
 RQ = EXPOSURE/TOXICITY 
 
 RQs are then compared to OPP's levels of concern (LOCs).  These LOCs are used 
by OPP to analyze potential risk to nontarget organisms and the need to consider regulatory 
action.  The criteria indicate that a pesticide used as directed has the potential to cause 
adverse effects on nontarget organisms.  LOCs currently address the following risk 
presumption categories: (1) acute risks - regulatory action may be warranted in addition to 
restricted use classification, (2) acute restricted use - the potential for acute risk is high, but 
may be mitigated through restricted use classification, (3) acute endangered species - 
endangered species may be adversely affected, and (4) chronic risk - the potential for 
chronic risk is high regulatory action may be warranted.   Currently, EFED does not 
perform assessments for chronic risk to plants, or chronic risk from granular/bait 
formulations to birds or mammals. 
 
 The ecotoxicity test values (measurement endpoints) used in the acute and chronic 
risk quotients are derived from required studies.  Examples of ecotoxicity values derived 
from short-term laboratory studies that assess acute effects are: (1) LC50 (fish and birds), 
(2) LD50 (birds and mammals), (3) EC50 (aquatic plants and aquatic invertebrates) and (4) 
EC25 (terrestrial plants).  Examples of toxicity test effect levels derived from the results of 
long-term laboratory studies that assess chronic effects are: (1) LOAEL or LOAEC (birds, 
fish, and aquatic invertebrates) and (2) NOAEL or NOAEC (birds, fish and aquatic 
invertebrates).  For birds, mammals, fish and aquatic invertebrates the NOAEL or NOAEC 
generally is used as the ecotoxicity test value in assessing chronic effects, although other 
values may be used when justified.  Risk presumptions and the corresponding RQs and 
LOCs, are tabulated below. 
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Table A-1. Summary of the levels of concern used for the risk quotient method. 
Risk Presumption RQ LOC 

Birds and mammals 

Acute Risk Diet-based EEC/LC50 or dose-based EEC/LD50 0.5 

Acute Restricted Use Diet-based EEC/LC50 or dose-based EEC/LD50 (or LD50 
< 50 mg/kg) 

0.2 

Acute Endangered Species Diet-based EEC/LC50 or dose-based EEC/LD50 0.1 

Chronic Risk Diet or dose-based EEC/NOAEC 1 

Aquatic Animals 

Acute Risk EEC/LC50 or EC50 0.5 

Acute Restricted Use EEC/LC50 or EC50 0.1 

Acute Endangered Species EEC/LC50 or EC50 0.05 

Chronic Risk EEC/NOAEC 1 

Terrestrial and Semi-Aquatic Plants, and Aquatic Plants 

Acute Risk EEC/EC25 1 

Acute Endangered Species EEC/EC05 or NOAEC 1 

Terrestrial Invertebrates 

Acute risk to bees EEC (adult contact)/LD50 (adult contact) 
EEC (adult or larval oral)/LD50 (adult or larval oral) 

0.4 

Chronic risk to bees EEC (adult contact)/NOAEC (adult contact) 
EEC (adult or larval oral)/NOAEC (adult or larval oral) 

1 
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Appendix B. Identification of Pesticides of Concern 
Likely to End Up in POTWs 

 
A number of indoor pesticide uses are considered to have lower potential for 

substantive releases to POTWs based on labeled uses.  These include labeled applications 
of indoor foggers, baits, crack and crevice treatment, and bed and mattress treatments 
where a hydrological connection to sewer systems is considered highly unlikely or at most, 
rare.  Considerable discussion arose around the use of ‘spot on’ treatments for pets (e.g., 
flea and tick control) as well as insecticide-impregnated collars.  With spot on treatments, 
it is expected (and advised on some pesticide labels) that shampooing soon after application 
of spot on treatments would reduce the efficacy of such treatments, and those would not be 
cost effective and discouraged. Regarding pet collars, the potential substantive releases to 
POTWs are considered low based on their expected slow release rate of pesticides from 
the collars. 
 

It is important to note that the pesticide uses identified in Table B-1 do not represent 
all potential sources of pesticide input to POTWs. Rather, they represent those uses that 
are currently being assessed as part of DtD modeling in OPP environmental risk 
assessments.  For example, pesticides may potentially be released by industrial discharges 
to POTWs from pesticide manufacturers.  However, such releases are subject to regulation 
under other environmental statutes and regulatory programs (e.g., state and federal 
pretreatment programs under the authority of the Clean Water Act), and not under FIFRA.  
It is recognized that certain outdoor residential uses of pesticides may contribute to 
pesticide loadings to storm water systems which are connected to POTWs. Modeling of 
outdoor residential use of pesticides in OPP environmental assessments is presently 
focused on direct loadings to surface water.  Information from the open literature suggests 
that some POTWs may experience greater flow during wet weather events even when 
direct connections to storm water inputs are not apparent (Weston and Lydy, 2010).  
Presumably, such inputs represent groundwater intrusion and/or fugitive inputs from storm 
water runoff.  For these and other sources of pesticides to POTWs unaccounted for in Table 
B-1, OPP is relying on targeted monitoring data to ascertain inputs to and discharges from 
POTWs. 

 
Table B-1. Identification of Pesticides of Concern Likely to End Up in POTW Effluents 
and/or Biosolids (EFED and AD Comparison Chart) 
Description of Use EFED1 AD 
Products registered for indoor domestic residential uses, certain indoor commercial facility uses (e.g., 
supermarkets, storage facilities, restaurants, and warehouses), and institutional uses (e.g., hospitals) 
Pet lotions or shampoos (e.g., treatment for fleas and ticks) Y n/a2 
Pesticide-containing pet collars and spot-on treatments NA n/a2 
Products for the treatment of shoes/clothing/textiles (e.g., miticides, 
sanitizers, deodorizers) 

Y Y3 

Pre-treated clothes/textiles, bed sheets, linens, etc. Y Y3 

Bed and mattress treatments (except products to treat bed sheets) NB N4 
Drain treatments that convey water to sanitary sewer systems (root 
herbicides) 

Y n/a5  
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Description of Use EFED1 AD 
Storm drain/storm system treatments (e.g., root herbicides and filtration 
media for storm water filtration systems) 

Y6 Y6 

Sewage system treatments (e.g., filtration media for municipal 
wastewater filtration) 

Y6 Y6 

Carpet treatments (except materials preservatives) removed from 
carpets during shampooing then subsequently disposed with wash water 
down-the-drain  

Y Y 

Lice shampoos, skin lotion treatments (e.g., for mites) N12 n/a2 
Toilet bowl cleaners n/a7 Y 
Shower, sink, and bathtub cleaning products n/a7 Y 
Sanitizers and deodorizers applied to sinks, showers, dishes, 
countertops, etc. that are subsequently rinsed down-the-drain 

n/a7 Y3 

Dishwashing liquids and detergents  n/a7 Y 
Laundry detergents used in residences, commercial laundries, and 
institutional establishments (e.g., hospitals) 

n/a7 Y 

Laundry detergents used in industrial  laundries n/a7 Y8 
Products, such as insecticides, intended to treat wood, walls, floors, spot 
treatments, or crack and crevice 

NC N 

Foggers NC N 
Sprays (surface and space) NC Y3 
Aerosols NC N 
Antifouling products n/a7 Y 
Egg washing treatments and/or fruit and vegetable rinses Y Y 

Products registered for outdoor domestic residential uses 

Pool, spa, and fountain treatments (some localities require draining to 
sanitary sewer) 

Y Y 

Residential and domestic products intended for outdoor applications 
(except pool, spa, and fountain treatments) 

ND N9 

Wood preservatives and stains (excludes industrial application during 
processing) 

N N10 

Oil and gas well production process water / recovery N Y11 
Footnotes: 
A Pet collars and spot on treatments have a low potential for substantive release down the drain going to 

POTW. 
B Bed mattress treatments do not lead to a complete exposure pathway down the drain. 
C These uses will not lead to a substantial amount of chemical going down the drains and/or they do not 

represent complete exposure pathways. 
D This use does not lead to direct down the drain exposure going to POTWs. 

1 If monitoring of POTW effluent shows that a pesticide is present, this may be an indication that an 
assessment may be required. 

2 Not an antimicrobial pesticide use pattern 
3 This type of end-use for an antimicrobial pesticide would typically be listed on a label along with several 

other end uses.  As a screen to estimate potential exposures and risks to humans and aquatic organisms 
from releases of an antimicrobial pesticide from domestic wastewater treatment plants, the contribution 
from all of these end-uses would be considered rather than this end use alone.  The total production volume 
for the antimicrobial pesticide would be used as an input to the DtD module of E-FAST and the resulting 
estimate of exposure would include, but not be limited to, this specific use. 

4 Although materials preservatives are used in mattresses, these chemicals might be released to industrial 
WWTPs during application, but would not be expected to be released to domestic WWTPs. 

5 No known antimicrobial use 
6 These types of uses can potentially lead to acute adverse effects to microorganisms at WWTPs immediately 

downstream of application sites.  For these types of uses that are sporadic and localized, the down-the-drain 
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module of E-FAST will tend to underestimate concentrations of chemicals entering WWTPs immediately 
downstream of application sites and corresponding concentrations of chemicals in receiving waters 
downstream of these WWTPs. 

7 Not a conventional pesticide use pattern 
8 Releases from this use are expected to be predominantly to industrial WWTPs; the down-the-drain module 

of E-FAST is not appropriate for estimating exposures from releases to industrial WWTPs. 
9 AD does, however, examine releases during processing and industrial use for residential/domestic products 

intended for outdoor applications (e.g., pressure-treated wood products) 
10 Releases from this use are to industrial WWTPs only.  The down-the-drain module of E-FAST is not 

appropriate for estimating exposure from releases to industrial WWTPs.  The appropriate module of E-
FAST to use is the General Population Exposures from Industrial Releases module. 

11 Releases from this use can be to domestic or industrial WWTPs. 
12 These products are regulated by FDA, but if the active ingredient in these products is also a pesticidal active 

ingredient, the risk assessor should consider the pesticidal uses in the ecological risk assessment. 
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Appendix C. Example Output File for Permethrin 
 
 

INITIAL REVIEW EXPOSURE REPORT 
 
CHEMICAL ID: tmpcas 
 

ENVIRONMENTAL RELEASES OF CHEMICALS IN HOUSEHOLD PRODUCTS 

SCENARIO #: 1 EXPOSED POPULATION: Adult 

 
WWT 

REMOVAL 
(%) 

PRODUCTION 
VOLUME 

(kg/yr) 

HOUSEHOLD 
RELEASE 

DAYS 

PRETREATMENT 
RELEASE 

(g/person/day) 

POST-TREATMENT 
RELEASE 

(g/person/day) 

BODY 
WEIGHT 

(kg) 

 
BCF 

(L/kg) 

93.40 7710.00 365.00 7.26E-05 4.79E-06 80.00 0.00 

 
High-end scenario  

CONCENTRATION  
OF CONCERN 

(ug/L) 

NUMBER OF DAYS CONCENTRATION OF 
CONCERN EXCEEDED 

PERCENT OF YEAR CONCENTRATION OF 
CONCERN EXCEEDED 

3.30E-04 
3.30E-03 
9.00E-04 

326.61 
153.95 
268.48 

89.48 
42.18 
73.56 

 
 

10th PERCENTILE DRINKING WATER AND FISH  INGESTION EXPOSURE ESTIMATES 

 
Exposure 

Units Drinking Water Results Fish Ingestion Results 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

DW IR 
(L/day) 

FISH IR 
 (g/day) 

Cancer 

LADDpot  1.48E-08 mg/kg/day N/A mg/kg/day 57.00 78.00 1.04 7.50 

LADCpot  1.14E-06 mg/L N/A mg/kg 57.00 78.00 NA NA 

Acute 

ADRpot 2.60E-07 mg/kg/day N/A mg/kg/day  NA 1 day 3.03 279.00 
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50th PERCENTILE DRINKING WATER AND FISH  INGESTION EXPOSURE ESTIMATES 

 
Exposure 

Units Drinking Water Results Fish Ingestion Results 

ASSUMPTIONS 

ED 
(years) 

AT 
(years) 

DW IR 
(L/day) 

FISH IR 
 (g/day) 

Cancer 

LADDpot  8.75E-10 mg/kg/day N/A mg/kg/day 57.00 78.00 1.04 7.50 

LADCpot  6.70E-08 mg/L N/A mg/kg 57.00 78.00 NA NA 

Acute 

ADRpot 1.18E-08 mg/kg/day N/A mg/kg/day  NA 1 day 3.03 279.00 

 
 

50th PERCENTILE AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

DESCRIPTOR Harmonic Mean 30Q5 7Q10 1Q10 

STREAM DILUTION FACTOR 134.85 39.66 24.22 20.08 

CONCENTRATION (μg/L) 9.16E-05 3.12E-04 5.10E-04 6.15E-04 

 
 

10th PERCENTILE AQUATIC EXPOSURE ESTIMATES - SURFACE WATER 

DESCRIPTOR Harmonic Mean 30Q5 7Q10 1Q10 

STREAM DILUTION FACTOR 7.95 1.80 1.00 1.00 

CONCENTRATION (μg/L) 1.55E-03 6.86E-03 1.24E-02 1.24E-02 

 



Chapter 5

Occurrence and Sources of Pesticides to
Urban Wastewater and the Environment
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Municipal wastewater has not been extensively examined as
a pathway by which pesticides contaminate surface water,
particularly relative to the well-recognized pathways of
agricultural and urban runoff. A state-of-the-science review of
the occurrence and fate of current-use pesticides in wastewater,
both before and after treatment, indicates this pathway is
significant and should not be overlooked. A comprehensive
conceptual model is presented to establish all relevant
pesticide-use patterns with the potential for both direct and
indirect down-the-drain transport. Review of available studies
from the United States indicates 42 pesticides in current use.
While pesticides and pesticide degradates have been identified
in wastewater, many more have never been examined in this
matrix. Conventional wastewater treatment technologies are
generally ineffective at removing pesticides from wastewater,
with high removal efficiency only observed in the case of
highly hydrophobic compounds, such as pyrethroids. Aquatic
life reference values can be exceeded in undiluted effluents.
For example, seven compounds, including three pyrethroids,
carbaryl, fipronil and its sulfone degradate, and imidacloprid,
were detected in treated wastewater effluent at levels exceeding
U.S. Environmental Protection Agency (US EPA) aquatic life
benchmarks for chronic exposure to invertebrates. Pesticides
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passing through wastewater treatment plants (WWTPs) merit
prioritization for additional study to identify sources and
appropriate pollution-prevention strategies. Two case studies,
diazinon and chlorpyrifos in household pesticide products,
and fipronil and imidacloprid in pet flea control products,
highlight the importance of identifying neglected sources of
environmental contamination via the wastewater pathway.
Additional monitoring and modeling studies are needed to
inform source control and prevention of undesirable alternative
solutions.

Introduction

Pesticide pollution has long been recognized in agriculturally impacted
surface waters. A growing body of work indicates pesticide pollution is common
in urban waterways as well (1–5). This pollution has been directly linked to
urban and agricultural runoff associated with rainfall (stormwater) and irrigation.
There are abundant agricultural and urban runoff monitoring data, mechanistic
field and laboratory transport studies, and robust modeling tools to predict the
environmental fate of specific chemicals under various outdoor agricultural and
urban application scenarios (6–8).

Much less is known about the occurrence of pesticides contained in treated
municipal wastewater effluent discharging to surface waters. Unlike most
urban or agricultural runoff, municipal wastewater is treated prior to discharge
into receiving waters. Limited data exist on the efficacy of typical municipal
wastewater treatment technologies for pesticide removal; however, available
results suggest that these treatment processes — which were not designed to
address trace chemical contaminants — are insufficient to reduce pesticide
concentrations below aquatic toxicity thresholds (9–11).

Treated wastewater effluent continuously discharged into surface waters
represents an ongoing source of contaminants recalcitrant to removal. Treated
wastewater effluent can dominate flow in streams and rivers in arid regions, as
well as in estuarine environments with limited hydrodynamic exchange with
the ocean (12). An understanding of the relative contribution of pesticides in
wastewater effluent is essential to developing suitable management strategies for
total pesticide loading to surface water.

The goal of this chapter is to provide a state-of-the-science review of the
occurrence and fate of pesticide active ingredients (“pesticides”) in wastewater
influent and in effluent discharged to surface waters that serve as habitat for
aquatic life. We do this through: (1) presenting a robust conceptual model
of pesticide uses (“use patterns”) available for down-the-drain transport; (2)
summarizing all available journal-published monitoring data for current-use
pesticides in United States (U.S.) wastewater treatment plants (WWTPs) influent
and effluent; (3) presenting case studies that detail significant pesticide pathways;
and (4) identifying gaps in monitoring and specific use patterns where research
efforts should be focused. Other WWTP emissions and products (e.g., biosolids,
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air emissions, recycled water) and other uses of treated effluent (e.g., for direct
or indirect potable use) are acknowledged, but are beyond the scope of the
monitoring data literature review provided.

This review focuses primarily on discharges to indoor drains that flow to
separated municipal sewer systems designed to only carry indoor discharges; it
does not address combined sewer systems that mix urban runoff with wastewater
from indoor drains. While combined sewer systems are not uncommon in older
urban areas of the U.S., most modern sanitary sewer systems do not provide
significant drainage for urban runoff arising from precipitation events.

Pesticide-use patterns are strongly influenced by government regulation;
therefore, the scope of this review was limited to the U.S., because of the relatively
uniform regulatory structure in place. Of note, a significant proportion of U.S.
monitoring data is from the state of California. For purposes of this review, we
will not consider metals or antimicrobial pesticides (e.g., triclosan, triclocarban).
Although there are pesticide products that contain metals as an active ingredient,
additional nonpesticidal sources complicate the interpretation of available data.
Similarly, antimicrobial active ingredients are present in products regulated as
pesticides, as well as in personal care products regulated by agencies designed to
protect human health. Compounds used both as pharmaceuticals and pesticides
were also excluded, such as the blood thinner and rodenticide warfarin.

Regulatory Framework Relevant to Urban and
Consumer Pesticide Applications

The U.S. Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
requires that all pesticide products are registered by the U.S. Environmental
Protection Agency (US EPA) and places controls on the sale and use of
pesticides. FIFRA requires pesticide manufacturers to submit supporting studies
to demonstrate the efficacy and safety of proposed products. The US EPA
then reviews the environmental fate and potential risks of pesticide products.
Following federal registration, additional supporting studies may be required
prior to registration in any particular state.

The US EPA includes municipal wastewater (“down-the-drain”) modeling
as a part of its pesticide registration evaluation and periodic reviews (13). The
current US EPAmodel framework would benefit from an improved understanding
of which pesticide-use patterns result in down-the-drain transport. Furthermore,
information on the fraction of pesticide applied that are dislodged and reach indoor
drains via specific-use patterns would improve modeling capabilities.

Product labels evaluated and approved by US EPA during pesticide
registration, specify use patterns and application requirements. Pesticide labels
are considered enforceable and regulators have the authority to assess fines and
penalties for pesticides not applied according to label directions. State and local
authorities can implement additional mitigation measures to address off-site
pesticide transport through professional applicator permit conditions or through
regulations.
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Unlike professional applications, consumer use of pesticides, though
widespread, has relatively limited regulation. This has crucial implications for
the composition of wastewater, as consumer applications often dominate the
pesticide-use patterns most likely to result in down-the-drain pesticide transport.
It is not practical in such cases to enforce or to instruct individual consumers
on safe pesticide use, the more difficult source reduction approach must be used
to prevent and mitigate wastewater pesticide contamination. Gaining a robust
understanding of pesticide-use patterns that result in down-the-drain transport and
relative source contribution is necessary to develop successful source reduction
measures.

Another U.S. law, the Clean Water Act also requires that states implement
enforceable effluent pollutant limits on wastewater dischargers, including
WWTPs. In California, where much of the monitoring data were developed,
the State and Regional Water Quality Control Boards develop and implement
these limits. Pesticides in wastewater effluent have posed a significant regulatory
challenge for California water-quality regulators, particularly after a study found
pyrethroids in the effluents of 28 of 31 municipal WWTPs, in some cases at
concentrations higher than US EPA aquatic life benchmarks (10). For example, the
Central Valley Regional Water Quality Control Board developed an amendment
of a water-quality control plan to address the occurrence of pyrethroids in the
entire Central Valley basin, including contributions from WWTPs (14).

WWTPs are legally responsible for limiting chemicals discharged to the
environment; however, local municipal agencies like WWTPs cannot regulate
the sale and use of pesticides in their service areas. California’s Department of
Pesticide Regulation (DPR), in partnership with the US EPA, has the regulatory
authority over use and sale of pesticides in the state. Collaborative efforts between
DPR and WWTPs to generate useful data to inform regulatory decisions are well
underway.

A Conceptual Model of Pathways by Which Pesticide Sources
Enter Wastewater Systems

A comprehensive conceptual model elucidates the multiple sources and
pathways by which pesticides can enter municipal wastewater (Figure 1). The
model must consider the entire region drained by the sewer system, also known
as the sewershed. Refined conceptual models specific to particular pesticides
or product types can be used to identify key sources whose control would
most effectively reduce levels of pesticides in wastewater and receiving waters.
Such models also enable enhanced evaluation of pesticide products during the
registration process (6).
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Figure 1. Conceptual model of sources of current-use pesticides to municipal
wastewater. Black text is used to describe sources.
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Readily identifiable and direct sources of pesticides to municipal wastewater
are topical products intended to be rinsed down the drain, such as pesticidal
shampoos. Examples for humans include over-the-counter shampoo treatments
for lice (pediculicides) with pyrethrins or permethrin, or prescription-strength
products with ivermectin, malathion, or spinosad. Examples for pets include
flea and tick shampoos containing pyrethrins, permethrin, pyriproxyfen, and
s-methoprene.

Other topical pesticide products may not be designed specifically for rinse-off
application, but nevertheless enter municipal wastewater through bathing and
cleaning activities. For example, after human dermal application of insect
repellents containing N,N-diethyl-m-toluamide (DEET), the compound is washed
from the skin while bathing and enters the municipal wastewater system. DEET
has been widely detected in both wastewater influent and effluent (15).

Topical spot-on or spray pesticide products for flea and tick control are
commonly applied to pets; pesticides include fipronil, imidacloprid, s-methoprene,
pyriproxyfen, pyrethrins, permethrin and other pyrethroids, etofenprox,
dinotefuran, indoxacarb, spinetoram, and selamectin (16–18). These pesticides
enter municipal wastewater through multiple pathways including pet bathing
(19), transfer to humans via petting (20–25) followed by washing and bathing;
and transfer to pet bedding (23–26), interior surfaces, and house dust (27–30),
followed by cleaning and laundering activities that result in down-the-drain
discharges. Commercial pet grooming facilities are likely to discharge notable
levels of pesticides from products used to treat pets (19).

Bathing, residential cleaning, and laundry activities are expected to result
in pesticide discharge to municipal wastewater from a variety of other urban
applications, including: (1) indoor pest-control products such as sprays, foggers,
and crack and crevice treatments; (2) pesticide-impregnated construction and
building materials; and (3) pesticide-treated clothing, pet bedding, and other
textiles. Disposal of indoor-use pesticides, including improper cleanup of
accidental spills by either professional applicators or consumers, likely results in
larger sporadic discharges to wastewater. Commercial laundry facilities serving
professional pesticide applicators or agricultural workers may also release larger
loads of pesticides to the municipal sewer system.

Pesticides more generally associated with outdoor uses and urban runoff can
also make their way into wastewater via transport indoors followed by washing,
cleaning, and laundry activities. Pesticides in outdoor-use products can be tracked
indoors via shoes, clothing, and skin (27, 31), with higher levels observed for
professional pesticide applicators and agricultural workers (28, 31, 32). Indoor
contamination can also result from air deposition of volatile or spray pesticide
applications from nearby outdoor settings (33).

Another potential indirect source of pesticides to wastewater is human
waste contaminated via pesticide ingestion and via other indoor or occupational
exposures. Some pesticides have been observed in human urine (34); however,
due to lack of data, this indirect pathway is only suspected for other pesticides.

Contaminated drinking water can be a source of pesticides to municipal
wastewater systems. Pesticides applied in the vicinity of both surface water and
groundwater supplies can result in broad, low-level environmental contamination.
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Because conventional drinking water treatment technologies were not designed to
remove pesticides, these compounds may persist in finished drinking water. For
example, recent studies in the U.S. have documented neonicotinoid insecticides
(35) (clothianidin, imidacloprid, and thiamethoxam) and herbicides (36)
(atrazine and metolachlor) in finished drinking water. While such findings have
implications for human exposure to pesticides, they can also contribute to the
presence of these compounds in wastewater.

Additional sources of pesticides to wastewater include herbicides designed
to be flushed through sewer drains and sewer lines to kill roots penetrating pipes;
products to control bacteria and algae in swimming pools, hot tubs, spas, and
decorative fountains or water features draining to the municipal sewer system;
specialized biocides used in cooling towers; insecticides and fungicides used in
hydroponic cultivation, particularly for cannabis; and pesticides used at plant
nurseries, including large chain retailers with nursery departments. More diffuse
sources of pesticides traveling via urban stormwater runoff or subsurface flows
can also infiltrate wastewater collection systems via cracks or leaks in sewer
pipes, even when flows are not deliberately directed to sewers. Infiltration is
suspected to provide an indirect, underground point of entry for other outdoor
urban applications of pesticidal products (including injected termiticides). A
sewer system’s vulnerability to infiltration increases with deterioration of pipes,
typically a function of infrastructure age.

All pesticides entering municipal wastewater collection systems are subjected
to wastewater treatment. Conventional treatment technologies are designed
primarily to handle human waste and food waste compounds present at relatively
high concentrations, and often have limited efficacy in eliminating unique
pesticide compounds present at nanogram/liter (ng/L) concentrations. Any
contamination that does not partition to solids or degrade during treatment is
discharged to receiving waters via treated wastewater effluent.

Monitoring data are sparse for many of the products or use patterns
emphasized in this conceptual model. For example, many sources are associated
with nonprofessional or consumer applications; unfortunately, consumer pesticide
use practices are poorly characterized. Door-to-door surveys suggest widespread
pesticide use in residences (37), and surveys of store shelves indicate ready access
to an evolving array of pesticides in consumer-use products (38). Other sources
of pesticides that are both poorly understood and may increase in use over time
include those associated with construction and building materials, textiles such
as clothing or mattresses, and hydroponic cannabis-growing operations. These
gaps in understanding limit our ability to identify the most significant sources of
pesticides found in wastewater.

Comprehensive Review of Available Current-Use Pesticide
Influent and Effluent Data for the United States

Municipal wastewater has long been recognized as a pathway for discharge
to receiving waters of contaminants derived from pharmaceuticals, personal care
and cleaning formulations, and other consumer products; however, relatively few
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studies have evaluated this pathway for pesticides in current-use pesticides. This
dearth of data is not surprising given that, prior to this publication, there has been
no comprehensive conceptual model describing the potential pathways by which
pesticides enter wastewater.

Presented here is a compilation of data from peer-reviewed publications
describing the occurrence of current-use pesticides in influent and effluent (Table
1). The data compilation was limited to the U.S., and metals, antimicrobials,
and pesticides also used as pharmaceuticals were excluded, as they may be
derived from multiple additional sources not governed by pesticide regulation.
Wastewater treatment processes vary from plant to plant. In this review we did
not distinguish the type or level of treatment for specific monitoring results. In the
U.S., municipal WWTPs utilize primary and secondary treatment at a minimum
while advanced or tertiary treatment is common in densely populated city centers.

This extensive review of the scientific literature revealed wastewater influent
and/or effluent detections for 20 insecticides and degradates, one insect repellent,
18 herbicides and degradates, two fungicides, and one wood preservative. The
literature review found no detections for 39 additional pesticides and degradates.
This review found information on a total of 81 pesticides in wastewater, which
represents a small fraction of the hundreds of pesticides registered for use in the
U.S. While information on a limited number of additional pesticide analytes may
be available in grey literature, this does not alter the fact that there is a substantial
shortage of data on current-use pesticides.

Some studies provide paired influent and effluent data that can be used to
estimate removal efficiency of conventional wastewater treatment technologies.
High levels of removal, 80–100% reductions observed following treatment, were
only seen in studies of pyrethroids and high removals did not occur in all sampled
WWTPs (9, 10). This is not unexpected, as conventional wastewater treatment
is focused on nutrient and pathogen removal, rather than removal or degradation
of low levels of bioactive compounds with wide-ranging physicochemical
properties. For some compounds, paired influent and effluent data are not
available, preventing an estimate of removal efficiency.
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Table 1. Occurrence of Pesticides in Wastewater Influent and Effluent in the U.S.

Pesticides & Degradates Inf./Eff. Range (ng/L)a Median (ng/L)b DF
(%)

No. of
Samples

No. of
Facilities

References

2,4-D Eff. <100–1890 <100 3 102 52 (39)

2,4-DB Eff. <610–7440 <610 10 102 52 (39)

2,4-Dichlorophenol* Eff. <19–470 <19 62 102 52 (39)

Acetamiprid Inf. 3–4.7 3.2 100 5 1 (40)

Eff. 0.6–5.7 1.3–1.7 76 17 13 (40)

Acetamiprid-N-desmethyl* Inf. <0.6 <0.6 0 5 1 (40)

Eff. 1.1–1.6 1.2 100 5 1 (40)

Acetochlor Eff. <0.89–240 1.3 61 38 3 (41–43)

Atrazine Inf. 1–67 2–18.4 100 19 4 (44–46)

Eff. <7–390 <7–29 82 67 16 (41–44, 46, 47)

Bifenthrin Inf. <0.1–74 7.7–20.3 96 80 32 (9, 10)

Eff. <0.1–14.1 <1–10.3 71 92 34 (9, 10, 48, 49)

Carbaryl Eff. <0.49–663 <41 9 140 55 (39, 41–43)

Chlorpropham Eff. <7.7–72.4 <7.7 3 102 52 (39)

Chlorpyrifos Inf. <1–81.9 15.2 85 13 1 (9)

Eff. <1–24.1 <1–3 40 30 5 (9, 41, 42, 49)

Continued on next page.
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Table 1. (Continued). Occurrence of Pesticides in Wastewater Influent and Effluent in the U.S.

Pesticides & Degradates Inf./Eff. Range (ng/L)a Median (ng/L)b DF
(%)

No. of
Samples

No. of
Facilities

References

Clothianidin Inf. <0.9–666 18 80 5 1 (40)

Eff. <0.9–347 12.5–45.3 47 17 13 (40)

Cyfluthrin Inf. <0.8–55 <1–8.85 74 80 32 (9, 10)

Eff. <0.2–4 <1–0.3 42 90 34 (9, 10, 49)

Cypermethrin Inf. <0.8–200 18–27.3 99 80 32 (9, 10)

Eff. <0.167–17 <1–1.3 56 90 34 (9, 10, 49)

DEETc Inf. 413–42,300 413–10,100 100 18 4 (44, 45, 50)

Eff. <5–13,600 25–675 85 171 69 (39, 43, 44, 50–53)

Deltamethrin Inf. <1.6–210d <3.33 42 67 31 (10)

Eff. <0.2–2.7 <1 15 81 34 (10, 49)

Diazinon Eff. <5–150 <5–38 64 25 22 (41, 42, 47, 51)

Dicamba Eff. <300–760 <300 3 102 52 (39)

Dichlorprop Eff. <300–370 <300 1 102 52 (39)

Diuron Eff. <4–775 <4 46 102 52 (39)

Esfenvalerate Inf. <1.6–360d <1.67–2.3 46 67 31 (10)

Eff. <0.167–3.7 <1 27 81 34 (10, 49)

Fenpropathrin Inf. <0.8–130 e <1.67 4 67 31 (10)
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Pesticides & Degradates Inf./Eff. Range (ng/L)a Median (ng/L)b DF
(%)

No. of
Samples

No. of
Facilities

References

Eff. <0.167–0.8 <1 2 81 34 (10, 49)

Fipronil Inf. <20–146 30–70.5 66 41 33 (11, 54)

Eff. <0.5–340 30–104 67 57 40 (11, 41, 42, 54, 55)

Fipronil amide* Inf. <0.3 <0.3 0 8 8 (11)

Eff. <0.3–19.8 1.25–6.7 95 21 13 (11, 55)

Fipronil desulfinyl* Inf. <0.5–5.5 <0.8 19 16 8 (11)

Eff. <0.5–30.8 <0.8–9.4 56 32 15 (11, 41, 42, 55)

Fipronil sulfide* Inf. <0.5–5.2 1.95–2.05 81 16 8 (11)

Eff. <0.5–52.2 <5–8.4 81 32 15 (11, 41, 42, 55)

Fipronil sulfone* Inf. <0.5–31.2 8–23.1 94 16 8 (11)

Eff. <0.5–79.1 <5–30.7 88 32 15 (11, 41, 42, 55)

Fluridone Eff. <7.7–27 <7.7 1 102 52 (39)

Glyphosate Eff. <100–2000 <100 27 11 10 (47)

Imazapyr Eff. <40–17,200 <40 9 102 52 (39)

Imidacloprid Inf. 30–306 51.4–161 100 21 17 (11, 40)

Eff. 18.5–305 48.3–164 100 25 21 (11, 40)f

Lambda-cyhalothrin Inf. <0.8–72 2.4–16 78 80 32 (9, 10)

Continued on next page.
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Table 1. (Continued). Occurrence of Pesticides in Wastewater Influent and Effluent in the U.S.

Pesticides & Degradates Inf./Eff. Range (ng/L)a Median (ng/L)b DF
(%)

No. of
Samples

No. of
Facilities

References

Eff. <0.167–5.5 <1 41 90 34 (9, 10, 49)

Mecoprop Eff. <0.28–72 4 80 35 1 (43)

Metolachlor Eff. <0.9–98 <6–75 74 38 3 (41–43)

Pentachloro-phenol Eff. <100–300 <100 2 102 52 (39)

Permethrin Inf. 30–3800 180–315 100 80 32 (9, 10)

Eff. <1–170 <1–21.4 64 90 34 (9, 10, 49)

Prometon Eff. <4–64 <10 4 105 54 (39, 41, 42)

Propiconazole Eff. <20–9020 <20 3 102 52 (39)

Simazine Eff. <4–56 <4 1 105 54 (39, 41, 42)

Terbuthylazine Eff. <4–61 <4 1 102 52 (39)
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Pesticides & Degradates Inf./Eff. Range (ng/L)a Median (ng/L)b DF
(%)

No. of
Samples

No. of
Facilities

References

Thiabendazole Eff. 24–27 25.5 100 2 2 (52)

Triclopyr Eff. <300–3900 <300 11 102 52 (39)

Inf. = Influent; eff. = effluent. DF = detection frequency. MDL = method detection limit. * indicates compound is a degradate a If minimum is nondetect,
the lowestMDL is reported. bRange of medians reported by the studies. c (15) conducted a broader review onDEET and reported amaximum concentration
of 8480 and 14,000 ng/L, and a DF of 100% (sample size = 71) and 88.1% (sample size = 310) in influent and effluent, respectively, in wastewater treatment
plants in the US. d The maximum concentration is substantially greater than the second largest value (29 and 29 ng/L for deltamethrin and esfenvalerate,
respectively.) e There are three detections out of 67 samples: 360, 100, and 1.3 ng/L. f (39) sampled effluent from 52 WWTPs in Oregon and analyzed for
imidacloprid. DF was 9.8% (10 out of 102 samples) at MDL=20 ng/L with a median (median of detections) of 237 ng/L and maximum of 387 ng/L. The study
was not included in the table because theMDLwas relatively high, which resulted in a considerably lower DF, compared to other studies. Pesticides analyzed
but not detected [MDL, ng/L]: alachlor [5], azinphos-methyl [50], α-hexachlorohexane [5], benfluralin [10], butylate [4], carbofuran [20], cis-permethrin [6],
cyanazine [18], dacthal [3], dieldrin [9], dinotefuran [32.6], disulfoton [20], EPTC [2], ethalfluralin [9], ethoprophos [5], fipronil desulfinyl amide [9], fonofos
[3], linuron [35], malathion [27], metribuzin [6], molinate [2], napropamide [7], parathion [10], parathion-methyl [15], pebulate [4], pendimethalin [22],
phorate [11], propachlor [10], propanil [11], propargite [20], propyzamide [4], tebuthiuron [16], terbacil [34], terbufos [17], thiacloprid [0.1], thiamethoxam
[0.3], thiobencarb [5], tri-allate [2], trifluralin [9] (40–42).
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Relative Ecotoxicity of Pesticides in Effluent

For those pesticides for which effluent monitoring data exist, compounds
found at concentrations exceeding aquatic toxicity thresholds are typically
prioritized for source identification and management action. The continuous
discharge of treated municipal wastewater effluent containing pesticides at such
levels suggests a potential for harm, particularly to sensitive aquatic species in
highly impacted ecosystems, such as effluent-dominated streams.

Pesticides—particularly insecticides—in WWTP effluent can exceed aquatic
toxicity based reference values. For example, observed WWTP pesticide effluent
concentrations (Table 1) exceeded the following US EPA chronic invertebrate
aquatic life pesticide benchmarks (56): the pyrethroids bifenthrin (1.3 ng/L),
lambda-cyhalothrin (2 ng/L), and permethrin (1.4 ng/L); carbaryl (500 ng/L);
fipronil (11 ng/L) and its degradate, fipronil sulfone (37 ng/L); and imidacloprid
(10 ng/L). Other pesticides detected in effluent at levels above 50% of the lowest
available US EPA aquatic life pesticide benchmark include: the pyrethroids
cyfluthrin (7.4 ng/L) and deltamethrin (4.1 ng/L); chlorpyrifos (40 ng/L); diazinon
(170 ng/L); and imazapyr (24,000 ng/L).

While identifying effluent pesticide levels exceeding reference values is
useful for prioritization, this alone is not proof of harm. The potential for
adverse impacts on aquatic species depends not only on discharged pesticide
concentrations, but also on site-specific factors in the receiving waters. Such
factors include: (1) dilution; (2) the presence of the pesticide in question in other
discharges (e.g., urban stormwater runoff); (3) the presence of other contaminants
that may cause additive, synergistic, or antagonistic effects (e.g., related pesticides
and pharmaceuticals); and (4) the presence of substances that alter bioavailability
or toxicity (e.g., dissolved organic carbon). Processes such as biodegradation
and partitioning in receiving waters can also have long-term implications for the
potential for adverse impacts to wildlife.

Gaps in available ecotoxicity data must also be acknowledged, as a lack of
understanding of potential risks could lead to unexpected impacts. For example,
relatively few studies of pesticide toxicity relevant to saltwater species and
estuarine or marine receiving waters are available. Fewer ecotoxicity studies
are available for pesticide degradates, metabolites, and transformation products
(e.g., disinfection byproducts) relative to parent compounds. Additionally, few
reference values (e.g., US EPA pesticide aquatic life benchmarks) have been
developed to specifically address these compounds.

Nevertheless, the presence of a pesticide in effluent at levels exceeding
reference values (e.g.,US EPA pesticide aquatic life benchmarks and other aquatic
toxicity thresholds) signals the need for a closer examination of its sources, uses,
and pathways to wastewater.

Case Studies Illustrating Use of WWTP Monitoring Data and
Conceptual Models

Compound-specific conceptual models can guide targeted examinations of:
(1) the relative quantities of the identified active ingredient in available pesticide
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products; (2) the pathways of transport relevant to these products; and (3) the
relative contributions of different types of wastewater discharge to the sewer
system, including residential and key commercial or industrial facilities. Two case
studies that illustrate this approach can provide evidence to guide management
actions designed to reduce the presence of pesticides in surface water.

Case Study: Diazinon and Chlorpyrifos

Toxicity testing in the late 1980s found that effluent from the Central Contra
Costa Sanitary District WWTP (Martinez, California) was acutely toxic to
Ceriodaphnia dubia. In accordance with the Clean Water Act and the California
Porter Cologne Act, the San Francisco Regional Water Quality Control Board
required toxicity identification evaluations (TIEs) to determine the cause of the
toxicity. The TIE studies suggested that the combination of two organophosphate
pesticides, diazinon and chlorpyrifos, was causing the effluent toxicity. At the
time, these pesticides were commonly found in products available directly to
consumers, including lawn and garden products, indoor pest control products,
and flea and tick treatments for pets (57).

DPR partnered with Central Contra Costa Sanitary District to conduct
wastewater sampling to better understand potential sources. Sampling included
influent and subsewershed sites (i.e., residential areas and commercial locations).
Commercial sampling focused on sites expected to introduce higher relative
pesticide loads to the wastewater catchment, including pet groomers, kennels, and
pest-control businesses. Diazinon and chlorpyrifos were detected in all 37 influent
daily-composite samples, with mean values of 310 and 190 ng/L, respectively.
Pesticide concentrations reported in residential sewage ranged from ND–4300
and ND–1200 ng/L for diazinon and chlorpyrifos, respectively. Commercial
sampling locations contained the highest measured concentrations: 20,000 ng/L
of diazinon in sewage from a kennel, and 38,000 ng/L of chlorpyrifos in sewage
from a pet groomer.

Mass balance calculations determined that the overall mass contribution
from residential sewage dominated the total pesticide mass entering the WWTP.
Although the residential sewage concentrations were much lower, due to the
higher residential flow rate, the residential contribution (82%) greatly exceeded
the commercial contributions (6%) (57). This subsewershed study highlighted
the need to understand pesticide sources, pathways, and relative contributions to
establish a robust conceptual model and inform effective mitigation solutions.

As noted previously, the US EPA conducts registration reviews for actively-
registered products. As a part of the re-registration review process in the early
2000s, concerns over human health arose for both pesticides. In 2000, registrants
voluntarily agreed to terminate almost all indoor residential uses of chlorpyrifos
in 2001, and all indoor residential uses of diazinon in 2002 (58, 59).

Limited available long-term monitoring data suggest a general reduction
in chlorpyrifos and diazinon WWTP influent concentrations as a result of this
near complete phase-out of their indoor uses. Weston et al. (9). reported a
median of 15.2 ng/L for chlorpyrifos in influent from another California WWTP
sampled 2010–2012, representing an order of magnitude reduction from 1996
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results. Similarly, the median diazinon influent concentration reported in a US
EPA WWTP survey conducted in 2005–2008 was <10 ng/L (60). Conducting
long-term monitoring in parallel with mitigation measure implementation would
ensure that source control measures do indeed result in reduced chemical loading.

Of note, the data presented in Singhasemanon et al. (57) were not included
in Table 1, as they primarily represent contributions from products no longer in
current use. Current consumer insecticidal product replacements now typically
contain active ingredients such as pyrethroids, and more recently fipronil and
imidacloprid. Unfortunately, the use reduction of organophosphates has coincided
with an increase in pyrethroid occurrence in wastewater influent. As noted
previously, effluent levels of pyrethroids, as well as newer replacements fipronil
and imidacloprid, now exceed US EPA aquatic life benchmarks.

Case Study: Fipronil and Imidacloprid in Pet Flea and Tick Treatments

To keep homes and pets free of fleas and ticks, treatment of dogs and cats with
pesticides has been common for several decades. Shortly before the phase-out
of most pet flea shampoos in the early 2000s, a new class of spot-on flea control
products for pets entered the market. Fipronil and imidacloprid are common active
ingredients in these popular topical products (18).

While occurrence data for both fipronil and its degradates (collectively
fiproles) and imidacloprid in WWTP influent and effluent are sparse, these
compounds are typically detected in available studies (Table 1). In one such
study, the per capita influent loads for fiproles (54 ± 9 nmol/person/d, mean ±
standard deviation) and imidacloprid (190 ± 80 nmol/person/d) for 7 Northern
California WWTPs had low load variability, suggesting ubiquitous, low-level
contributions from sources within the service areas (11). The authors outlined a
conceptual model specific to fiproles and imidacloprid, that included all potential
sources to wastewater, and the means by which pesticides derived from these
sources might enter wastewater (11); these sources are a subset of those included
within the comprehensive conceptual model provided in Figure 1.

Comparison of per capita pesticide loads in influent with active ingredient
concentrations in individual pesticide applications suggested that widespread use
of spot-on or spray flea control products might be the primary source of fiproles
in wastewater (11). An estimate of influent fiprole load per fipronil-treated dog
was found to be consistent with levels of the active ingredient in spot-on or spray
products. Other potential sources, including use of crack-and-crevice treatments,
outdoor pesticide applications tracked indoors, contaminated drinking water, and
episodic discharges from spills, cleanup, or improper disposal, were found unlikely
to be major contributors. The similarity of use patterns for imidacloprid suggested
it was likely to be transported via comparable pathways (11).

Sadaria et al. (11) foundmultiple pathways bywhich fipronil and imidacloprid
derived from flea control products can enter wastewater: (1) bathing of treated
pets by professional groomers or pet owners in the home; (2) washing human
hands contaminated via pet contact; (3) human waste following ingestion of
trace levels of the pesticide as a result of pet contact; and (4) cleaning and
laundering of residential surfaces, including pet bedding, that came into contact
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with pets or contaminated house dust. A subsequent study examined fiproles
in rinsate from bathing fipronil-treated dogs 2, 7, or 28 days after treatment
(19). Results confirmed pet bathing as a direct pathway of fiproles derived from
spot-on products to municipal wastewater, with fiproles detected in 100% of
samples and levels generally decreasing with increasing time from application
(19). Additional calculations suggested washing 25% of fipronil-treated dogs in
a service area within 7 days of treatment could account for the entire fiprole load
of the sewershed, indicating spot-on products containing fipronil are likely to be
an important fiprole source (19). While comparable data are not available for
imidacloprid, the compound’s higher solubility could result in significant wash
off during pet bathing. In addition, targeted sampling of wastewater discharged
from a pet-grooming operation confirmed the release of fipronil, pyrethroids, and
imidacloprid to the wastewater catchment (19).

Additional evidence supports other pathways identified in the conceptual
model. As noted previously, fipronil and imidacloprid in spot-on products can be
readily transferred to humans via petting (20, 21, 23, 25). Pesticides transferred to
the hands of companions may enter wastewater via washing, or via unintentional
ingestion followed by elimination. The human waste pathway is known to be
relevant for imidacloprid, as it has been detected in human urine (34), but has not
been investigated for fipronil (61).

Pesticide active ingredients in flea treatment also commonly appear in house
dust. Fipronil and degradates were observed in nearly every sample of house dust
examined in two studies of homes in Texas and California (29, 30). While fipronil
in house dust may also be derived from indoor- and outdoor-use products for non-
flea pests such as ants, reported concentrations were more than 20 times higher in
residences housing a dog treated with a spot-on fipronil product relative to those
without treated pets (29). Imidacloprid was also detected in house dust from 32 of
38 California houses sampled (30).

Spot-on products containing each of these pesticides have also been observed
to transfer to pet bedding (23, 26). Cleaning and laundering are known to transfer
contaminants associated with house dust and textiles to the wastewater system
(62), and can be expected to transfer fipronil and imidacloprid as well.

Levels of these pesticides in wastewater before and after treatment indicate
both fiproles and imidacloprid are relatively persistent, with little removal
occurring via common WWTP treatment technologies (11, 40, 54). As noted
previously, concentrations in effluent commonly exceed US EPA aquatic life
benchmarks (56). Flea control products containing these pesticides may therefore
pose risks to surface waters receiving discharges of municipal effluent, particularly
when dilution of that effluent is limited.

Regional actions informed by these recent studies have already begun. The
Bay Area Clean Water Agencies (BACWA), a joint powers authority that includes
municipalities and special districts providing sanitary sewer services to more than
6.5 million people in the San Francisco Bay Area, has prioritized engagement
with state and federal agencies to address the impacts of flea control pesticides,
including providing comments to US EPA highlighting the need to include pet
products in models used in pesticide risk assessment and regulation (63, 64).
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BACWA has distributed consumer education materials and findings from recent
studies (11, 19), which have also been highlighted via local media.

Priority Data Gaps

Available monitoring data, although sparse, highlight the need to address
pesticide loading to surface water from WWTP effluent. Existing studies
indicate that some pesticides (pyrethroids, fipronil, imidacloprid, and carbaryl)
exceed aquatic life reference values and suggest the potential for harm to
aquatic ecosystems, particularly to sensitive aquatic species in highly impacted
ecosystems, such as effluent-dominated streams and estuaries. These and any
other pesticides exceeding aquatic life reference values are high priorities
for additional study to identify sources and appropriate pollution prevention
strategies.

Developing strategies that continue to provide protection from pests while
reducing overall pesticide loading will require a robust, quantitative understanding
of use patterns and subsequent down-the-drain transport. Pesticide-specific
customization of the comprehensive conceptual model (Figure 1) is an essential
first step to build the knowledge to develop effective mitigation solutions.
Refining this conceptual model for specific active ingredients can elucidate key
data gaps, inform monitoring designs, and ultimately inform effective mitigation
measures.

In the case of chlorpyrifos and diazinon, a conceptual understanding of
potential sources based on registered uses led to a focused investigation of
subsewershed contributions, characterizing sewage concentrations and loadings
from residential and commercial sites (57). Study calculations to fill this data gap
revealed low-level, ubiquitous residential sources to be of greater importance than
large mass pulses (57). This case study illustrates how cooperative relationships
between wastewater agencies and pesticide regulators are needed to ensure
necessary data are obtained to inform potential mitigation.

A refined conceptual model (11) identified the need to confirm suggested
contamination pathways, an important data gap in the case of fipronil- and
imidacloprid-based flea and tick control. A study of the most direct contamination
pathway (e.g., bathing treated animals in locations discharging to the sewer)
suggested it is likely to provide significant mass transfer (19). However, presence
of flea control active ingredients on pet bedding (23, 26), pet owners (20, 21, 23,
25), and house dust (29, 30) indicate true source control at the site of application
may be needed to significantly reduce down-the-drain transport.

Further WWTP influent and effluent monitoring is necessary to document
occurrence or absence of additional as yet unexamined pesticides. More than
1000 pesticides are currently registered. The pesticide market continually shifts
to adapt to changing needs and to produce alternatives to replace pesticides or
product types most heavily scrutinized by federal and state regulators. Pesticides
with the use patterns identified in the conceptual model, particularly those where
parent compounds or degradates have relatively high aquatic toxicity, should be
the highest priority for monitoring effluent discharged to surface waters that serve
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as habitat for aquatic life. Long-term monitoring to evaluate spatial and seasonal
patterns and to track temporal trends resulting from mitigation or regulatory
actions would fill additional data gaps for these prioritized pesticides.

There is also a need to identify and screen for degradates and metabolites
of pesticides, including degradates formed during wastewater treatment (e.g.,
disinfection byproducts). The degradation products of some pesticides are known,
but very few have been measured in WWTP influent and effluent. In some
cases, degradate aquatic toxicity is comparable to, or greater than, the toxicity of
the parent compounds. Identifying potentially harmful degradates is an area of
intensive research that often utilizes high-resolution mass spectrometry to search
for both known degradates and previously unidentified transformation products
(30, 65). However, these techniques may not be sufficiently sensitive to rule out
the presence of pesticides at ppt levels.

Focused investigations of specific sources and sites within sewersheds are
needed to better understand pesticide contributions from use patterns identified in
the conceptual model. Several suspected high-use indoor pesticides sources are
poorly understood and merit prioritization. For example, irrigation water from
nursery operations discharging to wastewater collection systems (including stores
that temporarily hold plants before sale) has received little study. Legalization
of cannabis cultivation in many states may lead to an increase in hydroponic
indoor growing systems and associated pesticide applications. Intensive use
of pesticides such as for bed bug mitigation and subsequent cleaning activities
is another identified data gap. While professional pest control operators are a
highly-regulated group intimately familiar with pesticide handling requirements,
the laundering of uniforms used during application is likely a concentrated source
to wastewater. Similarly, the commercial laundering of uniforms for large groups
(e.g., the military) whose clothing has come in contact with pesticides is likely
to introduce large pulses of pesticides to sewer systems. Finally, to inform
mitigation and predictive modeling of pesticide discharges, it is important to gain
a better understanding of the fraction of certain pesticide uses that is dislodgeable
and available for transport down the drain, including impregnated building and
construction materials, foggers, and sprays.

Developing advanced engineering solutions to expand the capacity of
wastewater treatment to reduce trace organic chemicals, present in the ppb to
sub-ppt concentrations, has been an area of intense research over the past 20 to 30
years (66). However, due to the diverse chemical properties of pesticides, source
control is more likely to provide financially feasible and effective mitigation,
rather than implementing costly and potentially ineffective upgrades that add
wastewater treatment technologies for removal of specific pesticides.

Enhanced understanding of compound-specific removal in wastewater
treatment will improve our ability to prevent and manage risk. Available data
provide some insights, but are too sparse to reflect the diverse design and
operations of WWTPs. Use of additional or alternative treatment technologies,
such as reverse osmosis or advanced oxidation, may also impact concentrations
of pesticides and transformation products and such data can inform improved
predictive modeling.
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Addressing data gaps concerning pesticide wastewater treatment removal
efficiency and incorporating this information into currently used risk evaluation
modeling tools, such as the US EPA Exposure and Fate Assessment Screening
Tool (E-FAST) (13), could inform development of effective mitigation solutions
and could prevent future registration of products that pose a risk to surface
water through down-the-drain transport. The E-FAST model relies on removal
predictions based solely on physical and chemical properties rather than
chemical-specific removal studies. This approach can introduce inaccuracies
in modeling. For example, Parry and Young (67) measured the distribution of
pyrethroids in secondary treated effluent and found additional settling time would
not result in improved removal efficiency. The observed association between
pyrethroids and dissolved organic matter present in wastewater may account for
the over-predicted removal of pyrethroids by the E-FAST model (68). Predictive
modeling must also recognize long-term trends, such as expected decreases in per
capita water use which may result in increases in contaminant concentrations in
influent.

Conclusion

Pesticide contamination of aquatic ecosystems occurs via WWTP effluent
discharges as well as via agricultural and urban runoff. This state-of-the-science
review of the occurrence of pesticides in wastewater derived primarily from
indoor, down-the-drain inputs indicates that, for some pesticides, continuous
discharges of WWTP effluent have the potential to adversely impact vulnerable
aquatic biota. Protecting the quality of water resources that receive these effluent
discharges is essential, particularly in regions with effluent-dominated streams, or
embayments with limited hydrodynamic exchange with the ocean.

Addressing the data gaps identified in this review will improve the ability to
prevent and manage these risks. The knowledge gained will not only allow for
informed mitigation solutions, but also enhanced evaluation of pesticide products
prior to registration and use. Pollution prevention is a key strategy to improve
water quality for municipal wastewater pathways.
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Sammanfattning 

IVL Svenska Miljöinstitutet AB har på uppdrag av Naturvårdsverket genomfört en screening av 3-
jod-2-propynyl butylkarbamat (IPBC) and 2,2-dibrom-2-cyanoacetamin (DBNPA). 

IPBC tillhör kategorin konserveringsmedel/desinfektionsmedel och används som fungicid. Det 
används inom pappersmassaindustrin för att förhindra slembildning och som konserveringsmedel i 
kosmetika och färger. DBNPA används i störst utsträckning för att förhindra tillväxt av 
slembildande mikroorganismer inom pappers- och cellulosaindustrin. Ämnet används också som 
biocid i kylvattensystem inom industrin.  

IPBC är måttligt lösligt i vatten och mindre persistent på grund av att föreningen kan genomgå 
hydrolys. Vattenlösligheten och det låga ångtrycket gör att fördelning till luft är mindre trolig. 
Spridning och retention av IPBCs i miljön beror på dess fysikaliska och kemiska egenskaper och 
inte på biotransformationsprocesser.  

DBNPA har lågt log Kow och lågt ångtryck vilket ger föreningen hög vattenlöslighet. Ämnet har 
dock kort halveringstid i vatten och bryts snabbt ner genom hydrolys. 

Syftet med föreliggande screening var att utreda förekomsten av IPBC och DBNPA i miljön och i 
vilken omfattning. En provtagningsstrategi utarbetades utifrån substansernas förutspådda 
emissionskällor och dess fördelning i miljön. De utvalda provtagningsplatserna representerar 
punktkällor så som färgindustri och pappersmassaindustri, diffusa källor i urban miljö, 
avloppsreningsverk samt bakgrundsområden. Proverna bestod av luft, ytvatten, sediment, jord, 
ingående och utgående avloppsvatten, avloppsslam, dagvatten och dagvattenslam.  

IPBC återfanns i luft utanför två färgindustrier samt i centrala Göteborg, se figur IPBC i luft nedan. 
I ingående vatten till två färgindustriers interna reningsverk återfanns IPBC i höga koncentrationer, 
se figur IPBC i vatten från potentiella punktkällor. I det utgående vattnet var koncentrationerna 
betydligt lägre. I tre avloppsreningsverk hittades IPBC i både det utgående och ingående vattnet 
medan det var under detektionsgränsen i två reningsverk., se figur IPBC i vatten från 
avloppsreningsverk. IPBC kunde inte detekteras i fasta matriser så som jord, sediment eller slam 
oberoende om det var nära punkt eller diffus källa, eller i urbant vatten. Prover tagna från platser 
definierade som backgrundområden innehöll inte heller IPBC.   

Resultaten visar att IPBC hittas i miljön där det används och skulle kunna ha en spridning vidare ut 
i miljön via luft och avloppsvatten. IPBC hittas dock inte i ytvatten från urban miljö.    
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Halterna av DBNPA var under detektionsgränsen i samtliga prover vilket till största sannolikhet 
beror på den snabba nedbrytningen av föreningen. 
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Summary 

As an assignment from the Swedish Environmental Protection Agency, IVL Swedish 
Environmental Research Institute has during 2008/2009 performed a “Screening Study” of 3-Iodo-
2-propynyl butyl carbamate (IPBC) and 2,2-dibromo-2-cyanoacetamine (DBNPA). 

IPBC belongs to the category preservatives/disinfectants and is used as a fungicide. It is used in the 
paper and pulp industry to prevent the formation of slime and as a preservative in cosmetics, 
paints, coatings etc. DBNPA is mostly used to reduce the occurrence of slime forming 
microorganisms with in the paper and cellulose industry. It is also used a biocide in cooling systems. 

IPBC is moderately soluble and not persistent in water, hydrolysis is expected to be the main route 
of dissipation. The water solubility and low vapor pressure of IPBC make the compound not likely 
to partition to the atmosphere or undergo long range transport or deposition. The fate of IPBC in 
receiving waters is dependent on physicochemical processes rather than biotransformation.   

DBNPA has low vapor pressure and high water solubility which make the compound to be 
retained mainly in the water phase. However, DBNPA has a short half-life and is rapidly degraded 
in water by hydrolysis.  

The overall objectives of this screening study were to determine the concentrations of IPBC and 
DBNPA in the Swedish environment and to assess the possibility of current emissions. A sampling 
strategy was developed in order to determine concentrations of these compounds in different 
matrices. Selected sampling sites represent point sources in urban environments, diffuse sources 
and background areas.  

IPBC was found in air at two paint companies representing point sources and in the centre of 
Gothenburg, representing an urban diffuse source. In water, IPBC was found at high levels in the 
influent water to treatment plants at two paint companies and in both influent and effluent water 
from three STPs. It was not found in background areas or in urban surface water, storm water 
sediment, STP sludge or storm water sludge.  

The results indicate that if IPBC is being used, and that there is a possibility for the compound to 
be distributed to the environment since in can be detected in air and influent and effluent water 
from treatment plants at paint industries and in STP waters. However, IPBC does not seem to 
reach urban or background areas.   

DBNPA was not found in any of the samples. This is probably due to the rapid degradation of the 
compound. 
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1 Introduction 

As an assignment from the Swedish Environmental Protection Agency, a screening study has been 
performed by IVL during 2008/2009. This screening includes biocides, unintentionally produced 
substances and fuel additives. These substances/substance groups are emitted and distributed in the 
environment via a variety of sources, e.g. different point sources and/or diffusive sources. Table 1 
shows the major reason for their concern as well as the number of the report where individual 
results are presented.  

Table 1. Substances / substance groups included in the screening. 

Substance / Substance group 
Banned/ 
restricted HPVa  

Indications 
of toxicity B/Pb Sub- 

report # 

3-Iodo-2-propynyl butyl 
carbamate (IPBC) 
2,2-Dibromo-2-
cyanoacetamide (DBNPA) 

  x  1 

Glutaraldehyde  x x  2 

Biocides 

Difenacoum x  x x 3 

Unintentionally 
produced 
substances 

Nitro-PAH 
3-Nitrobezantron 
Oxy-PAH 
Heterocyclics 
Brominated dioxins and 
aromatics 

  x x 4 

Fuel additives 
Methyl tert-butyl ether (MTBE) 
Ethyl tert-butyl ether (ETBE)  x x x 5 

a) High Production Volume 
b) Bioaccumulation/Persistence 

The overall objectives of the screening studies are to determine the concentrations of the selected 
substances in a variety of media in the Swedish environment, to highlight important transport 
pathways, and to assess the possibility of current emissions in Sweden.  

Due to the variety in emission sources and use as well as differences in chemical properties, the 
screening has been carried out in five subprojects. This sub-report concerns the screening of IPBC 
and DBNPA. Results for the other chemicals are presented in subreport 2, 3, 4 and 5. 

2 Chemical properties, fate and toxicity 

Figure 1 shows the chemical structure of IPBC and DBNPA and Table 2 shows the names, CAS 
numbers and some chemical and physical data of the compounds. The chemical and physical data 
of IPBC and DBNPA are gathered from ChemIDplus.  
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Figure 1. Chemical structure of 3-Iodo-2-propynyl bytylcarbamate (IPBC) and 2,2-Dibromo-2-

cyanoacetamide (DBNPA). 

Table 2.  Chemical and physical data of 3-Iodo-2-propynylbytylcarbamate (IPBC) 
and 2,2-Dibromo-2-cyanoacetamide (DBNPA). 

Name CAS# 
MW  

(g/mol) 

Melting 
Point 
(˚C) 

Log Kow 
Water  

Solubility 
(mg/L) 

Vapor 
Pressure 

3-Iodo-2-propynyl 
bytylcarbamate 
(IPBC) 

55406-
53-6 

281 64-66.5 2,8 
156 

at 20 ˚C 
9.96E-8 Atm  

at 20 ˚C 

2,2-Dibromo-2-
cyanoacetamide 
(DBNPA) 

10222-
01-2 

240 124.5 0.82 
15 000 

at 20 ˚C 
9.00E-4 mm Hg  

at 20 ˚C 

2.1 Properties and fate 

IPBC belongs to the category preservatives/disinfectants and is used as a fungicide. It is also used 
in the paper and pulp industry to prevent the formation of slime and as a preservative in cosmetics, 
paints, coatings etc. DBNPA is mostly used to reduce the occurrence of slime forming micro-
organisms within the paper and cellulose industry. It is also used as a biocide in cooling systems. 

IPBC is moderately soluble in water, and is not likely to adsorb to suspended solids or sediment, it 
is more likely to remain in the dissolved phase (Juergensen et al. 2000). It is not persistent in the 
water column; hydrolysis is expected to be the main route of dissipation. IPBC is not expected to 
bioaccumulate and has a bioconcentration factor of <4.5 (Juergensen et al. 2000). The water 
solubility and low vapor pressure of IPBC makes the compound not likely to partition to the 
atmosphere or undergo long range transport or deposition. The fate of IPBC in receiving waters is 
dependent on physicochemical processes rather than biotransformation. The persistence of IBPC 
in natural water was estimated to be less than seven days (Juergensen et al. 2000).  

For DBNPA, the low vapor pressure and high water solubility should make the compound to 
retain mainly in the water phase. Therefore there is a possibility for the compound to be distributed 
to the environment and water recipient and less probably be distributed to soils and sediments. 
However, the short half life in water due to hydrolysis is probably the main factor that determines 
the residence time in water and the distribution of it from the emission source. The half –life of 
DBNPA in water has been set to a mean of 0.5 h when used in model calculations for risk 
assessment (Klaine et al. 1996).  

IPBC DBNPAIPBC DBNPA
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In water DBNPA is rapidly hydrolysed to dibromoacetonitrile (Blanchard et al. 1987). The presence 
of organic material in the water leads to a second pathway where monobromonitrilopropionamide 
is being formed.  

2.2 Toxicity 

IPBC is listed as one of the most commonly used industrial antifungal agents according to “World 
Guide to Industrial Biocides”, as described by Nakashima et al. 2000. It has been detected in 
metalworking fluids (Henricks-Eckerman et al. 2008) and a few cases of contact allergy to it have 
been reported (Bryld et al. 1997, Majoie et al. 2000).  

IPBC is potentially toxic to nontarget organisms in the aquatic environment arising from accidental 
release or leaching of IPBC-containing formulations. IPBC has been reported to affect fathead 
minnows at levels of 0.019 mg/L and Daphnia magna at levels of 0.07 mg/L (Juergensen et al. 2000).  
More acute and chronic toxicity for fresh water fish and invertebrates are reviewed and summarized 
in Juergensen et al 2000.  Information regarding the environmental toxicology, chemistry and fate 
of IPBC in the Canadian environment has been gathered and used to develop an interim Canadian 
guideline for the protection of fresh water life for IPBC and al level of 1.9 μg/L is recommended 
(Juergensen et al. 2000).  

Due to a short half life of DBNPA in aquatic environments, it has been concluded that it does not 
present a significant risk to aquatic ecosystems from possible exposure from industrial cooling 
systems where DBNPA is being used (Klaine et al. 1996).  

A 48-h EC50 of 0.96 mg/L for Daphnia magna  for DBNPA was referred to in Rigol et al. 2004 
where a bioluminicence inhibition test of the bacteria Vibrio fisheri gave a EC50 of 0.50 mg/L for 
DBNPA (Rigol et al. 2004). 

3 Production, use and emission 

IPBC is imported to Sweden as a fungicide and is used in the production of paint and lacquer and 
in work up fluids in the metal industry as a preservative (www.kemi.se). It occurs in 512 
preparations in Sweden in 2007 and 93 tonnes were used in the same year (SPIN 2009). IPBC is 
one of the most commonly present allergens in shampoos in the U.S (Zirwas and Moennich 2009).  

IPBC may enter the environment through leachate or storm water runoff from freshly treated 
lumber (Juergensen et al. 2000).  

The main use of DBNPA in the U.S. is as a biocide in cooling systems, which also represents the 
greatest potential for environmental exposure. DBNPA has been manufactured and sold by The 
Dow Chemical Company since 1973, the greatest producer of the compound in the U.S. In 
Sweden, DBNPA occurs in 41 preparations and 149 tonnes was used per year in 2007 (SPIN 2009). 
It is used as a biocide in the manufacture of pulp, paper and paper products in Sweden. 
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4 Previous measurements in the environment 

The information of the detection of IPBC in the environment is very limited. IPBC is thought to 
have moderate potential for movement through soil, groundwater contamination may be possible. 
In contrast, it has been suggested that IPBC should not threaten groundwater because it appears to 
rapidly degrade in both aquatic and terrestrial environments (Juergensen et al. 2000). However, 
IPBC was detected in sediments close to lumber mills using IPBC formulations in the range of 
0.19-0.49 μg/g dry weight (Juergensen et al. 2000).  With a log Kow of 2.81 and a bioconcentration 
factor of < 4.5, IBPC has a low potential for accumulation and it has not been found in biota.   

DBNPA has been analysed in waters from a recycling paper mill that uses biocides for the 
improvement of the water quality (Rigol et al. 2002, Rigol et al. 2004). The concentration of 
DBNPA in the process water was 59 μg/L and was 4.2 μg/L in the outlet primary treatment water 
(Rigol et al. 2004).  

5 Sampling strategy and study sites 

5.1 Screening program 

A sampling strategy was developed in order to determine concentrations of IPBC and DBNPA in 
different matrices in the Swedish environment.  

The sampling programme was based on the identification of possible sources due to the use and 
the possibility for the compounds to distribute in the environment. The sampling programme is 
summarized in Table 3 for IPBC and in Table 4 for DBNPA. Details on the samples can be found 
in Table A1 and A3 in the Appendix.  

For IPBC air samples were collected at background areas and urban areas. Samples were also 
collected at three different paint production industries, i.e. possible point sources due to the use of 
the compound. Different types of water samples (influent, effluent, leachate and storm water) as 
well as sediment were also sampled at the point sources. The point sources consist of samples from 
the paper and pulp industry, one landfill and paint companies. Samples from diffuse sources were 
collected in the cities of Gothenburg and Stockholm were air, surface water, soil, sediment and 
storm water samples were collected. From Sewage treatment plants (STP), both influent and 
effluent water were sampled as well as sludge.   

DBNPA has a similar sampling programme as IPBC. Due to the physical and chemical properties, 
the most relevant matrices for DBNPA are water (surface water, process water and STP influent  
and effluent water). The short half life of the compound makes point sources where DBNPA is 
being used of great interest. Several different water samples have been collected at a paper and pulp 
industry. 

In order to determine background levels, samples of soil, sediment, surface water and fish were 
analysed from three background lakes, classified as reference lakes by the Swedish Museum of 
National History.  
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Due to the low log Kow of the compounds and especially DBNPA, i.e. they will not 
bioaccumulate, biota samples were not considered in the program.  

Table 3. Sampling program for IPBC 

Site Air 
Surfac

e 
water 

Sedi-
ment 

Soil Storm 
water 

Storm 
water 
sludge 

Industry 
water 

STP 
Water 
(in) 

STP 
water 
(out) 

STP 
sludge 

Leach- 
ate  

Total 

Background             
Råö 2           2 
Lakes  3 2         2 
Diffuse sources             
Urban area 2 3 3 2 5 3      18 
STP        5 5 5  15 
Point sources             
Paper & pulp 
industry 

1 1  2 1       5 

Paint production 
industry 

2      4     6 

Landfill           2 2 
Total 7 7 5 4 6 3 4 5 5 5 2 53 

 
 

Table 4.  Sampling program for DBNPA 

Site Air Surface 
water 

Sedi- 
ment 

Soil Storm 
water 

Storm 
water 
sludge 

Industry 
water 

STP 
Water 
(in) 

STP 
water 
(out) 

STP 
sludg

e 

Leach- 
ate 

Total 

Background             
Råö 2           2 
Lakes  3 2         5 
Diffuse sources             
Urban area 2 3 3 2 5 3      18 
STP        5 5 5  15 
Point sources             
Paper & pulp 
industry 

1 1   1  2     7 

Landfill           2 2 
Total 5 7 5 4 6 3 2 5 5 5 2 49 

6 Methods 

6.1 Sampling 

The staff at the different sewage treatment plants collected de-watered sludge samples from the 
anaerobic chambers. The sludge was transferred into glass jars and stored in a freezer (-20 ºC) until 
analysed. Influent and effluent waters were sampled in 1 or 2 L glass bottles. 

Surface sediment (0-2 cm) samples were collected by means of a Kajak sampler. The sediment was 
transferred into glass jars and stored in a freezer (-20 ºC) until analysed. One sediment sample from 
the background lake Tärnan was provided from the specimen bank at the Swedish Museum of 
Natural History. 

Surface water samples from background lakes and from the city of Stockholm were sampled in 
glass bottles and the pH was adjusted to pH 2 with H3PO4 and stored in at 6 ºC. 

The upper 2-3 cm of surface soil was collected in glass jars.  

Storm water samples were provided by the Swedish Road Administration (Vägverket) and 
“Gatukontoret” in Göteborg.   
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Air samples were collected using a low volume air sampler (LVS) with a flow of approximately 1 
m3/h. The air was passed through a glass fiber filter (MG160, Munktell) where the particles were 
collected and then through a glass column packed with the adsorbents XAD-2 (Amberlite) and 
polyurethane foam (PUF). Sampling duration was one week at the point sources and two weeks at 
the background station for IPBC. For DBNPA, the sampling duration was 2-3 days at the 
background station and 1-2 days at the point sources. Prior to sampling, glass fiber filters were 
heated to 400 ºC, and the adsorbents columns were cleaned by Soxhlet extraction with acetone. 
After sampling, the filter and columns were wrapped in aluminum foil and send to the laboratory, 
where they were stored in a freezer (-20 ºC) until analysed. Additional filters and columns used as 
field blanks were sent back to the laboratory unexposed.   

All glass equipment used was muffled (400 ºC) before use. 

6.2 Sample preparation 

6.2.1 Solid samples 

IPBC and DBNPA were extracted from the solid samples simultaneously. Sludge (0.5 g), storm 
water sludge (0.5 g), sediment (1.5-2 g) and soil (1.5-2 g) were ground with Na2SO4 and extracted 
twice with 30 ml acetone by one hour rotation. The volumes were reduced and the solvent was 
exchanged to methanol (5 ml) before HPLC-MS/MS analysis.  

6.2.2 Water samples 

IPBC and DBNPA were extracted from the water samples simultaneously. An Oasis HLB SPE 
column (200 mg, Waters) was activated with methanol and acidic water before the water was 
extracted. The trapped analytes were then eluted with 5 ml acetone and the solvent was exchanged 
to methanol. The final sample volume was 1 ml.  

Volumes used: surface water: 400 ml, storm water 100 mL, influent water from sewage treatment 
plant: 100 ml, effluent water from sewage treatment plant: 200 ml, and leachate water 100 mL. 

6.2.3 Air samples 

IPBC and DBNPA were extracted from the adsorbent using 100 ml of methanol. The solvent 
volume was reduced to 2 ml by a rotary evaporator. 

6.3 Instrumentation 

The extracts were analyzed applying high performance liquid chromatography using a Prominence 
UFLC system (Shimadzu) with two pumps LC 20AD, degasser DGU-20A5, auto sampler SIL-
20ACHT and column oven CTO-20AC. The analytical column was a Thermo HyPurity C8 50 mm 
x 3 mm, particle size 5 μm (Dalco Chromtech). The column temperature was 30 ºC. For analysis, 
10 μl sample extract in methanol were injected.  
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IPBC: Mobile phase A was 2 mM ammonium acetate in water. Solvent B was methanol, adopted 
from Henriks-Eckerman et al. (2008). The flow rate of the mobile phase was 0.4 ml/min. A 
gradient elution was performed: 0-2 min 30% B, 2-10 min linear increase to 95% B, 10-14 min 
isocratic 95% B, 14-16 min linear decrease to 30% B. Equilibration time. 5 min. 

DBNPA: Mobile phase A was 0.1% formic acid in water. Solvent B was methanol. The flow rate of 
the mobile phase was 0.4 ml/min. A gradient elution was performed: 0-3 min 10% B, 3-6 min 
linear increase to 95% B, 6-10 min isocratic 95% B, 10-12 min linear decrease to 10% B. 
Equilibration time. 7 min. 

The effluent was directed to an API 4000 triple quadrupole mass spectrometer (Applied 
Biosystems).  

For the analysis of IPBC electrospray ionisation (ESI) in negative mode was used. Two MRM 
transitions according to Table 5 was recorded. Calibration was done using standard curves based on 
areas vs. known concentrations of the actual compound. The sample extracts were adjusted to 
known volumes. No internal standards were used since it was not possible to find representative 
compounds. 

Table 5.  Instrumental parameters for determination of IPBC. 

 
Precursor ion 

m/z 
Product ion 

m/z 
Declustering 
potential, V 

Collosion 
energy, V 

MRM1 282 165 52 27 

MRM2 165 127 100 50 

For DBNPA it was not possible to obtain stable MRM signals. Probably the compound is thermally 
degraded in the ion source. Instead the ions m/e 79 and 81 (bromine) were selected by both 
quadrupoles in the instrument . 

6.4 Quality control 

6.4.1 IPBC 

Detection was done using two independent MRM transitions. MRM 282/165 was used for 
quantification and MRM 165/127 was used as qualifier. Also, the retention time should match the 
authentic standard compound within ± 0.1 min.   

For each matrix, two solvent method blanks were prepared in parallel with the samples to assess 
possible interferences and contamination from the background.  

The background contamination in the blank samples was subtracted from the measured sample 
values. Limit of detection (LOD) was defined as three times the standard deviation of the noise of 
the blank water samples and adjusted for the different volumes used In the solid matrixes LOD was 
calculated as ten times the blank level and for the air samples as three times the level in the field 
blank.   



Results from the Swedish National Screening Programme 2008  IVL report  B1889 
Subreport 1. Biocides: 3-Jod-2-proponyl butyl carbamate (IPBC) and 2,2-dibrom-2-cyanoacetamin (DBNPA)  

14 

6.4.2 DBNPA 

The relationship for the two bromide isotopes 79 and 81 is 1:1. A standard curve was prepared and 
showed a linear relationship between 1000 ng/ml and 25 ng/ml. In this range the relationship 
between the two isotopes are 1:1 but divides from this at concentrations lower than 25 ng/ml. 
Limit of detection (LOD) was calculated from this value, i.e. 25 ng/ml was multiplied with the final 
volumes for the sample extracts and then divided with the sample amount.. It was not possible to 
calculate a LOD value from noise in the solvent blank samples.  

Samples with a strong signal for m/z 81 were also analysed on GC-MS/MS in the full scan mode to 
compare the spectra with an authentic standard. 

For each matrix, solvent method blanks were prepared in parallel with the samples to assess 
possible interferences and contamination from the background. 

7 Results and discussion 

7.1 IBPC  

IPBC could be found in one air sample representing an urban diffuse source and in two air samples 
from potential point sources. In water, IPBC was found in several samples at both point sources 
and diffuse STP sources. It was not found in background areas or in urban surface water, storm 
water, soil and sediment, STP sludge or storm water sludge. The results from in air and water are 
presented in figures below. All results and LOD can be found in Table A2 in the Appendix.  

7.1.1 Air  

IPBC was found in air from both diffuse and point sources, see Figure 2. Femman is a mall in the 
centre of Gothenburg. The air sampler was up in two periods, following each other directly. At the 
first sampling occasion, in the end of February, the concentration was below LOD and at the next 
occasion in the beginning of March, the concentration was 110 pg/m3. This may be due to that 
work was being performed at Femman were products were used that contained IPBC. This also 
shows that the detection of IPBC in the environment may be a coincidence due to the sampling 
occasion.  

IPBC is a component in paint and IPBC was found at in the air both Paint production industry 1 
and 2. IPBC is also used in the paper industry but the concentration where below LOD in the air 
sample from the paper and pulp industry in this study. It could be due to that IPBC is not being 
used at this company or that it was not detectable at the sampling occasion.  
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Figur 2. Concentrations of IPBC (pg/m3) in air from a diffuse urban area and from point sources, i.e. paint 

industry and paper and pulp industry.  

7.1.2 Water, Point sources 

IPBC was detected at high concentrations, 150 and 32 ug/l respectively, in the influent waters to 
the treatment plants at two paint industries, see Figure 3. The effluent waters from these companies 
also contained IPBC but at much lower levels, 0.032 and 0.22 ug/l. IBPC was not detected in 
surface or storm water at the other potential point source, a land fill. The land fill, contained 0.035 
ug IPBC/l in the water prior to treatment.   
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Figur 3.  IPBC concentrations (ug/l) in influent and effluent water at treatment plants at paint industries, 

paper and pulp industry and from a landfill (recycling company). 

7.1.3 Water, Diffuse sources 

IPBC was found in both influent and effluent waters at three STPs, Helsingborg, Ryaverket and 
Käppalaverket, see Figure 4. Only at Helsingborg there was a trend with lower concentrations in 
the effluent water compared to the influent water. At Sjölunda and Henriksdal, the concentrations 
were below LOD. The effluent water from Paint production industry 3 is connected to Sjölunda 
and with respect to dilution and hydrolysis, it seem reasonable that the concentrations at Sjölunda is 
below LOD.  However, IPBC was found in similar or higher levels in the effluent water compared 
to the influent water at Käppalaverket and Ryaverket. Therefore it is a possibility that IPBC may 
enter the water after treatment. Also, the detection in the effluent water enhances the risk for IPBC 
to reach the environment.  

The Canadian guideline for the protection of fresh water life is 1.9 ug/L (Jueregensen et al 2000) 
and the effluent water at the STPs where IPBC could be detected is at least 14 times lower.   
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Figur 4.  Concentrations of IPBC (ug/l) in STP influent and effluent water. 

7.2 DBNPA 

DBNPA was not be found in any of the samples. In the environment DBNPA is rapidly degraded 
primarily through hydrolysis but it may also be degraded during the analytical procedure.  

All samples contained a peak, often with an asymmetric shape, at the expected retention time. 
However, the relationship between the bromide isotopes 79 and 81 was far from 1:1 in all samples. 
Due to this, the peaks were considered NOT to be DBNPA. The calibration curve showed that 
sample extracts must contain levels above 25 ng/ml to ensure the identity of the compound. When 
MRM is used with in mass spectrometry it is desirable to use an ion pair with masses from the 
parent compound and a fragment that is specific for the compound. This was not possible to do 
for DBNPA since it is too instable to pass the analytical instrument with out being degraded, 
therefore only m/z 79 and m/z 81 could be used. The LODs for the different matrices, calculated 
from 25 ng/ml as described in section 6.4.2, are summarized in Table 6. Details for respective 
sample can be found in Table A3 in the Appendix.  

Table 6.  Limit of detection (LOD) for the different matrices analysed in the study. 

Matrix LOD Matrix LOD 
Surface water 300 ng/L Air < 1 ng/m3 
Storm water 1250 ng/L Sediment < 60 ng/g f.v. 
Leachate water 1250 ng/L Soil < 60 ng/g f.v. 
Influent water 1250 ng/L Sludge < 250 ng/g f.v. 
Effluent water 625 ng/L   
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8 Conclusions 

 IPBC was found in air in urban areas, in air close to point sources and in waste water at 
industries where it is being used. 

 
 IPBC occured in both influent and effluent water at STPs. The occurrence in effluent 

water indicated that it has a potential to reach the environment. 
 

 IPBC was not found either in background or urban surface water, sediment and soil.   
 

 DBNPA was not found in any of the samples. This is probably due to the rapid 
degradation of the compound. 
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Table A1. Sample information from the screening programme for IPBC. 

Sample 
ID Category Site Sampling date Matrix 

DW  
(%) Notes 

7806 Background Råö  2009-02-27 - 2009-03-10 Air   

7847 Background Råö 2009-03-30 - 2009-04-15 Air   

7674 Background Gårdsjön 2008-11-20 Sediment 4  

7708 Background Tärnan 2008-09-23 Sediment 10  

7679 Background Gårdsjön 2008-11-20 Surface water   

7615 Background Tärnan 2008-11-30 Surface water   

7616 Background Largen 2008-11-31 Surface water   

7794 Point source Paper and pulp industry 2009-03-06 - 2009-03-13 Air   

7790 Point source Paint production 1 2009-02-26 - 2009-03-05 Air   

7795 Point source Paint production 2 2009-02-25 - 2009-03-04 Air   

7811 Point source Paper and pulp industry 2009-03-05 Soil 72  

7812 Point source Paper and pulp industry 2009-03-05 Soil 72  

7831 Point source Landfill 2009-04-22 Leachate water  Prior treatment 

7832 Point source Landfill 2009-04-22 Leachate water  After biological treatment 

7813 Point source Paper and pulp industry 2009-03-05 Surface water   

7789 Point source Paper and pulp industry 2009-03-04 Storm water   

7777 Point source Paint production 3  2009-02-23 Influent water  Prior chemical treatment 

7837 Point source Paint production 2 2009-04-21 Influent water  Prior treatment 

7838 Point source Paint production 2 2009-04-21 Effluent water  After treatment 

7778 Point source Paint production 3 2009-02-23 Effluent water  After chemical treatment 

7810 Diffuse, urban Göteborg, Femman 2009-02-24 - 2009-03-02 Air   

7807 Diffuse, urban Göteborg, Femman 2009-03-04 - 2009-03-12 Air   

7669 Diffuse, urban Stockholm, Vårbergstoppen 2009-02-13 Soil 28  

7670 Diffuse, urban Stockholm,  Årstafältet 2009-02-16 Soil 68  

7585 Diffuse, urban Stockholm, St Essingen 2008-11-08 Sediment 18  

7583 Diffuse, urban Stockholm, Årstaviken 2008-11-08 Sediment 16  

7584 Diffuse, urban Stockholm, Riddarfjärden 2008-11-08 Sediment 16  

7582 Diffuse, urban Stockholm, St Essingen 2008-11-08 Surface water   

7578 Diffuse, urban Stockholm, Årstaviken 2008-11-10 Surface water   
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Sample 
ID Category Site Sampling date Matrix 

DW  
(%) Notes 

7581 Diffuse, urban Stockholm, Riddarfjärden 2008-11-08 Surface water   

7845 Diffuse, urban Stockholm, Årstafältet 2009-04-27 Storm water   

7846 Diffuse, urban Stockholm, Huddinge  2009-04-27 Storm water   

7771 Diffuse, urban Göteborg, Odingsplatsen 2009-02-23 Storm water   

7773 Diffuse, urban Göteborg, Gårda 2009-02-23 Storm water   

7775 Diffuse, urban Göteborg, Korsvägen 2009-02-23 Storm water   

7772 Diffuse, urban Göteborg, Odingsplatsen 2009-02-23 Storm water sludge 22  

7774 Diffuse, urban Göteborg, Gårda 2009-02-23 Storm water sludge 19  

7776 Diffuse, urban Göteborg, Korsvägen 2009-02-23 Storm water sludge 41  

7766 Diffuse, STP Henriksdal  2009-01-30 Sludge 27  

7726 Diffuse, STP Käppalaverket  2008-12-15 Sludge 17  

7760 Diffuse, STP Ryaverken  2009-01-29 Sludge 32  

7841 Diffuse, STP Helsingborg 2009-04-20 Sludge 25  

7782 Diffuse, STP Sjölunda 2009-02-23 Sludge 23  

7722 Diffuse, STP Henriksdal 2008-12-16 Influent water   

7724 Diffuse, STP Käppalaverket 2008-12-16 Influent water   

7839 Diffuse, STP Helsingborg 2009-04-21 Influent water   

7779 Diffuse, STP Sjölunda 2009-02-23 Influent water   

7761 Diffuse, STP Ryaverken 2009-01-29 Influent water   

7723 Diffuse, STP Henriksdal 2008-12-16 Effluent water   

7725 Diffuse, STP Käppalaverket 2008-12-16 Effluent water   

7840 Diffuse, STP Helsingborg 2009-04-21 Effluent water   

7784 Diffuse, STP Sjölunda 2009-02-23 Effluent water   

7762 Diffuse, STP Ryaverken  2009-01-29 Effluent water   
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Table A2. Concentration of IPBC in samples from the screening programme. 

Sample ID Category Site Matrix Sampling date Unit Conc 

7806 Background Råö  Air 2009-02-27 - 2009-03-10 pg/m3 < 20 

7847 Background Råö Air 2009-03-30 - 2009-04-15 pg/m3 < 20 

7674 Background Gårdsjön Sediment 2008-11-20 ng/g f.v. < 0.3 

7708 Background Tärnan Sediment 2008-09-23 ng/g f.v. < 0.3 

7679 Background Gårdsjön Surface water 2008-11-20 ng/l < 5 

7615 Background Tärnan Surface water 2008-11-30 ng/l < 5 

7616 Background Largen Surface water 2008-11-31 ng/l < 5 

7794 Point source Paper and pulp industry Air 2009-03-06 - 2009-03-13 pg/m3 < 20 

7790 Point source Paint production 1 Air 2009-02-26 - 2009-03-05 pg/m3 35 

7795 Point source Paint production 2 Air 2009-02-25 - 2009-03-04 pg/m3 39 

7811 Point source Paper and pulp industry Soil 2009-03-05 ng/g f.v. < 0.3 

7812 Point source Paper and pulp industry Soil 2009-03-05 ng/g f.v. < 0.3 

7831 Point source Landfill Leachate water 2009-04-22 ng/l 35 

7832 Point source Landfill Leachate water 2009-04-22 ng/l < 10 

7813 Point source Paper and pulp industry Surface water 2009-03-05 ng/l < 5 

7789 Point source Paper and pulp industry Storm water 2009-03-04 ng/l < 10 

7777 Point source Paint production 3 Influent water 2009-02-23 ng/l 31500 

7837 Point source Paint production 2 Influent water 2009-04-21 ng/l 149000 

7838 Point source Paint production 2 Effluent water 2009-04-21 ng/l 32 

7778 Point source Paint production 3 Effluent water 2009-02-23 ng/l 220 

7810 Diffuse, urban Göteborg, Femman Air 2009-02-24 - 2009-03-02 pg/m3 < 20 

7807 Diffuse, urban Göteborg, Femman Air 2009-03-04 - 2009-03-12 pg/m3 110 

7669 Diffuse, urban Stockholm, Vårbergstoppen Soil 2009-02-13 ng/g f.v. < 0.3 

7670 Diffuse, urban Stockholm,  Årstafältet Soil 2009-02-16 ng/g f.v. < 0.3 

7585 Diffuse, urban Stockholm, St Essingen Sediment 2008-11-08 ng/g f.v. < 0.3 

7583 Diffuse, urban Stockholm, Årstaviken Sediment 2008-11-08 ng/g f.v. < 0.3 

7584 Diffuse, urban Stockholm, Riddarfjärden Sediment 2008-11-08 ng/g f.v. < 0.3 

7582 Diffuse, urban Stockholm, St Essingen Surface water 2008-11-08 ng/l < 2.5 

7578 Diffuse, urban Stockholm, Årstaviken Surface water 2008-11-10 ng/l < 2.5 

7581 Diffuse, urban Stockholm, Riddarfjärden Surface water 2008-11-08 ng/l < 2.5 
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Sample ID Category Site Matrix Sampling date Unit Conc 

7845 Diffuse, urban Stockholm, Årstafältet Storm water 2009-04-27 ng/l < 10 

7846 Diffuse, urban Stockholm, Huddinge  Storm water 2009-04-27 ng/l < 10 

7771 Diffuse, urban Göteborg, Odingsplatsen Storm water 2009-02-23 ng/l < 10 

7773 Diffuse, urban Göteborg, Gårda Storm water 2009-02-23 ng/l < 10 

7775 Diffuse, urban Göteborg, Korsvägen Storm water 2009-02-23 ng/l < 10 

7772 Diffuse, urban Göteborg, Odingsplatsen Storm water sludge 2009-02-23 ng/g f.v. < 1 

7774 Diffuse, urban Göteborg, Gårda Storm water sludge 2009-02-23 ng/g f.v. < 1 

7776 Diffuse, urban Göteborg, Korsvägen Storm water sludge 2009-02-23 ng/g f.v. < 1 

7766 Diffuse, STP Henriksdal Sludge 2009-01-30 ng/g f.v. < 1 

7726 Diffuse, STP Käppalaverket  Sludge 2008-12-15 ng/g f.v. < 1 

7760 Diffuse, STP Ryaverken  Sludge 2009-01-29 ng/g f.v. < 1 

7841 Diffuse, STP Helsingborg Sludge 2009-04-20 ng/g f.v. < 1 

7782 Diffuse, STP Sjölunda Sludge 2009-02-23 ng/g f.v. < 1 

7722 Diffuse, STP Henriksdal Influent water 2008-12-16 ng/l < 10 

7724 Diffuse, STP Käppalaverket  Influent water 2008-12-16 ng/l 34 

7839 Diffuse, STP Helsingborg Influent water 2009-04-21 ng/l 130 

7779 Diffuse, STP Sjölunda Influent water 2009-02-23 ng/l < 10 

7761 Diffuse, STP Ryaverken  Influent water 2009-01-29 ng/l 65 

7723 Diffuse, STP Henriksdal  Effluent water 2008-12-16 ng/l < 5 

7725 Diffuse, STP Käppalaverket  Effluent water 2008-12-16 ng/l 35 

7840 Diffuse, STP Helsingborg Effluent water 2009-04-21 ng/l 14 

7784 Diffuse, STP Sjölunda  Effluent water 2009-02-23 ng/l < 5 

7762 Diffuse, STP Ryaverken  Effluent water 2009-01-29 ng/l 120 
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Table A3. Sample information and results from the screening programme for DBNPA. 

Sample ID Category Site Sampling date Matrix 
DW  
(%) 

Notes Conc  

7798 Background Råö 2009-02-25 - 2009-02-27 Air   < 1 ng/m3 

7814 Background Råö 2009-03-27 - 2009-03-30 Air   < 1 ng/m3l 

7674 Background Gårdsjön 2008-11-20 Sediment 4  < 60 ng/g f.v. 

7708 Background Tärnan 2008-09-23 Sediment 10  < 60 ng/g f.v. 

7679 Background Gårdsjön 2008-11-20 Surface water   < 300 ng/l 

7615 Background Tärnan 2008-11-30 Surface water   < 300 ng/l 

7616 Background Largen 2008-11-31 Surface water   < 300 ng/l 

7797 Point source Paper and pulp industry 2009-03-05 - 2009-03-06 Air   < 1 ng/m3 

7811 Point source Paper and pulp industry 2009-03-05 Soil 72  < 60 ng/g f.v. 

7812 Point source Paper and pulp industry 2009-03-05 Soil 72  < 60 ng/g f.v. 

7831 Point source Landfill 2009-04-22 Leachate water   < 1250 ng/l 

7832 Point source Landfill 2009-04-22 Leachate water   < 1250 ng/l 

7813 Point source Paper and pulp industry 2009-03-05 Surface water   < 300 ng/l 

7789 Point source Paper and pulp industry 2009-03-04 Storm water   < 1250 ng/l 

7787 Point source Paper and pulp industry 2009-03-03 Influent water   < 1250 ng/l 

7788 Point source Paper and pulp industry 2009-03-03 Effluent water  
After biological 
treatment 

< 625 ng/l 

7809 Diffuse, urban Göteborg, Femman  2009-02-23 - 2009-02-24 Air   < 1 ng/m3 

7796 Diffuse, urban Göetborg, Femman  2009-03-02 - 2009-03-04 Air   < 1 ng/m3 

7669 Diffuse, urban Stockholm, Vårbergstoppen 2009-02-13 Soil 28  < 60 ng/g f.v. 

7670 Diffuse, urban Stockholm, Årstafältet 2009-02-16 Soil 68  < 60 ng/g f.v. 

7585 Diffuse, urban Stockholm, St. Essingen 2008-11-08 Sediment 18  < 60 ng/g f.v. 

7583 Diffuse, urban Stockholm, Årstaviken 2008-11-08 Sediment 16  < 60 ng/g f.v. 

7584 Diffuse, urban Stockholm, Riddarfjärden 2008-11-08 Sediment 16  < 60 ng/g f.v. 

7582 Diffuse, urban Stockholm, St. Essingen 2008-11-08 Surface water   < 300 ng/l 

7578 Diffuse, urban Stockholm, Årstaviken 2008-11-10 Surface water   < 300 ng/l 

7581 Diffuse, urban Stockholm, Riddarfjärden 2008-11-08 Surface water   < 300 ng/l 

7845 Diffuse, urban Stockholm, Årstafältet 2009-04-27 Storm water   < 1250 ng/l 

7846 Diffuse, urban Stockholm, Huddinge 2009-04-27 Storm water   < 1250 ng/l 

7771 Diffuse, urban Göteborg, Odingsplatsen 2009-02-23 Storm water   < 1250 ng/l 
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Sample ID Category Site Sampling date Matrix 
DW  
(%) 

Notes Conc  

7773 Diffuse, urban Göteborg, Gårda 2009-02-23 Storm water   < 1250 ng/l 

7775 Diffuse, urban Göteborg, Korsvägen 2009-02-23 Storm water   < 1250 ng/l 

7772 Diffuse, urban Göteborg, Odingsplatsen 2009-02-23 Storm water sludge 22  < 250 ng/g f.v. 

7774 Diffuse, urban Göteborg, Gårda 2009-02-23 Storm water sludge 19  < 250 ng/g f.v. 

7776 Diffuse, urban Göteborg, Korsvägen 2009-02-23 Storm water sludge 41  < 250 ng/g f.v. 

7766 Diffuse, STP Henriksdal 2009-01-30 Sludge 27  < 250 ng/g f.v. 

7726 Diffuse, STP Käppalaverket 2008-12-15 Sludge 17  < 250 ng/g f.v. 

7841 Diffuse, STP Helsingborg  2009-04-20 Sludge 25  < 250 ng/g f.v. 

7782 Diffuse, STP Sjölunda  2009-02-23 Sludge 23  < 250 ng/g f.v. 

7760 Diffuse, STP Ryaverken 2009-01-29 Sludge 32  < 250 ng/g f.v. 

7722 Diffuse, STP Henriksdals 2008-12-16 Influent water   < 1250 ng/l 

7724 Diffuse, STP Käppalaverket 2008-12-16 Influent water   < 1250 ng/l 

7839 Diffuse, STP Helsingborg  2009-04-21 Influent water   < 1250 ng/l 

7779 Diffuse, STP Sjölunda  2009-02-23 Influent water   < 1250 ng/l 

7761 Diffuse, STP Ryaverken 2009-01-29 Influent water   < 1250 ng/l 

7723 Diffuse, STP Henriksdals  2008-12-16 Effluent water   < 625 ng/l 

7725 Diffuse, STP Käppalaverket 2008-12-16 Effluent water   < 625 ng/l 

7840 Diffuse, STP Helsingborg  2009-04-21 Effluent water   < 625 ng/l 

7784 Diffuse, STP Sjölunda  2009-02-23 Effluent water   < 625 ng/l 

7762 Diffuse, STP Ryaverken 2009-01-29 Effluent water   < 625 ng/l 
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Abstract

To determine whether the carbamate fungicide IPBC alters the olfactory-mediated behavioral and physiologic alarm responses of coho salmon

parr (Oncorhynchus kisutch), groups of coho were exposed to skin extract (an alarm pheromone source) under a variety of conditions. In the 3 min

following skin extract exposure, freezing behavior was significantly increased (In the 3 min following skin extract exposure, freezing behavior

was significantly increased under darkness (IR lighting) but not ambient lighting (25.3 ± 2.6% and 7.5 ± 5.7%, respectively; ∆ calculated as:

[(time (s) after/time (s) before) − 1] × 100%), and so IR was used for further experiments. Physiologically, following skin extract exposure, plasma

cortisol concentration was increased at 0.5 h (58.1 ± 14.6 ng/ml versus 4.32 ± 1.31 ng/ml, exposed versus control), hematocrit (Hct) was increased

at 2 h (50.4 ± 1.0% versus 41.7 ± 1.6%), and leucocrit (Lct) was decreased at 0.5 and 2 h (0.534 ± 0.114 and 0.13 ± 0.01% versus 1.23 ± 0.20%).

After 0.5 h exposures to 0, 1, 10 and 100 �g/l IPBC and skin extract, the time spent dashing (>5 cm/s) increased significantly (323 ± 118%) in

the first minute after skin extract exposure, but was absent in IPBC-exposed coho. Freezing behavior increased after skin extract exposure with

control and 1 �g/l IPBC exposures (11.0 ± 3.0% and 17.7 ± 11.0%, respectively), but was absent after 10 �g/l and decreased after 100 �g/l IPBC.

Physiologically, Hct and plasma lactate concentration were significantly increased above controls after 1 �g/l IPBC exposure (Hct: 45.7 ± 1.6%

versus 34.0 ± 1.6%, lactate: 12.8 ± 1.2 mM versus 3.30 ± 1.2 mM). After 10 �g/l exposure, IPBC alone elicited a stress response similar to skin

extract. However in the 100 �g/l treatment group the stress parameters were not different from controls. These findings suggest that the behavioral

and physiologic alarm responses of juvenile salmonids may be impaired by acute exposure to ≥1 �g/l IPBC.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

For salmonids, olfaction facilitates indispensable behaviors

such as migration and predator avoidance. By necessity, olfac-

tory sensory neurons (OSNs) have a relatively unprotected

environmental interface, which may leave them at risk during

contaminant exposure. Environmentally realistic concentrations

of metals and pesticides have been shown to impair salmonid

OSNs (e.g. Hara et al., 1976; Borie et al., 1981; Waring and

Moore, 1997; Baldwin et al., 2003; Jarrard et al., 2004; Sandahl

et al., 2004). By impairing OSNs, contaminants may also affect

olfactory-mediated behavioral and physiologic responses. For

example, pesticides toxic to OSNs can lead to reduced sex steroid

production (Moore and Waring, 1996a, 2001) and altered migra-

∗ Corresponding author. Tel.: +1 604 291 5640; fax: +1 604 291 3496.

E-mail address: ckennedy@sfu.ca (C.J. Kennedy).

tion (Scholz et al., 2000). Compared with tests of OSN function,

olfactory-mediated behavioral and physiologic response tests

are more ecologically meaningful (Scott and Sloman, 2004),

but they are also more technically difficult to assess.

Carbamate pesticides can rapidly impair salmonid OSNs at

exposure concentrations ≤1 �g/l (Jarrard et al., 2004; Tierney et

al., 2006). For example, 1 �g/l exposure to the carbamate anti-

sapstain wood preservative IPBC (3-iodo-2-propynyl-N-butyl

carbamate) significantly impaired coho salmon OSNs in 25 min

(Tierney et al., 2006). The manner in which carbamates impair

olfaction is unknown; most carbamate pesticides (i.e. N-methyl

carbamates such as carbaryl or carbofuran) impair their targets is

through addition of a carbamoyl moiety (NH2CO) to the ser-OH

esteratic site of the enzyme acetylcholinesterase. IPBC’s mode

of fungicidal action is unknown, although it has been hypothe-

sized to be due to the terminal iodine (Juergensen et al., 2000).

Structurally, IPBC resembles other carbamates in that it contains

a core of carbamic acid (see Fig. 1), but it is not an N-methyl

0166-445X/$ – see front matter © 2006 Elsevier B.V. All rights reserved.

doi:10.1016/j.aquatox.2006.06.003
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Fig. 1. The chemical structure of: (A) IPBC (3-iodo-2-propynyl-N-butyl carba-

mate) and that of the N-methyl carbamate and (B) carbaryl (1-naphthyl-N-methyl

carbamate).

carbamate. IPBC has received attention in part because it can be

present in runoff from lumber storage and milling sites located

on salmon-producing rivers (Envirochem, 1992; Juergensen et

al., 2000). Currently, the Canadian regulatory IPBC guideline

for freshwater is 1.9 �g/l (CCME, 1999); US guidelines would

be present on product labeling (FIFRA, 1996). The Canadian

limit is well below acute lethality values for juvenile salmonids

(96 h LC50 of 67 and 95 �g/l for rainbow trout [Oncorhynchus

mykiss] and coho salmon [O. kisutch], respectively [Bailey et

al., 1999; Farrell et al., 1998]), but it is not below concentra-

tions that cause olfactory toxicity (i.e. 0.1 �g/l, Jarrard et al.,

2004). Although IPBC has been identified as toxic to salmonid

OSNs, it is not known how this may translate to altered olfactory-

mediated physiologic or behavioral responses.

This study examined the olfactory-mediated alarm responses

of coho salmon parr following a sublethal IPBC exposure.

The alarm response consists of physiologic and behavioral

responses, characteristic of ‘fight-or-flight’ reactions (Cannon,

1914). Specifically, following sensory input, central com-

mand neurons of the autonomic nervous system facilitate

physiologic stress responses (Jansen et al., 1995). These

responses may include hypothalamo–sympathetic–chromaffin

axis-mediated release of catecholamines (e.g. epinephrine) and

hypothalamo–pituitary–interrenal axis-mediated release of glu-

cocorticoids (e.g. cortisol) (Mommsen et al., 1999). The for-

mer providing rapid (i.e. ≥seconds) enhancement of glucose

and oxygen delivery to tissues such as muscle and brain, and

the latter providing a following up (i.e. ≥minutes) that also

enhances glucose availability, but in addition, enhances its stor-

age (Mommsen et al., 1999). In the teleost alarm response, both

primary (e.g. cortisol increases) and secondary (e.g. glucose

increase) responses typically occur (Scott et al., 2003; Rehnberg

and Schreck, 1987). In non-olfactory-based stress studies, other

blood sample based measures including packed red and white

blood cell volume (hematocrit [Hct] and leucocrit [Lct], respec-

tively) have been used to assess secondary physiologic stress

responses. For example, Hct increased from 37 to 42% (Tierney

et al., 2004a) and Lct increased from 0.57 to 0.82% (Tierney et

al., 2004b) in coho salmon parr 96 h after a cold-shock (18–8 ◦C

transfer).

Physiologic changes may underlie behavioral alarm

responses, which usually involve energy expenditure. For exam-

ple, when the ostariophysan matrinxã (Brycon cephalus) per-

ceives alarm pheromone, a period of hyperactivity (i.e. ‘dash-

ing’) precedes hypoactivity (i.e. ‘hiding’) (Ide et al., 2003). In

salmonids, a variety of alarm response studies have reported

a period of hypoactivity or increased time spent frozen in

alarmed fish (in rainbow trout: Brown and Smith, 1997, 1998;

Mirza and Chivers, 2001, 2003; Leduc et al., 2004; in chinook

salmon (Oncorhynchus tshawytscha): Berejikian et al., 1999,

2003; Scholz et al., 2000). As the magnitude of the alarm signal

increases, the amount of inactivity increases (Mirza and Chivers,

2003). Thus far, dashing behavior has not been observed in coho

salmon.

In the present study, swimming behaviors were observed and

primary and secondary measures of stress were taken in coho

salmon parr following skin extract exposure. Typically, salmonid

alarm response behavior is examined in individuals; however,

we chose to measure it in groups, which may improve ecologi-

cal relevance. This also facilitates physiologic measures, which

tend to be measured in five or more tank-exposed fish. To help

limit any non-olfactory-based alarm reaction (e.g. visual alarm

reaction propagation; Smith, 1992), a novel infrared camera and

lighting system was designed to allow testing under darkness.

To help resolve a suitable sampling time and skin extract con-

centration, the physiologic responses were measured at 0, 0.5,

1 and 2 h after exposure to three concentrations of skin extract.

Finally, both the physiologic and behavioral responses of coho

exposed to skin extract were characterized following exposure

to three concentrations of IPBC.

2. Materials and methods

2.1. Animals

Coho salmon parr were obtained from the Fisheries and

Oceans Canada (DFO) Capilano Fish Hatchery (North Vancou-

ver, BC) in January 2005 (n = 370, mass 10.0 ± 0.13 g, length

10.0 ± 0.04 cm, fork length condition factor 0.995 ± 0.006;

Adams et al., 1993). Coho were held for at least 3 weeks prior

to experimentation in a 500 l flow-through tank supplied with

dechlorinated municipal water (dissolved oxygen > 90% satura-

tion, pH 6.8, hardness 6.12 mg/l CaCO3), using a 12-h light:12-h

dark photoperiod, and were fed commercial salmon feed ad libi-

tum (EWOS Pacific, Surrey, BC).

2.2. Skin extract and pesticide preparation

Skin extract was prepared as in Brown and Smith (1998).

In brief, fish were sacrificed by cervical dislocation, the skin

was then removed, rinsed with distilled deionized water (DDW),

massed and placed on ice. In the first experiment with lighting,

50 mg/l of skin extract was used as this concentration was com-

parable to that used in a similar study with rainbow trout (i.e.
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43 mg/l; Scott et al., 2003). To achieve the desired skin extract

exposure concentration, 1.7 g of skin was homogenized, filtered

through glass wool and brought to a final volume of 50 ml in

DDW and then frozen at −20 ◦C. Thus, when added to the 34 l

tanks (dimensions of 50 [length] × 25 [width] × 27 [height] cm),

the final skin extract concentration was ∼50 mg/l. In the second

experiment, to determine the effect of skin extract concentration

on alarm response, concentrations bracketing this concentration

were also tested (i.e. 5 and 500 mg/l).

IPBC (3-iodo-2-propynyl-N-butyl carbamate; 97%; Sigma–

Aldrich, Oakville, ON) was solubilized in polyethylene glycol

(10 mg/ml) before being added to tanks.

2.3. Video surveillance equipment and light sources

For behavior analysis, video was acquired and captured using

CNL100 CCD cameras (one per tank) streaming to PV-140V

surveillance cards (Matco, St. Laurent, QC) in a 2 GHz Pen-

tium PC. Cameras were placed 15 cm above the water, which

permitted capture of the complete tank area.

For tests under ambient lighting (first experiment only), tanks

were illuminated using standard, fluorescent lighting. For all

other tests, individual tanks were illuminated using two custom-

built infrared (IR) light sources, each consisting of a parallel

array of four strings of six TSAL5100 940 nm wavelength diodes

(Vishay, Shelton, CT) and two 22 � resistors (total 48 LEDS

per tank). IR (i.e. wavelengths between ∼≥750 nm and ≤1 mm)

cannot be detected by other salmonids (e.g. rainbow trout (Allen

and Munz, 1983) and Atlantic salmon (Ali, 1961)), and so it

is likely that coho cannot detect IR either. Here, the IR light

illuminated the tanks and was relayed by the cameras, computer

and software as white-light.

2.4. Experiment 1: the alarm reaction under different

lighting conditions

To determine whether the behavioral alarm response could

be measured in the absence of visual light, coho were tested

under ambient and infrared lighting. Coho were held for 24 h

in 34 l tanks, with control and treatment tanks for each lighting

condition (five fish per tank; four tank replicates per lighting

condition). Each tank, camera and lighting arrangement was

completely shielded in black plastic to eliminate outside visual

disturbances. Vehicle control (DDW) or skin extract was injected

into tanks through a glass inflow tube and chased by 15 ml of

DDW to ensure complete delivery. For IR experiments, the fluo-

rescent lights were turned off and IR lights were turned on 0.5 h

before injections. Video was recorded for 5 min before and after

vehicle or skin extract exposure for subsequent behavioral anal-

ysis. All experiments were conducted at the same time of day.

2.5. Experiment 2: skin extract concentration and sampling

time

As in Experiment 1 (Exp. 1), fish were placed into 34 l flow-

through tanks and acclimated for 24 h before testing (n = 5 per

tank). To help determine an appropriate skin extract concen-

tration and post-skin extract exposure time that would yield a

significant physiologic stress response, fish were exposed to 0,

5, 50 and 500 mg/l skin extract and sampled at 0, 0.5, 1 and

2 h post skin extract or DDW, with the entire experiment per-

formed in duplicate. Water flow was discontinued 0.5 h prior to

the delivery of the skin extract.

At each sampling time, fish were sacrificed by over anes-

thetization with 0.3 g/l MS-222 (Syndel Laboratories, Vancou-

ver, BC) buffered 1:1 with NaHCO3. Fish were then massed,

lengthed and blood samples were collected via severed caudal

peduncle into 40 �l heparinized Hct tubes. Hct tubes were cen-

trifuged at 10,000 × g for 5 min, and Hct and Lct were measured

within 10 min using digital calipers and a dissecting microscope.

Hct and Lct measurements were performed in triplicate for most

fish. Plasma was isolated and stored at −80 ◦C until analyzed for

cortisol concentration. Each sampling was conducted between

10:00 a.m. and 12:00 p.m. to minimize the possibility of diurnal

cortisol fluctuations (Peter et al., 1978). Cortisol concentrations

were measured in triplicate using ELISA kits (Neogen Corpo-

ration, Medicorp, Montréal, QC).

2.6. Experiment 3: the alarm reaction after IPBC exposure

As in Exps. 1 and 2, fish were placed into 34 l flow-through

tanks and allowed to acclimate for 24 h (n = 5 per tank). To

determine whether IPBC altered the alarm response, fish were

statically exposed to 0, 1, 10 and 100 (nominal) �g/l IPBC for

0.5 h, with the experiment performed in hexuplicate. Controls

received the same amount of vehicle as the highest concentra-

tion (i.e. 0.1 ml/l or 0.34 ml PEG per tank). Tanks were then given

50 mg/l skin extract, a concentration shown in Exp. 2 to cause

significant changes in primary and secondary stress response

parameters, or vehicle. After a 0.5 h skin extract or vehicle expo-

sure (total IPBC exposure of 1 h), fish were sacrificed and blood

samples were taken and analyzed as above, except that plasma

glucose and lactate concentrations were also measured (kits from

Stanbio, Boerne, TX; Trinity Biotech, St. Louis, MO).

2.7. Behavioral and statistical analysis

The swimming speed of each fish in the horizontal plane was

determined manually with the help of 1 cm2 black gridlines on

white plexiglas tank bottoms for every second of 3 min before

and after skin extract or vehicle exposure. This behavioral scor-

ing was conducted blind. For Exp. 1, since early observations

indicated that fish were either still or in motion, the propor-

tion of time spent either active (>0 cm/s) or inactive (frozen;

∼0 cm/s) for the 3 min before and after skin extract exposure

was determined within each tank. A similar quantification of

activity was used by Lindsay and Vogt (2004) and Scholz et al.

(2000). Differences in the average time spent frozen before and

following skin extract exposure were compared using two-way

repeated measures analysis of variance (RM ANOVA) followed

by Holm–Sidak post hoc test. Additionally, to determine if the

change in the time spent frozen was significant for each lighting

condition, the change in freezing, calculated as [after–before;

time in seconds], was tested against zero using a two-tail t-test.
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For Exp. 3, to better capture fish behavior, the ‘active’ cat-

egory of Exp. 1 was split into ‘active’ (>0 and <5 cm/s) and

‘dashing’ (>5 cm/s). Since dashing has typically been observed

prior to the freezing portion of the alarm response (Ide et al.,

2003), the amount of time spent dashing during the first minute

and the amount of time spent frozen during the third minute

was compared to the average for the 3 min pre-exposure period.

To ease reporting, the % change ([after–before − 1] × 100%) is

also provided. Within all tanks, there was at least 1 s of each

activity over the pre- and post-skin extract 3-min periods, and

so the equation was never undefined. As in Exp. 1, a two-tail

t-test of the change in activity against zero was used to detect

significant changes in behavior.

For physiologic data, comparisons were made between repli-

cate tanks, and if no differences were found, data was pooled and

individual fish were considered (and thus n = 10 and 30 per treat-

ment, Exps. 2 and 3, respectively). For Exp. 2, two-way ANOVA

followed by a Holm–Sidak test was used to test for differences

and interactions between skin extract concentration (0, 5, 50 and

500 mg/l) and exposure time (0, 0.5, 1 and 2 h) for stress param-

eters. For Exp. 3, the same statistical method was used to detect

differences in alarm response at each IPBC concentration. All

percent data were arcsine transformed prior to statistical analy-

sis (Zar, 1999). Statistical significance was set at p < 0.05, and

unless stated otherwise, reported values are mean ± S.E.M. JMP

5.0 (SAS, Toronto, ON), SigmaStat 3.0 and SigmaPlot 8.0 (Sys-

tat Software, Inc., Point Richmond, CA) were used for statistical

analysis and graphing.

3. Results

3.1. Experiment 1: the alarm reaction under different

lighting conditions

Fish were significantly more active in darkness, spending

29.9 ± 4.5% of the time active under infrared (IR) light (i.e.

an average 269 ± 40 s of the total 900 possible seconds [5

fish × 3 min × 60 s/min] was spent at >0 cm/s) compared to

10.0 ± 6.6% (or 90.2 ± 59.0 s of total) under ambient lighting

(p = 0.038) (Fig. 2). However, following skin extract expo-

sure, activity levels were similar (4.08 ± 1.62% IR versus

7.33 ± 1.06% ambient) (Fig. 2). Freezing behavior increased

in both lighting conditions (25.3 ± 2.6% under IR versus

7.54 ± 5.7% under ambient), but the increase was only sig-

nificant under IR (p = 0.008). Subsequent experiments were

conducted under IR.

3.2. Experiment 2: skin extract concentration and sampling

time

Skin extract exposure elicited significant changes in all of

the measured primary and secondary stress response parame-

ters compared to controls. Values for time 0 and vehicle control

groups (no skin extract) were not significantly different and so

were pooled and are reported as mean ± 95% CI (Fig. 3). Plasma

cortisol concentration was significantly increased over controls

at 0.5 h following skin extract exposure (p = 0.001) (Fig. 3a),

Fig. 2. The percent of time juvenile coho salmon spent either active (>0 cm/s) or

inactive (∼0 cm/s) 3 min before and following skin extract exposure under either

ambient or infrared lighting (darkness). Asterisk indicates significant difference

(two-way ANOVA, Holm–Sidak, n = 4 tanks per lighting condition, five fish per

tank).

Fig. 3. (a) Plasma cortisol concentration, (b) hematocrit and (c) leucocrit of coho

salmon parr at 0, 0.5, 1 and 2 h following exposure to 0, 5, 50 and 500 mg/l of skin

extract, an alarm pheromone source. Plasma cortisol concentration and leucocrit

were pooled as there no differences due to skin extract concentration. Similarly,

time 0 and distilled water controls were pooled and are shown as mean ± 95%

CI (dashed and dotted lines, respectively). Like alphanumeric superscripts indi-

cate values that are not significantly different; asterisk indicates difference from

control (two-way ANOVA, Holm–Sidak, n = 10 per group).
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whereas Lct was significantly decreased at 0.5 and 2 h, but not at

1 h (p values of 0.04, 0.001 and 0.193, respectively) (Fig. 3c). For

both plasma cortisol concentration and Lct, the amount of skin

extract used (5, 50 and 500 mg/l) did not influence the response

and so values are reported pooled (p values of 0.426 and 0.207,

respectively) (Fig. 3a and c). With Hct, there were some differ-

ences between skin extract exposure concentrations, although

overall, Hct values were significantly greater than control at 2 h

post exposure (p < 0.001) (Fig. 3b). Since a sampling time of

0.5 h resulted in significant changes in two of three measured

stress parameters (i.e. cortisol concentration increased and Lct

decreased), and as 50 mg/l is a concentration similar to that used

previously (i.e. 43 mg skin/l, in Scott et al., 2003), this time and

concentration were used for experiments with IPBC.

3.3. Experiment 3: the alarm reaction after IPBC exposure

In vehicle-exposed tanks, dashing was significantly

(p = 0.002) increased in the first minute following skin-extract

exposure. Specifically, during the 3 min pre-skin extract

exposure, there was an average of 2.69 ± 1.44 s of dashing

compared to 9.83 ± 6.92 s of dashing in the 1 min following,

resulting in a 323 ± 118% increase (Fig. 4a). Freezing was

significantly (p = 0.024) increased in the third minute following

skin extract exposure (11.0 ± 3.0% increase, or 264 ± 10 s

Fig. 4. (a) Changes in the proportion of the first minute spent dashing (>5 cm/s)

and (b) of the third minute spent frozen (∼0 cm/s) for coho salmon after 0.5 h

exposure to concentrations of the carbamate pesticide IPBC and either a dis-

tilled water control (©) or 50 mg/l skin extract (�). Percent activity change

was calculated as (after/before − 1) × 100%. Values differing from zero (i.e. no

change) are denoted with asterisk (two-sample t-test, n = 6 tanks of five fish per

point).

Fig. 5. (a) Plasma cortisol concentration, (b) hematocrit and (c) lactate concen-

tration in coho salmon parr 1 h after IPBC exposure and 0.5 h after either distilled

water control (©) or 50 mg/l skin extract (�). Like letters indicate values that are

not significantly different from each other; differences between control and skin

extract-exposed groups at each IPBC concentration are denoted with asterisks

(two-way ANOVA, Holm–Sidak, n = 30 per point).

before versus 292 ± 3 s after skin extract exposure) (Fig. 4b). In

all IPBC-exposed fish, the time spent dashing was completely

eliminated (Fig. 4a). The time spent freezing was not altered

with 1 �g/l IPBC (17.7 ± 11.0%; p = 0.030), but was absent

with 10 (4.06 ± 2.22%; p = 0.065) and decreased with 100 �g/l

IPBC (−23.6 ± 11.4%; p = 0.030; i.e. skin extract caused an

increase in activity at 100 �g/l IPBC) (Fig. 4b).

In skin extract-exposed fish, cortisol concentration increased

(p = 0.020) and Hct decreased (p = 0.008) compared to vehi-

cle controls (Fig. 5a and b, respectively). The stress responses

were altered differently by IPBC at each exposure concentration.

Specifically, in the 1 �g/l IPBC treatment group, skin extract

exposure caused significant increases in both Hct (p = 0.010) and

plasma lactate concentration (p = 0.009) (Fig. 5b and c, respec-

tively). With a 10 �g/l IPBC exposure, IPBC exposure alone

caused an increase in stress parameters; skin extract caused no

further change or was not different from control. For example,

Hct was significantly increased from control (p = 0.029), but was

not influenced by skin extract exposure (p = 0.513) (Fig. 5b). No
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stress parameters were significantly different from control fol-

lowing 100 �g/l IPBC exposure. No changes were detected in

Lct and or glucose for any groups.

4. Discussion

The goal of this research was to determine if exposure to the

carbamate fungicide IPBC impaired the behavioral and physio-

logic olfactory-based alarm reaction in coho salmon parr. Certain

coho stocks are endangered in Canada and the US, and these and

other salmonids are important to aboriginal culture, recreational

and commercial fisheries, marine ecosystems (e.g. food for res-

ident killer whales, Orcinus orca) and terrestrial ecosystems

(i.e. nutrients for temperate rainforests and terrestrial predators).

Salmonids are particularly vulnerable to the possible effects of

currently used pesticides, with their large-scale migrations and

their reliance on multiple habitat types at different life stages.

The olfactory-mediated alarm response was selected for

study since it can be crucial to successful negotiation of a preda-

tor attack (Kats and Dill, 1998). For the juvenile life stage

tested here, the alarm response is of obvious ecological rele-

vance. However, the alarm response is not the only function in

which olfaction is essential to survival; olfaction is indispens-

able throughout the salmonid life cycle, enabling imprinting and

return migration (Dittman and Quinn, 1996), and the synchro-

nization of gamete release (Moore and Waring, 1996b). Since

many of these behaviors are based on olfaction, a reduction in

alarm response performance may indicate a reduction in oth-

ers. The carbamate IPBC was chosen for study both because

of its proximal use to major salmon-producing rivers in British

Columbia and elsewhere, and because of its established toxic-

ity to salmon OSNs (Jarrard et al., 2004; Tierney et al., 2006).

Furthermore, IPBC may serve as a model for other current-

use pesticides that are acutely toxic to salmonid OSNs. The

IPBC concentrations used in this study (1, 10 and 100 �g/l)

are potentially environmentally realistic, since IPBC has been

reported to vary from non-detectable to 370 �g/l in stormwater

(Envirochem, 1992). Furthermore, the method of pulse expo-

sures used here may also be typical of IPBC exposures in the

field since it is moderately soluble, does not appreciably adsorb

to sediments, and can remain in solution for extended periods

(Table 1).

To determine if testing could be conducted under darkness

(in order to remove visual alarm propagation that can occur in

groups of fish), coho were tested under infrared and fluores-

cent lighting. Coho salmon were more active under darkness, a

finding that agrees with other studies. For example, the foraging

activity of chinook salmon was greater under conditions of water

turbidity, which limits vision, (Gregory and Northcote, 1993).

On a larger scale, the migration activity of brown trout (Salmo

trutta) was found to be greater at night (Bendall et al., 2005).

Consequently, it is possible that for salmonids, activity is greater

under the cover of darkness because the perceived predation

risk is lower. This agrees with the present study: because of the

greater activity under darkness, the relative increase in freezing

behavior was significant only in the absence of light. For coho

tested under fluorescent lighting, the increase in freezing was

Table 1

General information and some physico-chemical properties of IPBCa

Property Value

Name 3-Iodo-2-propynyl-N-butyl carbamate

CAS number 55406-53-6

Chemical formula C8H12INO2

Molecular mass (g/mol) 281

Specific gravity (g/ml) 1.58

Water solubility (mg/l) 156

Hydrolysis half-life (days)

pH 5 Stable

pH 7 139

pH 9 0.947

Vapor pressure (Pa)

20 ◦C 0.002

30 ◦C 0.007

Melting point (◦C) 54

Log octanol–water partition

coefficient (Kow)

2.81

Log organic-carbon

adsorption coefficient (K∝)

2.05 ± 0.12b

Bioconcentration factor <4.5

Products Kop-CoatNP-1

TroysanKK108-A

Troysan Polyphase P-100

Uses Antisapstain

Antimicrobial

Mildewcide

a From the review by Juergensen et al. (2000).
b Average for various sediments.

not significant, which suggests that these coho may have been

already somewhat in predator avoidance mode. After skin extract

exposure, activity was the same regardless of lighting, which

may indicate skin extract induced a risk level unrelated to light-

ing. Similarly, Vainikka et al. (2005) noted that the antipredator

responses (which included decreased activity and shoaling) of

perch (Perca fluviatilis) did not differ with risk level. In con-

trast, Hartman and Abrahams (2000) noted that fathead minnows

(Pimephales promelas) exhibited an increased dashing response

following alarm substance exposure under turbid conditions.

They propose that since the minnows were unable to visually

assess their surroundings, the predation risk was assumed to be

greater and thus there was a commensurate increase in alarm

response. The difference between salmonids and minnows in

this regard is unclear. Darkness was used in the present study

to help isolate a chemosignal from photosignals, however, it

does not remove all non-olfactory based sensory input, e.g. the

mechanoreception of the lateral line system (Dijkgraaf, 1962;

Ćurčić-Blake and van Netten, 2006).

The experimental procedure used was not stressful since con-

trol cortisol concentrations (4.32 ± 1.31 ng/ml) compare favor-

ably with other studies using similar fish (e.g. 2–5 ng/ml in

Atlantic salmon [Salmo salar] parr (Shrimpton and McCormick,

1998) and 5 and 10–15 ng/ml in juvenile rainbow trout (Scott

et al., 2003 and Toa et al., 2004, respectively)). However, for

the final set of experiments with IPBC (Exp. 3), which were

conducted in April and approximately one month following the
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initial measurements (Exp. 2), the control values were higher

(61.8 ± 6.0 ng/ml). This may have been from natural increases

in this stress hormone coincident with the approaching smoltifi-

cation period (Shrimpton and McCormick, 1998; McCormick et

al., 2000). Regardless of this baseline concentration, skin extract

exposure elicited a plasma cortisol increase. In the coho tested

earlier, skin extract exposure caused an approximately 10-fold

increase in plasma cortisol concentration in 0.5 h; in the coho

tested later, the difference was closer to 2-fold. As a general rule,

stressful events such as handling or contaminant exposure can

cause increases in plasma cortisol concentration in 1 h (reviewed

by Mommsen et al., 1999).

The concentration of skin extract used (5, 50 or 500 mg/l)

did not appear to influence the cortisol response, which may

indicate that these concentrations were all above the HPI axis

response threshold. Therefore, to facilitate a comparison with

a similar study on rainbow trout that used 43 mg/l (Scott et al.,

2003), 50 mg/l was used in the final set of experiments. In Scott

et al. (2003) and the present study, skin extract caused signifi-

cant increases in plasma cortisol concentrations within 0.5 h. In

contrast, Ide et al. (2003) found that skin extract did not increase

cortisol in matrinxã. Other antipredator cues, such as predator

scent, can also increase plasma cortisol concentration. For exam-

ple, plasma cortisol concentration was increased in coho salmon

following exposure to tank water of both northern squawfish

(Ptychocheilus oregonensis) and largescale sucker (Catostomus

macrocheilus) (Rehnberg and Schreck, 1987). Secondary mea-

sures of stress may also indicate an olfactory-mediated alarm

response. Here, we report for the first time that both Hct and Lct

can change following skin extract exposure, with decreases in

both noted 0.5 h following exposure. These changes may have

their origins in altered cortisol concentrations since this hormone

is the teleost mineralocorticoid and is leucocytolytic (Weyts et

al., 1998). The olfactory-mediated physiologic response likely

provides energy for antipredator behaviors, since an Hct increase

can enhance blood oxygen carrying capacity (Gallaugher and

Farrell, 1998), and leucocyte destruction may make protein

available for gluconeogenesis (McLeay, 1973).

Coho exhibited a biphasic behavioral alarm response to skin

extract (i.e. dashing occurred prior to freezing). As stated in

the introduction, dashing has not been observed previously in

salmonids. The difference in the present study may have been

due to the testing procedure, which consisted of five coho

together under IR in small tanks, or may have been influenced by

the life stage used. Alternately, the concentration of skin extract

was sufficient to evoke an as yet unseen behavioral response. As

Mirza and Chivers (2003) noted, the magnitude of the behav-

ioral alarm response can be related to skin extract concentration.

If this is the case, it suggests that some components of the alarm

response may differ in thresholds, seeing as the cortisol response

was unrelated to skin extract concentration. This idea is further

supported with our IPBC exposures: dashing was impaired by

a lower concentration of IPBC than freezing (i.e. 1 �g/l versus

10 �g/l, respectively), which may indicate that dashing behavior

has a higher response threshold.

Other pesticides can impair alarm responses at similar con-

centrations, for example, in chinook salmon, Scholz et al. (2000)

found that the freezing response was impaired by 2 h exposure

to 1 �g/l of the insecticide diazinon. Furthermore, environmen-

tal contaminants other than pesticides can impair the alarm

response; Scott et al. (2003) found that the normal decreases in

line crossings and feeding caused by skin extract exposure did

not occur in rainbow trout exposed to 2 �g/l Cd for 1 week. Fur-

thermore, contaminant exposure can reduce the alarm response

in other types of fishes. For example, Saglio and Trijasse (1998)

found that the grouping response exhibited by goldfish follow-

ing skin extract exposure was decreased 24 h after exposure to

5 �g/l of the herbicides atrazine or diuron. The results of the

present study together with those of others clearly establish that

olfactory-mediated behavior can represent a sensitive sublethal

toxicity endpoint in fish. Moreover, because of the importance

of olfactory-mediated behaviors such as the alarm response, a

pesticide-associated impairment of performance may have pro-

found consequences for survival.

The physiologic alarm response of coho salmon parr was also

altered by IPBC exposure. The expectation was that a decrease

in this stress response would occur since a 1 �g/l IPBC expo-

sure has been shown to impair olfactory neurons (Jarrard et al.,

2004; Tierney et al., 2006) and olfactory-mediated behaviors.

This was true for Hct, where skin extract alone caused an Hct

decrease that was eliminated by 1 �g/l IPBC exposure, but not

necessarily true for lactate, where skin extract appeared to cause

a significant increase only in the presence of IPBC. It is possible

that the lactate increase was motivated by multiple stressors (i.e.

IPBC and skin extract together). Both Hct and plasma lactate

concentration may be increased in juvenile salmonids follow-

ing stressful events such as contaminant exposure (Tierney et

al., 2004a and Wood et al., 1996, respectively). These findings

are significant because they indicate that olfactory toxicity may

need to be considered along with other measures of toxicity.

Skin extract exposure did not appear to contribute to the phys-

iologic stress response at an IPBC exposure concentration of

10 �g/l or greater. However, three stress parameters (plasma cor-

tisol and lactate concentration, and Hct) were increased. These

IPBC-mediated increases may represent meaningful digres-

sions from homeostasis, as Hct was increased beyond the

normal healthy salmonid Hct range (i.e. from 41.3 ± 2.2% to

48.2 ± 2.2%; normal range 35–41%, Gallaugher and Farrell,

1998). Curiously, after 100 �g/l IPBC exposure, parameters

were not different from 0 �g/l IPBC control. These findings are

in keeping with Farrell et al. (1998), who found no change in a

similar suite of primary and secondary stress parameters in juve-

nile rainbow trout after 24 h to 140 �g/l Polyphase P-100 (97%

IPBC). Since stress parameters were increase by a concentra-

tion between 1 and 100 �g/l, IPBC may have had a hormetic

effect (reviewed by Calabrese, 2005). Although the mechanism

of IPBC toxicity is unknown (Juergensen et al., 2000), per-

haps at the highest concentration, IPBC had a sedatious effect

or it negatively impacted the hypothalamo–pituitary–interrenal

(HPI) axis. In any event, the non-linear response complicates an

extrapolation of IPBC effects from higher to lower concentra-

tions.

Even though a physiologic stress response was absent after

a 100 �g/l IPBC exposure, coho still exhibited a behavioral
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response to skin extract, indicating that there was sensory input

from olfactory neurons. However, skin extract exposure at this

IPBC concentration caused a decrease in freezing behavior,

instead of the typical increase. It is possible that by impair-

ing olfactory neurons, a 100 �g/l IPBC exposure effectively

increased the alarm response threshold, to such a degree that nor-

mal alarm behaviors did not ensue (Mirza and Chivers, 2003).

Alternately, the behavioral response may have deviated because

a physiologic stress response was absent. This would indicate

that a physiologic response is necessary for normal alarm behav-

iors to occur. Future studies could test this interplay by blocking

the stress response with �-blockers (e.g. propranolol) or cortisol

blockers (e.g. metyrapone).

5. Conclusions

Both behavioral and physiologic aspects of the olfactory-

mediated alarm reaction were altered by environmentally real-

istic concentrations of the carbamate fungicide IPBC. One

microgram per liter IPBC exposure eliminated dashing and

aggravated the physiologic stress response. After 10 �g/l IPBC

exposure, the freezing response did not occur, and increases

in various physiological measures of stress were observed. In

fact, on its own, stress parameters were increased after 10, but

not 1 or 100 �g/l IPBC exposure, indicating a non-linear or

complex, multifaceted mechanism of action which precludes

a traditional concentration-response evaluation. After 100 �g/l

exposure, alarm behavior was deviant (i.e. in place of a freezing

response, skin extract caused an increase in activity), and a phys-

iologic stress response was absent. Since alarm response is an

important antipredator behavior, exposures to IPBC at concen-

trations at or below the existing Canadian regulations of 1.9 �g/l

may render exposed salmon more susceptible to predation.
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Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999

PBC (3-iodo-2-propynyl butylcarbamate (CAS
number 55406-53-60 and molecular formula
C8H12INO2) is a carbamate compound (Konasewich
and Quintin 1994) commonly used as a pesticide with

various purposes, an industrial fungicide in paints and
adhesives, an antimicrobial in metal-working fluids and on
canvas and cordage, and as an antisapstain (Szenasy and
Bailey 1996). It is a white crystalline powder with a
specific odour. IPBC is highly soluble in organic solvents
(e.g., acetone and benzyl alcohol) (Bioassay Systems
Corporation 1982) and is moderately soluble in water
(156 mg⋅L-1  at 20°C) (Konasewich and St. Quintin 1994).
IPBC has a low vapour pressure: <0.002 Pa at 20°C and
0.007 Pa at 30°C (USEPA 1997). The log octanol–water
coefficient (log Kow) has been estimated at 2.81 (MRI
1990). IPBC is not likely to complex or absorb with
suspended solids or sediments and is more likely to
remain in the dissolved phase (Szenasy and Bailey 1996).

IPBC has received full registration in Canada for use as a
material preservative in paints, adhesives, caulking, etc.,
and temporary full registration for use as an antisapstain
wood preservative and joining wood preservative
(M. Raphael 1998, Pest Management Regulatory Agency,
Ottawa, pers. com.). IPBC was used in antisapstain
formulations, primarily Kop-Coat NP-1 (7.6% IPBC), at
60% of mills surveyed in British Columbia in 1996
(Environment Canada 1998a). In 1996, lumber mills used
36 020 kg a.i. of IPBC for antisapstain purposes, reduced
from the 47 540 kg used in 1993 (Environment Canada
1998a).

The mode of action of carbamate insecticides is primarily
through acetylcholinesterase inhibition (Ecobichon 1991).
The mode of action of IPBC, a fungicide and
antimicrobial ingredient, however, is not clearly known,
but may be linked to iodine toxicity (D. Nye 1998, Troy
Corporation, Newark, New Jersey, pers. com.). The
primary hydrolysis metabolite, propargyl butyl carbamate
(PBC), has no iodine and is approximately 1000 times less
toxic to fish and invertebrates than IPBC. Although iodine
is an essential element, it is considered toxic at higher
concentrations. Elemental iodine (I2) is corrosive to
exposed membranes and likely interferes with the
permeability of the cell membranes and denatures proteins
(Bowen, 1979; Santone and Prowis 1991).

The fate of IPBC in aquatic environments depends largely
on physicochemical processes, particularly hydrolysis,
rather than biotransformation processes. Microbial
degradation is insignificant, due to the antimicrobial
properties of IPBC (Schiefer 1990). EPL Bio-Analytical
Services Inc. (1990a) reported IPBC to be hydrolytically
stable at pH 5 with no signs of degradation, but at pH 7
the half-life was reported to be 139 d, and at pH 9,
0.947 d. Hydrolysis may be the main route of dissipation
in aquatic environments, despite the dependence on
alkalinity for catalyzation (USEPA 1997). Volatilization
is not likely a significant dissipation route (Agriculture
Canada et al. 1989), due to IPBC’s low vapour pressure
and its moderate solubility in water.

As IPBC is not known to be naturally occurring, all IPBC
in the environment is expected to be from anthropogenic
sources. Sources could include spills and other
unpermitted discharges, permitted discharges from
commercial facilities using the chemical, and discharges
from products treated with IPBC (Henderson 1992). A
sampling study initiated by the Fraser River Action Plan
(FRAP) was abandoned following repeated sampling
attempts at three separate mills using Kop-Coat NP-1,
because IPBC concentrations in effluent samples were too
low for accurate detection. The on-site dilution study
performed used samples spiked with Kop-Coat NP-1 to
determine dilution recoveries. IPBC recovery was
unaffected by dilution with river water; recoveries
reflected those anticipated by dilution calculations with
distilled water. Although IPBC may be present at the
effluent outfalls, dilution in sizable receiving waters
would cause rapid dissipation (Szenasy 1998). Soil and
water analysis near a leaking holding dike of a Kop-Coat
NP-1 spill found no detectable IPBC where levels were
expected to be 760 mg⋅L-1 (Koppers Company Inc. 1987).

I

Table 1. Water quality guidelines for IPBC for the protection
of aquatic life (Environment Canada 1998b).

Aquatic life Guideline value (µg⋅L-1)*

Freshwater 1.9*

Marine NRG†

*Interim guideline.
†
No recommended guideline.

Canadian Water Quality
Guidelines for the Protection
of Aquatic Life

IPBC
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for the Protection of Aquatic Life
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Water Quality Guideline Derivation

The interim Canadian water quality guideline for IPBC for
the protection of freshwater life was developed based on
the CCME protocol (CCME 1991). For more information,
see the supporting document (Environment Canada
1998b).

Freshwater Life

Acute toxicity data were found for six species of fish,
ranging from a 96-h LC50 of 0.067 mg a.i.⋅L-1 for rainbow
trout (Oncorhynchus mykiss) (Springborn Laboratories
1990) to a 96-h LC50 of 1.9 mg P-100⋅L-1 for coho salmon
embryos (O. kisutch) (Farrell et al. 1998). Chronic toxicity
data were found for only one fish species, the fathead
minnow (Pimephales promelas). Embryos were exposed
to technical grade IPBC in a flow-through system <24 h
post-fertilization and were observed for survival at hatch
(5 d) and for reduced larval weight and length at 35 d
(Springborn Laboratories Inc. 1992). The 5-d LOEC for
hatch survival was 0.057 mg⋅L-1 , while the 35-d LOEC for
reduced weight gain and growth (length) was
0.019 mg·L-1 .

The toxicity of IPBC to invertebrates is represented by
two species, Daphnia magna and Hyalella azteca, ranging
from a 48-h LC50 of 0.04 mg P-100·L-1 (Farrell et al.
1998) to a 24-h LC50 of 1.419 mg a.i.⋅L-1 (Inversek
Research International 1989), both for D. magna.

The only plant study located was an exposure of Chlorella
pyreniodosa in a static replacement system. IPBC was
algistatic at 0.5 mg⋅L-1 and algicidal at
1.0 mg⋅L-1 (United States Testing Company Inc. 1988).
This study, however, was ranked as unacceptable.

The lowest concentration causing a toxic effect was the
35-d LOEC of 0.019 mg a.i.⋅L-1 for fathead minnows
(Springborn Laboratories Inc. 1992). The guideline was
derived by multiplying this LOEC by a safety factor
of   0.1 (CCME 1991). This calculation results in an
interim water quality guideline for IPBC of 1.9 µg⋅L-1

(0.0019 mg⋅L-1) for the protection of freshwater life
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AICIS evaluation statement  
Subject of the evaluation 
Carbamic acid, butyl-, 3-iodo-2-propynyl ester (IPBC) 

Chemical in this evaluation 

Name CAS registry number 
Carbamic acid, butyl-, 3-iodo-2-propynyl 
ester 55406-53-6 

Reason for the evaluation 
Evaluation Selection Analysis indicated a potential environmental risk. 

Parameters of evaluation  
The chemical is listed on the Australian Inventory of Industrial Chemicals (the Inventory). This 
evaluation considers the environmental risks associated with the industrial use of 
3-iodo-2-propynyl butylcarbamate (IPBC). 

IPBC has been assessed for the risk to the environment according to the following parameters: 

• Default domestic introduction volumes of 100 tonnes (t) per annum 
• Industrial uses listed in the ‘Summary of Use’ section 
• Exposure to aquatic environments and soil via release to stormwater and sewage 

treatment plants (STPs) as a result of consumer and commercial uses. 
 

Summary of evaluation 

Summary of introduction, use and end use 

The chemical (IPBC) may be used as a fungicide and preservative in the following industrial 
products according to international use data: 

• Adhesive and sealant products 
• Apparel and footwear care products 
• Arts, crafts and hobby products 
• Lubricant and grease products  
• Personal care products - limited environmental release 
• Paint and coating products 
• Plastic and polymer products 
• Fabric, textile and leather products not covered by other end uses  
• Ink, toner and colourant products 
• Automotive care products 
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• Cleaning and furniture care products 
• Extractive products not covered by other end uses  
• Paper products 
• Personal care products not covered by other end uses. 

There is no information available on the volumes of IPBC in use in Australia. Data from 
international jurisdictions indicate that it is registered for industrial use in the European Union 
(EU) at 10–100 tonnes annually. Total use volume in the Nordic countries (Norway, Sweden, 
Finland, and Denmark) was 5–512 tonnes per year per country since 2001. IPBC is used in 
the USA at 20–46 t/year (2017–2020), in Canada at 0–1 t/year, and in Japan at 1–1 000 t/year. 

Environment 

Summary of environmental hazard characteristics 

According to domestic environmental hazard thresholds and based on the available data the 
chemical is: 

• Not Persistent (Not P) 
• Not Bioaccumulative (Not B) 
• Toxic (T). 

Environmental hazard classification 

The chemical (IPBC) satisfies the criteria for classification according to the Globally 
Harmonized System of Classification and Labelling of Chemicals (GHS) for environmental 
hazards as follows. This does not consider classification of physical hazards and health 
hazards: 

Environmental Hazard Hazard Category Hazard Statement 

Hazardous to the aquatic 
environment (acute / short-
term) 

Aquatic Acute 1 H400: Very toxic to aquatic 
life 

Hazardous to the aquatic 
environment (long-term) Aquatic Chronic 1 H410: Very toxic to aquatic 

life with long lasting effects 

Summary of environmental risk 

The chemical (IPBC) is a synthetic preservative and biocide. It is used as a preservative in a 
wide range of consumer and commercial products, including personal care products. It is also 
used as a film preservative in paints and coatings. 

The chemical is not persistent in the environment and has a low potential for bioaccumulation. 
It is very toxic to aquatic life across all trophic levels, and to terrestrial plants. However, at 
typical environmental concentrations, IPBC readily degrades into a less harmful substance in 
waters and soils. While IPBC poses a risk to aquatic ecosystems if emitted in high 
concentrations, the rapid degradation of the chemical and the resulting reduction in toxicity are 
expected to mitigate the risk to the environment. 
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Diffuse releases of IPBC occur to surface waters and soils both directly and indirectly. Direct 
releases occur through the leaching of treated building facades during rainfall events, while 
the use of some products containing IPBC, such as personal care products, results in indirect 
releases via STP. The environmental concentrations of IPBC in waters and soils from both 
diffuse pathways is expected to be below levels of concern. 

Point source releases of IPBC at high concentrations, such as the observed releases from 
paint manufacturers internationally, have the potential to cause adverse effects in the 
environment if released without treatment. However, as these releases are expected to occur 
below concentrations that may affect STP function, STP treatment is expected to reduce the 
concentrations of these IPBC releases to concentrations below levels of concern. 

Conclusions 
The conclusions of this evaluation are based on the information described in this statement.  

The Executive Director is satisfied that the identified environmental risks can be managed 
within existing risk management frameworks. This is provided that all requirements are met 
under environmental, workplace health and safety and poisons legislation as adopted by the 
relevant state or territory. 

Note: Obligations to report additional information about hazards under Section 100 of the 
Industrial Chemicals Act 2019 apply. 
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Supporting information 
Rationale 
This evaluation considers the environmental risks associated with the industrial uses of IPBC. 
This chemical is used as a fungicide and preservative (including film preservative), in personal 
care products, paints and coatings, textiles, paper, ink, and construction products.  

The evaluation selection analysis (ESA) of IPBC found that the industrial use of the 
substance may be of concern to the environment based on the high toxicity of the chemical 
to aquatic organisms and potential emissions to surface waters in the treated effluent 
discharged from sewage treatment plants (STP). This assessment will evaluate the potential 
for emissions of the chemical to the environment in Australia and whether risk reduction 
measures are required for industrial uses of this chemical. 

Chemical identity 
Chemical identity information for IPBC and its main expected environmental degradant, PBC 
(CAS RN 76114-73-3) are presented below. 

The chemical (IPBC) belongs to a large family of carbamate biocides. The target organisms 
of these biocides are dependent on the selection of N-substituent and O-substituent present 
on either side of the carbamate group, which has given rise to carbamate insecticides, 
herbicides, and fungicides.  

The mode of action of these pesticides is also variable. Carbamate insecticides are generally 
N-methyl carbamates that inhibit acetylcholinesterase (AChE). The N-substituent is typically 
an aromatic moiety in carbamate herbicides, or a benzimidazole moiety in carbamate 
fungicides such as carbendazim (CAS RN 10605-21-7) (Machemer and Pickel 1994). IPBC 
is a carbamate ester of 3-iodo-2-propynol, bearing a butyl substituent on the nitrogen atom, 
however, the toxic mode of action of IPBC is not well understood. It has been proposed that 
IPBC affects cell membrane permeability in fungi (FRAC 2022): 
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Chemical name  Carbamic acid, butyl-, 3-iodo-2-propynyl ester 

CAS No. 55406-53-6 

Synonyms 

3-iodo-2-propynyl butylcarbamate  
IPBC 
iodopropynyl butylcarbamate (INCI name) 
Iodocarb 
3-iodoprop-2-yn-1-yl butylcarbamate 
3-iodo-2-propynyl N-butylcarbamate 
carbamic acid, N-butyl-, 3-iodo-2-propyn-1-yl ester 

Structural formula 

 
Molecular formula C8H12INO2 

Molecular weight (g/mol) 281.09 

SMILES CCCCNC(=O)OCC#CI 

Related chemical 

The chemical (IPBC) degrades to carbamic acid, butyl-, 2-propynyl ester, or propargyl 
butylcarbamate (PBC), in the environment. As such, the physical and chemical properties, 
and the environmental fate and hazards of PBC are relevant to the environmental risk 
assessment of IPBC. The chemical identity and properties of PBC are detailed below: 

Chemical name  Carbamic acid, butyl-, 2-propynyl ester 

CAS No. 76114-73-3 

Synonyms propargyl butylcarbamate (PBC) 
prop-2-yn-1-yl butylcarbamate 
2-propynyl N-butylcarbamate 
butylcarbamic acid propargyl ester 

Structural formula 

 
Molecular formula C8H13NO2 

Molecular weight (g/mol) 155.19 

SMILES CCCCNC(=O)OCC#C 
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Relevant physical and chemical properties 
Measured physical and chemical properties for IPBC were obtained from the registration 
dossier for 3-iodo-2-propynyl butylcarbamate submitted under the Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH) legislation in the European Union 
(REACHa n.d.), and from the PubChem compound summary for 3-iodo-2-propynyl 
butylcarbamate (NCBI n.d.). Measured physical and chemical properties for PBC were 
obtained from the REACH dossiers for carbamic acid, N-butyl-, 2-propyn-1-yl ester (REACHb 
n.d.; REACHc n.d.). The Henry’s Law constants for both chemicals were calculated (calc.) 
from the experimental (exp.) values for water solubility and vapour pressure using EPISuite 
(US EPA 2017): 

Chemical IPBC PBC 

Physical form Solid Liquid 

Melting point 66°C (exp.) -2°C (exp.) 

Boiling point Decomposition before boiling 224°C (exp.) 

Vapour pressure 0.0038 Pa (20°C, exp.) 4.7 Pa (20°C, exp.) 

Water solubility 168 mg/L (20°C, exp.) 4900 mg/L (20°C, exp.) 

Henry’s law constant 6.36 x 10-3 Pa·m3/mol (20°C, 
calc.) 

0.148 Pa·m3/mol (20°C, 
calc.) 

Ionisable in the 
environment? No No 

pKa - - 

log Kow 2.81 (25°C, exp.) 1.9 (25°C, exp.) 

The chemical (IPBC) is an off white solid that melts at 66°C. It is moderately soluble in water. 
It has a low volatility from water and when in the solid form. 

Its degradation product (PBC) is a liquid at ambient temperature. It is moderately volatile, and 
readily soluble in water. 

Introduction and use 

Australia 

No specific Australian introduction volume information has been identified. 

The chemical has a reported use as a preservative in baby wipes (NICNAS 2013). 

The chemical has non-industrial uses in Australia. It is an approved active constituent in 
pesticides by the Australian Pesticides and Veterinary Medicines Authority (APVMA). Four 
IPBC-containing products are approved for use by the APVMA for the protection of freshly 
sawn timber from sapstain and mould, for the dressing of pruning wounds in fruit orchards, 
and for the prevention of fungal disease in grapevine (APVMA). 
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International 

Available information indicates that IPBC is an antifungal preservative (biocide) and film 
preservative added to many personal care products, paints and coatings, construction 
products, cleaning products, and other products worldwide (NCBI; Nordic Council of 
Ministers; REACHa; US NIEHS).  

The chemical (IPBC) is used as a preservative internationally in both leave-on and rinse-off 
cosmetic and personal care products. The typical IPBC concentration in these products 
ranges from 0.005 to 0.1%. IPBC is present in some products at concentrations 0.1–5%, with 
the majority below 0.5%. IPBC is also used in personal care products that are primarily 
disposed of to landfill (wipes, nail polish). 

The chemical (IPBC) is also used in cleaning and washing agents, including automotive care 
products, cleaning wipes, surface cleaners, and toilet cleaners. It is used in leather treatment 
products and shoe polish. 

The chemical is used as a preservative and film preservative in surface coatings, 
construction products, and arts, crafts, and hobby products. This use encompasses paints, 
primers, lacquers and varnishes, adhesives and binding agents, sealants and fillers, surface 
treatment products, corrosion inhibitors, lubricants and additives, and various materials used 
for construction. IPBC is used in these products at concentrations ranging from 0.1 to 15%, 
with the majority below 1%. 

The chemical is also used to preserve wood, cans, textiles, rubber, plastics, (metal) cutting 
fluids, oil recovery drilling mud/packer fluids, paper, and ink. It may be applied to heating, 
ventilation, and air conditioning (HVAC) ducts to prevent microbial growth. 

Data from international jurisdictions may include industrial and non-industrial uses of IPBC. 
IPBC is registered under REACH for use in the European Economic Area (EEA) at up to 100 
tonnes annually (REACHa n.d.). This registration volume does not include biocidal uses 
regulated under the Biocidal Products Regulation (BPR) (ECHAa). However, some of these 
uses, including uses in “Product Type 6” (Preservatives for products during storage) and 
"Product Type 13” (Working or cutting fluid preservatives), are categorised as industrial uses 
in Australia. IPBC has been used in the Nordic countries (Norway, Sweden, Finland, and 
Denmark) at 5–512 tonnes per year per country since 2001 (Nordic Council of Ministers 
n.d.). These volumes are total introduction volumes per country and include uses not 
registered under REACH. IPBC was used in the USA at 20–46 t/year between 2017 and 
2020, according to data extracted from the 2020 Toxics Release Inventory Factsheet for 
IPBC (US EPAa). IPBC is used in Canada at 0–1 t/year (OECD), and in Japan at 1–
1 000 t/year (NITE). 

Existing Australian regulatory controls  

Public 

The chemical is listed in the Poisons Standard, Standard for the Uniform Scheduling of 
Medicines and Poisons (SUSMP) (TGA 2022) as follows:  
 
Schedule 5 

‘3-IODO-2-PROPYNYL BUTYL CARBAMATE (Iodocarb) in preparations containing 10 per 
cent or less of 3-iodo-2-propynyl butyl carbamate except: 
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a)      in aqueous preparations not for cosmetic use containing 10 per cent or less 3-iodo-
2-propynyl butyl carbamate; or 

b)      in cosmetic preparations (other than aerosolised preparations) containing 0.1 per 
cent or less of 3-iodo-2-propynyl butyl carbamate.’ 

Schedule 6  

‘3-IODO-2-PROPYNYL BUTYL CARBAMATE (Iodocarb) except: 

a)      when included in Schedule 5; 
b)      in aqueous preparations not for cosmetic use containing 10 per cent or less of 3-

iodo-2-propynyl butyl carbamate (Iodocarb); or 

c)      in cosmetic preparations (other than aerosolised preparations) containing 0.1 per 
cent or less of 3-iodo-2-propynyl butyl carbamate.’ 

Environment 

The chemical IPBC is not subject to specific environmental regulatory controls.  

International regulatory status 

United Nations 

The chemical (IPBC) is not currently identified as a Persistent Organic Pollutant (POP) 
(UNEP 2001), ozone depleting substance (UNEP 1987), or hazardous substance for the 
purpose of international trade (UNEP & FAO 1998). 

Canada 

The Canadian Council of Ministers of the Environment has set an interim long term 
concentration threshold of 1.9 micrograms per litre (μg/L) for IPBC in the Water Quality 
Guidelines for the Protection of Aquatic Life (CCME). 

European Union 

The chemical (IPBC) is approved for use as a biocide under the EU Biocidal Products 
Regulation ((BPR, Regulation (EU) 528/2012)) for three product types: preservative for 
products during storage (PT06), wood preservatives (PT08), working or cutting fluid 
preservatives (PT13) (ECHAa). 

The chemical (IPBC) is being reviewed for use as a biocide under the EU Biocidal Products 
Regulation ((BPR, Regulation (EU) 528/2012)) for the following product types: film 
preservatives (PT07), fibre, leather, rubber, and polymerised materials preservatives (PT09), 
construction material preservatives (PT10) (ECHAa). 

Restrictions on the use of IPBC as a preservative in cosmetics are listed in the Cosmetic 
Products Regulation, Annex V. IPBC is not to be used in oral and lip products, body lotion 
and body cream, and products for children under 3 years of age (except in bath products / 
shower gels and shampoos). The IPBC concentration must not exceed 0.01% in leave-on 
products, 0.02% in rinse-off products, and 0.0075% in deodorants and anti-perspirants (EC). 
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Environmental exposure 
The chemical (IPBC) is a synthetic chemical and the occurrence of this substance in the 
environment stems exclusively from human activity. Industrial uses of IPBC are expected to 
result in both direct and indirect releases into surface waters and soils.  

The chemical is also used as a dry-film preservative in paints, coatings, and other 
construction materials. During this use, IPBC continuously leaches to the top layer of treated 
surfaces over time to provide long-term protection from microbial degradation. During rainfall 
events, IPBC is washed off treated building surfaces to become a component of building run-
off (Bollmann et al. 2014; Bollmann et al. 2017; Burkhardt et al. 2012). The building run-off 
containing this chemical is then discharged directly onto soil and into surface waters through 
the stormwater drainage systems. These sources may contribute to cumulative diffuse 
emissions of IPBC into the environment. 

Indirect source emissions of IPBC into the environment include “down the drain” disposal of 
IPBC-containing products. Some IPBC-containing products, such as personal care products, 
will be washed down drains during typical use, while some paint and adhesive residues may 
be improperly disposed of down drains. Products that are washed “down the drain” are 
expected to be treated in municipal STPs. 

Factories that manufacture or formulate products containing IPBC, such as those formulating 
paints, cutting fluids, and personal care products, may release IPBC in wastewater. These 
wastewaters will be also treated in industrial and municipal STPs.  

Once in STP, the removal of IPBC will occur depending on specific degradation and 
partitioning processes. IPBC that is not removed during these processes will be released to 
rivers or oceans in STP effluent. As some IPBC may adsorb to STP sludge, application of 
STP biosolids to land may be considered an exposure route for soil organisms (Struijs 1996).  

Non-industrial uses of IPBC are also expected to contribute to emission sources into the 
environment. IPBC-containing products are registered with the Australian Pesticides and 
Veterinary Medicines Authority (APVMA) for use as antifungal and anti-sapstain agent on 
freshly sawn timber, in fruit orchards, and in vineyards. Release from these sources will 
occur to soil, surface waters, and possibly groundwater. The extent of release from 
non-industrial sources cannot be accurately quantified. 

Environmental fate 

Partitioning  

The chemical (IPBC) is expected to partition to the water and soil compartments when 
released into the environment.  

The chemical (IPBC) is an organic chemical that is neutral in the environmental pH range 
(pH = 4–9), is moderately soluble in water, and has low volatility. The Henry’s Law constant 
of 6.36 x 10-3 Pa·m3/mol suggests that it will be very slightly volatile from water and moist 
soil. IPBC has moderate lipophilicity with a log KOW value of 2.81. Reported organic carbon 
adsorption coefficients (KOC) of 61–309 L/kg, depending on the type of soil, indicate it will 
have medium to high mobility in soil. IPBC adsorption does not appear to be highly 
correlated with soil organic matter content, clay content or cation exchange capacity, 
although differences in relative adsorption between soils may be related to differences in the 
extent of test item degradation (ECHAb; REACHa). In a monitoring study of biocides in 



 

Evaluation statement [EVA00112] 22 December 2022 Page 13  

 

surface waters, a significant proportion of the detected IPBC was found in suspended 
particulate (i.e., attached to particles in the water) rather than in the dissolved state (Paijens 
et al. 2020; Paijens et al. 2021). 

Calculations with a standard multimedia partitioning (fugacity) model assuming equal and 
continuous distributions to the water and soil compartments (Level III output), predict that 
IPBC will mostly partition to water (65.3–66.1%, depending on KOC), some will remain in soil 
(33.8–34.6%), and negligible quantities will partition to sediment (<0.1%). Following release 
to surface waters in STP effluent, calculations with a fugacity model with sole release to the 
water compartment predict that IPBC will mostly remain in water (99.9%), and very small 
quantities will partition to sediment (0.1%) (US EPA 2017). 

IPBC is expected to degrade into propargyl butylcarbamate (PBC) and iodine species in the 
environment through abiotic and microbial processes. Fugacity modelling suggests that the 
partitioning of the PBC degradant between the environmental compartments will be similar to 
the partitioning of IPBC. 

Degradation 

The chemical IPBC is expected to undergo rapid primary degradation at environmentally 
relevant concentrations in water/sediment systems, and in soil. The primary degradation 
product, PBC, is expected to undergo further degradation. 

Biodegradation studies on IPBC and PBC have been hindered by the toxicity of the 
chemicals to micro-organisms (Carbajo et al. 2015; REACHa). Degradation of IPBC and 
PBC in ready biodegradability screening tests in water, following OECD Test Guidelines (TG) 
301 B and 301 F for IPBC, and OECD TG 301 F for PBC, reached 0 to 5% after 28 days. It is 
likely that the high concentrations of test materials (15–100 mg/L) in these tests had an 
inhibitory effect on the biosolids (REACHa; REACHb). 

Degradation studies performed at environmentally relevant concentrations indicate the 
chemical is unlikely to persist in the environment. An inherent biodegradability test (OECD 
TG 302 B, modified Zahn-Wellens/EMPA Test) showed that IPBC degrades rapidly into 
propargyl butylcarbamate (PBC) in water. The biodegradation process was monitored by 
specific analysis of IPBC and the degradation product PBC in the aqueous phase and in the 
biosolids, rather than Dissolved Organic Carbon (DOC) removal. The ratio of inoculum to test 
material was higher than recommended in the guidelines to avoid a toxic effect of IPBC on 
the biosolids at higher concentrations, with an initial IPBC concentration of 1 mg/L. In the 
aqueous phase, the IPBC concentration decreased to 0.9–1.5% of the nominal value within 
two hours of incubation. In these samples, 85–89% of the maximum theoretical amount of 
the degradation product PBC were detected. The concentration of PBC in the water phase 
continuously decreased during the test period and was below the limit of quantification (LOQ) 
of 0.01 mg/L after 21 days of incubation. No significant amounts of IPBC or PBC were found 
in the biosolids (REACHa). 

Another laboratory study was performed to investigate the biodegradation of IPBC in 
anaerobic conditions in a water/sediment system. IPBC underwent rapid primary degradation 
with a half-life of 1.5 hours. The major identified degradation product was PBC, which also 
degraded with a half-life of 11.5 days (REACHa). 

Both IPBC and PBC degrade rapidly in soil at 22°C. A laboratory study was performed to 
investigate the aerobic soil metabolism of IPBC at temperatures of 22°C and 5°C. The initial 
IPBC concentration was 1 mg/kg of soil. IPBC rapidly degraded in soil at 22°C with a half-life 
of 2.13 hours. The primary soil metabolite was propargyl butyl carbamate (PBC). PBC further 



 

Evaluation statement [EVA00112] 22 December 2022 Page 14  

 

degraded in soil at 22°C with a half-life of 4.30 days. IPBC degradation was slowed at 5°C, 
resulting in a soil half-life of 8.60 hours. The rate of PBC degradation decreased to a greater 
extent than that of IPBC as temperature decreased from 22 to 5°C. Fourteen days after 
treatment, greater than 60% of the applied 14C had been mineralized to 14CO2 at 22°C 
whereas less than 5% had been mineralized at 5°C. IPBC and PBC degradation in soil is 
expected to be primarily microbially mediated but nonbiological processes may be involved 
(Juergensen et al. 2000; REACHa). 

In another study performed according to OECD TG 217, with an initial IPBC concentration of 
10 mg/kg soil, IPBC degraded rapidly in soil with a half-life of 1.05 days. However, the fast 
degradation in the beginning of the two-phase degradation kinetics was followed by a phase 
with a nearly constant residual IPBC concentration of 0.013 mg/kg soil (Bollmann et al. 
2017). 

Samples from soils impacted by IPBC spills of 700–2000 mg/L had undetectable quantities of 
IPBC (Detection limit 10 mg/L) 28 days following the incident, further supporting the rapid 
degradation of IPBC in soil (Juergensen et al. 2000). 

The chemical (IPBC) was found to be hydrolytically stable in sterile aqueous solutions at 
ambient temperatures at pH 5 and 7 (ECHAb; REACHa). Conflicting observations were 
made for IPBC hydrolysis at pH 9: while a short half-life <1 day was measured in one study 
(REACHa), others reported long half-lives >200 days at this pH (ECHAb). 

The chemical (IPBC) may undergo phototransformation in the solid state but appears to be 
stable to irradiation in water. No phototransformation was observed in sterilised aqueous 
buffer solution at pH 7 and natural pond water at pH 8.5 within 3 days of continuous 
irradiation (ECHAb). The decomposition rate of IPBC in wood slices dipped in an IPBC 
solution reached 25 to 60% after 25 to 50 days of irradiation (ECHAb ; Lee et al. 1991). A 
comparative study of the photodegradation of four organoiodine wood preservatives in 
ethanol solution and impregnated into wood showed that IPBC was the most stable to 
irradiation (Lee et al. 1991). 

Both IPBC and PBC are rapidly degraded in the atmosphere by reactions with 
photogenerated hydroxyl radicals. Atmospheric oxidation modelling indicates that both 
chemicals have half-lives of approximately 5 hours (US EPA 2017). 

Bioaccumulation 

The chemical (IPBC) is not expected to bioaccumulate in organisms. 

The measured log KOW for IPBC is below the domestic threshold for bioaccumulation 
potential. A bioconcentration factor (BCF) of < 4.5 L/kg in fish has been reported for this 
chemical (Juergensen et al. 2000), which indicates a low potential to bioaccumulate. The 
calculated biotransformation half-life of IPBC normalised to 10 g fish is 23 minutes (US EPA 
2017). 

Environmental transport 

The chemical (IPBC) is unlikely to undergo long-range environmental transport.  

The chemical (IPBC) is not persistent in the aquatic environment or in soil and is therefore 
not expected to undergo long-range transport in water or contaminate groundwaters. 



 

Evaluation statement [EVA00112] 22 December 2022 Page 15  

 

The chemical (IPBC) has a short calculated atmospheric half-life (5 hours), which limits the 
potential to undergo long-range transport through the atmosphere in the vapour phase. A 
calculated logarithmic octanol-air coefficient (log KOA) of 9.25 (US EPA 2017) indicates a 
potential for IPBC to be transported on aerial particles. IPBC was detected in the gas phase 
in Arctic air samples at a Norwegian background station. However, local contamination 
sources from the use of the chemical as a wood preservative and uses in cosmetics and 
personal care products could not be excluded (Röhler et al. 2020; Röhler et al. 2021). 

Predicted environmental concentration (PEC) 

The estimated environmental concentration of IPBC in inland surface waters is 0.38 
micrograms per litre (µg/L), and the PEC in STP influent waters is 150 µg/L, based on 
international monitoring data. The PEC in soils amended with STP biosolids is 0.11 mg/kg 
soil dry weight (dw), based on default assumptions on use volumes and release. 

No domestic environmental monitoring data were identified. Standard exposure modelling 
assuming a default introduction volume of 100 tonnes per year, 100% release to sewers, and 
68% mitigation within STPs, gives calculated IPBC concentrations of 18 µg/L in STP 
effluents (Struijs 1996). 

However, modelled data appear to be an overestimate based on international STP effluent 
monitoring data. IPBC has been detected in surface waters, including STP influents and 
effluents, in several studies conducted in Sweden, France, Switzerland, the Netherlands, and 
the USA (Guardian et al. 2021; Morasch et al. 2010; NORMAN ; Norstöm 2009; Paijens et al. 
2021). While the concentration of IPBC was frequently below the limit of detection, IPBC was 
detected in surface waters on at least one occasion in each of these studies, at 
concentrations up to 0.38 µg/L in an STP effluent in Switzerland (Morasch et al. 2010).  

The chemical (IPBC) was detected at high concentrations in the influent water to the 
treatment plants at two paint industries in Sweden (150 and 32 μg/L). The effluent waters 
from these companies also contained IPBC but at much lower levels, respectively 0.032 and 
0.22 μg/L, indicating removal efficiencies of >99% within STPs. The presence of IPBC was 
monitored at another potential point source, a landfill. IPBC was present at a concentration of 
35 nanograms per litre (ng/L) in the landfill leachate prior to treatment but the concentration 
was below the limit of detection of 10 ng/L after biological treatment (Norstöm 2009). 

The chemical has been detected in stormwater runoff sourced from façade leachate from 
buildings during rain events. IPBC was present in two out of eight sampled rain events 
(Paijens et al. 2021). IPBC was detected at total concentrations of 3.6–24 ng/L (dissolved 
state and particles) in an underground stormwater storage pond in Paris (Paijens et al. 
2020). 

As the measured STP effluent concentration of 0.38 µg/L (Morasch et al. 2010) is the highest 
measured value of IPBC in STP effluents, surface waters, or stormwater/leachates, it is 
taken as the worst-case PEC for surface waters. The highest IPBC concentration in an STP 
influent (150 μg/L) (Norstöm 2009) is used as the PEC for wastewaters entering STPs. 

Very limited monitoring data in soil are available. In one study, façade leachates and soil 
samples from the bottom of the façades of 17 recently built or renovated houses in Denmark 
were analysed for biocides. IPBC was detected in the façade leachates of some houses, but 
was below the detection limit of 0.9 μg/kg soil in all soil samples (Bollmann et al. 2017).  

The calculated PEC in soil amended with biosolids is 0.11 mg/kg soil dw at the time of 
application, based on an influent concentration of 56 µg/L (calculated assuming a default 
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introduction volume of 100 t/year and 100% release to sewer), 3% partitioning of IPBC to 
biosolids in STPs, typical biosolids application rates and a soil bulk density of 1 500 
kilograms per cubic metre (kg/m3) (EPHC 2009; Struijs 1996). The concentration of IPBC in 
soil is expected to drop rapidly after application based on half-lives of 2–9 hours in soil at         
5–22°C (REACHa). 

Environmental effects 
The chemical (IPBC) causes long lasting toxic effects at low concentrations in aquatic 
organisms across multiple trophic levels. IPBC is also toxic to some terrestrial organisms, 
particularly plants. 

Effects on Aquatic Life 

Acute toxicity 

Acute toxicity data are available for 15 species of freshwater, marine, and euryhaline aquatic 
organisms, including fish, invertebrates, and algae (Adam et al. 2009; Coors et al. 2012; 
Coors et al. 2014; Farrell et al. 1998; REACHa; US EPAb). The following are the most 
sensitive acute median lethal concentrations (LC50) for fish and invertebrates and median 
effect concentrations (EC50) on growth rate for algae measured after standard exposure 
times (96 h for fish, 48 h for invertebrates, 72 h for algae), retrieved from the REACH dossier 
for IPBC (REACHa) and from the literature (Farrell et al. 1998). Relevant endpoints (EC50 
and the concentration at which 10% inhibition is observed, EC10) for the toxicity of IPBC to 
aquatic micro-organisms are also reported in the table (Carbajo et al. 2015; REACHa): 
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Taxon Endpoint Method 

Fish 96h LC50 = 67 µg/L 

Oncorhynchus mykiss 
(rainbow trout) mortality 
Flow-through conditions 
EPA OPP 72-1 

Invertebrate 48h LC50 = 40 µg/L 

Daphnia magna (water flea) 
mortality 
Semi-static conditions 
Nominal concentrations 
(within 30% of the measured 
concentrations) 
EPA Guidelines 

Algae 72h EC50 = 53 µg/L 

Desmodesmus subspicatus 
(green algae) growth rate 
Static conditions 
OECD TG 201 

Aquatic micro-organisms 24h EC50 = 119 µg/L 

Tetrahymena thermophila 
(ciliate) biomass 
Standard Operational 
Procedure Guideline of 
Protoxkit FTM 

STP microflora 
3h EC50 = 26 mg/L 
3h EC10 = 6 mg/L 

STP biosolids 
Respiration inhibition 
OECD TG 209 

The chemical (IPBC) is very toxic to all aquatic organisms. All acute LC50 values for fish are 
below 1 mg/L. The endpoints for freshwater fish range from 67 µg/L for rainbow trout 
(Oncorhynchus mykiss) to 0.43 mg/L for zebra fish (Danio rerio). For marine and euryhaline 
fish, LC50 endpoints of 0.37 mg/L for starry flounder (Platichthys stellatus) and 0.41 mg/L for 
sheepshead minnow (Cyprinodon variegatus) have been measured (REACHa). IPBC affects 
fish behaviour and physiology at sub-lethal concentrations. Detrimental effects on the 
olfactory response of coho salmon (Oncorhynchus kisutch) were observed at concentrations 
as low as 1.3 µg/L (electro-olfactogram amplitude EC50) (Jarrard et al. 2004). 

A greater variation in the toxicity of IPBC to invertebrates is observed, with endpoints ranging 
from 0.023 to 2.9 mg/L. A mobility EC50 of 23 µg/L was measured for the American oyster 
(Crassostrea virginica), although after a longer exposure time (96 h instead of the standard 
48 h exposure for invertebrates) (US EPAb). For freshwater invertebrates, the lowest 
measured endpoint is an LC50 of 40 µg/L for Daphnia magna (Farrell et al. 1998), although a 
range of toxicities were observed in different studies for this species. The least sensitive 
invertebrate species studied is the opossum shrimp Neomysis mercedis with a 48 h LC50 of 
2.9 mg/L (Farrell et al. 1998), although a lower 96 h LC50 of 0.090 mg/L was measured for 
another species of opossum shrimp, Americamysis bahia (US EPAb). 

The acute toxicity of IPBC to two species of freshwater algae, Desmodesmus subspicatus 
(growth rate EC50 of 53 µg/L) (REACHa), and Raphidocelis subcapitata (biomass EC50 of 
39 µg/L) (Coors et al. 2014), are in the same range. 

The chemical (IPBC) is moderately to highly toxic to aquatic microorganism species found in 
STPs. The most sensitive species tested is the ciliate Tetrahymena thermophila, with an 
EC50 (growth) of 119 µg/L after 24 h IPBC exposure. The EC50 for bioluminescence 
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inhibition of the bacterium Vibrio fischeri after 30 min IPBC exposure is 3.9 mg/L (Carbajo et 
al. 2015). Ecotoxicity endpoints for the inhibition of total respiration of biosolids from STPs 
after 3 h IPBC exposure are EC50 values of 26–44 mg/L, and an EC10 of 6 mg/L (Carbajo et 
al. 2015; REACHa). 

The primary degradation product of IPBC is PBC. Based on the available ecotoxicity data, 
PBC is not expected to contribute significantly to the observed toxicity of IPBC. Measured 
ecotoxicity endpoints across the three trophic levels for the PBC degradant suggest that it is 
at least 1 000 times less acutely toxic to aquatic life than IPBC. The following are the most 
sensitive acute median lethal concentration (LC50) for fish, and median effect concentrations 
(EC50) on mobility for invertebrates and growth rate for algae, measured after 96 h exposure 
for fish and algae and 48 h for invertebrates, retrieved from the REACH dossiers for PBC 
and the Biocidal Assessment Report for the use of IPBC in product-type 8 (ECHAb; 
REACHb; REACHc; REACHd): 

Taxon Endpoint Method 

Fish 96h LC50 = 85 mg/L (PBC) 

Oncorhynchus mykiss 
(rainbow trout) mortality 
Flow-through conditions 
US EPA FIFRA 72-1 

Invertebrate 48h EC50 = 54 mg/L (PBC) 

Daphnia magna (water 
flea) mobility 
Static conditions 
OECD TG 202 

Algae 96h EC50 > 100 mg/L (PBC) 

Raphidocelis subcapitata 
(green algae) growth rate 
Static conditions 
Nominal concentrations 
OECD TG 201 

 

Chronic toxicity 

The following measured no-observed-effect concentrations (NOEC) for model organisms 
across three trophic levels were obtained from the REACH dossier for IPBC and the US EPA 
ECOTOX database (REACHa ; US EPAb): 
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Taxon Endpoint Method 

Fish 35d NOEC = 8.4 µg/L  

Pimephales promelas 
(fathead minnow) larval 
length and weight 
Flowthrough conditions 
EPA OPP 72-4 

Invertebrates 21d NOEC = 50 µg/L 

Daphnia magna (water 
flea) mortality 
Flowthrough conditions 
Nominal concentrations 
OECD TG 202 

Algae 72h NOEC = 4.6 µg/L 

Desmodesmus 
subspicatus (green 
algae) growth rate 
Static conditions 
Mean measured 
OECD TG 201 

Chronic effects are observed at very low IPBC concentrations, particularly for fish and algae. 
Fathead minnow larvae exposed to IPBC for 35 days following egg fertilisation have 
significantly reduced weights and lengths at concentrations ≥ 19 µg/L (lowest observed effect 
concentration, LOEC) (REACHa). The growth rate of Desmodesmus subspicatus is affected 
by IPBC at concentrations ≥ 10 µg/L (LOEC) (REACHa). 

Effects on terrestrial Life 

The following measured endpoints were obtained from the REACH dossier for IPBC, the 
European Commission’s Biocidal Assessment Report for the use of IPBC in product-type 8 
(PT8, wood preservatives), the US EPA ECOTOX database, and the literature (ECHAa ; 
Guimarães et al. 2018; REACHa; US EPAb): 
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Taxon Endpoint Method 

Terrestrial plants 
21d EC50 = 4.9 mg/kg soil dry 
weight (dw)  
21d LOEC = 1.3 mg/kg soil dw 

Avena sativa (oat) fresh 
weight 
Nominal concentrations 
OECD TG 208 

Annelids 
14d LC50 > 1 000 mg/kg soil dw 
14d NOEC = 1 000 mg/kg soil dw 

Eisenia fetida 
(earthworm) mortality 
OECD TG 207 

Arthropods 
28d EC10 = 16 mg/kg soil dw 
28d LC10 = 12 mg/kg soil dw 

Folsomia candida 
(springtail) reproduction 
(EC10) and mortality 
(LC10) 
OECD TG 232 

Birds 

8d LC50 > 5620 ppm in diet 
14d LD50 = 749 mg/kg organism 
(org) 
21d NOEL = 292 mg/kg org 

Colinus virginianus 
(northern bobwhite quail) 
mortality 

Soil micro-organisms 28d EC50 = 312 mg/kg soil dw 

Soil microflora inhibition 
of total respiration 
Nominal concentrations 
OECD TG 217 

The chemical is highly toxic to terrestrial plants, harmful to springtails, and slightly 
toxic/practically nontoxic to earthworms and birds. 

Endocrine effects/activity 

The chemical does not appear to cause adverse effects mediated by an endocrine mode of 
action, however, the endocrine disruption potential of IPBC is currently under assessment by 
ECHA (REACHa). 

In a study incorporating data from in vitro assays, chemical descriptors, and biological 
pathways to establish toxicity profiles of human endocrine activity for 309 chemicals, IPBC 
showed a low to moderate potential endocrine activity in some nuclear receptor binding 
assays (glucocorticoid receptor, peroxisome proliferator-activated receptor, or pregnane X 
receptor) and assays on xenobiotic-metabolizing enzymes activity (including cytochrome 
P450s, aromatase). IPBC showed no significant activity in estrogen receptor, thyroid 
receptor, or androgen receptor binding assays (Reif et al. 2010). 

No evidence of endocrine activity in other organisms was identified. Studies on 
carcinogenicity and toxicity to reproduction in mice and rats did not show any significant 
effects of IPBC (REACHa). 

Predicted no-effect concentration (PNEC) 

The PNEC for aquatic organisms in this evaluation is 0.46 µg/L. The algal 72 hours NOEC 
value of 4.6 µg/L was used to derive the PNEC for this chemical. An assessment factor of 10 
was used as there are sufficient reliable acute and chronic aquatic toxicity data available for 
three trophic levels. 
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Based on the most sensitive aquatic micro-organisms tested, the ciliate Tetrahymena 
thermophila with a 24 h biomass EC50 of 0.119 mg/L, and an assessment factor of 10, the 
PNEC for micro-organisms is 11.9 µg/L (EPHC 2009). However, a more representative 
PNEC for the microflora in STPs is obtained by considering the ecotoxicity endpoints for 
biosolids (EC10 = 6 mg/L), and an assessment factor of 10, leading to a PNEC for STP 
micro-organisms of 0.6 mg/L. 

A PNEC of 98 µg/kg for soil was derived from the lowest measured endpoint for terrestrial 
organisms (EC50 = 4.9 mg/kg dry soil for oat), using an assessment factor of 50, as 
long-term toxicity tests of two trophic levels (springtail and soil micro-organisms) are 
available in addition to short-term ecotoxicity data across multiple trophic levels of terrestrial 
life (EPHC 2009). 

Categorisation of environmental hazard 
The categorisation of the environmental hazards of the assessed chemical according to 
domestic environmental hazard thresholds is presented below: 

Persistence 

Not Persistent (Not P). Based on measured half-lives in water and soil, IPBC is categorised 
as Not Persistent. 

Bioaccumulation 

Not Bioaccumulative (Not B). Based on measured log KOW and BCF values below domestic 
thresholds, IPBC is categorised as Not Bioaccumulative. 

Toxicity 

Toxic (T). Based on available ecotoxicity values below 1 mg/L and evidence of high chronic 
toxicity to aquatic organisms, IPBC is categorised as Toxic. 

Environmental risk characterisation 
The chemical (IPBC) is very toxic to aquatic organisms, including aquatic primary producers 
such as algae. This toxicity is necessary for the functional use of the substance as 
preservative and industrial biocide, which involves controlling the growth of unicellular 
organisms such as bacteria, fungi, and algae. These industrial uses also have the potential 
to release these biocides directly or indirectly to the aquatic environment, which is of 
potential concern.  

Based on the PEC and PNEC values determined above, the following Risk Quotients 
(RQ = PEC ÷ PNEC) have been calculated for release of IPBC into surface waters, STPs, 
and soil: 



 

Evaluation statement [EVA00112] 22 December 2022 Page 22  

 

Compartment  PEC PNEC RQ 

Surface water  0.38 µg/L 0.46 µg/L 0.83 

STP micro-organisms 0.15 mg/L 0.6 mg/L 0.25 

Soil (application of 
biosolids) 0.11 mg/kg 0.098 mg/kg 1.1 

Calculated RQ values below 1 for surface waters and STP micro-organisms indicate that 
IPBC is not expected to pose a high risk to the environment based on estimated emissions, 
as environmental concentrations are below levels likely to cause harmful effects. 

The chemical (IPBC) may be released to STPs as a result of the use as a preservative in 
consumer products. High STP influent values have also been measured at international 
STPs receiving industrial liquid waste, mainly from paint manufacturers. However, these 
influent concentrations have been observed below concentrations that may affect STP micro-
organisms. High removal rates within STPs substantially reduce concentrations of IPBC in 
effluents and mitigate the risk to aquatic life. 

The chemical (IPBC) is also released to the environmental waters and soil from the leachate 
of painted surfaces during rainfall events. Based on the measured concentrations of IPBC in 
stormwater and in affected soils, this release scenario is unlikely to pose an unreasonable 
risk to the environment. Additionally, IPBC degrades rapidly in the aquatic environment to 
form the less toxic chemical PBC, which will further reduce the risk of emissions to the 
environment. 

The use of biosolids on agricultural land may pose a risk to soil organisms based on an RQ 
of 1.1. However, this RQ is based on an IPBC concentration in biosolids calculated using a 
default introduction volume of 100 tonnes per year with 100% release to sewer. This is 
expected to be a conservative upper estimate of the actual amount of IPBC reaching and 
partitioning to biosolids in STPs. Considering the short half-life of the chemical in soil and 
intermittent application of biosolids to soil, this pathway is unlikely to pose adverse effects to 
the environment despite the high toxicity of the chemical to terrestrial plants. 

Uncertainty 

This evaluation was conducted based on a set of information that may be incomplete or 
limited in scope. Some relatively common data limitations can be addressed through use of 
conservative assumptions (OECD 2019) or quantitative adjustments such as assessment 
factors (OECD 1995). Others must be addressed qualitatively, or on a case by case basis 
(OECD 2019).  

The most consequential areas of uncertainty for this evaluation are: 

• Monitoring studies that measure the concentrations of IPBC in Australian influents, 
effluents, and surface waters are not available. Additionally, studies investigating the 
leaching of IPBC from painted surfaces have been performed in Europe, with 
European weather and European paint formulations. Australian weather and paint 
formulated for use in Australia may differ to these European conditions. However, no 
information is available that suggests that use of international data is unsuitable for 
the purposes of this evaluation. 
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• The chemical (IPBC) has non-industrial uses as an antifungal agent for timber 
treatment, both in Australia and internationally. Consequently, the environmental 
monitoring data for IPBC may include releases from non-industrial sources. However, 
as the total IPBC concentrations are expected to be below levels of concern, further 
investigation into contributions from non-industrial uses are not currently needed. 
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1. STATEMENT OF SUBJECT MATTER AND PURPOSE 

1.1. Principle of evaluation 

This assessment report has been established as a result of the evaluation of IPBC as product-
type 6 (In-can preservative), carried out in the context of the work programme for the review 
of existing active substances provided for in Article 16(2) of Directive 98/8/EC concerning 
the placing of biocidal products on the market1, with the original view to the possible 
inclusion of this substance into Annex I or IA to that Directive.  

The evaluation has therefore been conducted in the view to determine whether it may be 
expected, in light of the common principles laid down in Annex VI to Directive 98/8/EC, that 
there are products in product-type 6 containing IPBC that will fulfil the requirements laid 
down in Article 5(1) b), c) and d) of that Directive.  

 

1.2. Purpose of the assessment  

The aim of the assessment report is to support a decision on the approval of IPBC for product-
type 6, and should it be approved, to facilitate the authorisation of individual biocidal 
products in product-type 6 that contain IPBC. In the evaluation of applications for product-
authorisation, the provisions of Regulation (EU) No 528/2012 shall be applied, in particular 
the provisions of Chapter IV, as well as the common principles laid down in Annex VI. 

The conclusions of this report were reached within the framework of the uses that were 
proposed and supported by the applicant (see Appendix II). Extension of the use pattern 
beyond those described will require an evaluation at product authorisation level in order to 
establish whether the proposed extensions of use will satisfy the requirements of Regulation 
(EU) No 528/2012. 

For the implementation of the common principles of Annex VI, the content and conclusions 
of this assessment report shall be taken into account.  

However, where conclusions of this assessment report are based on data protected under the 
provisions of Regulation (EU) No 528/2012, such conclusions may not be used to the benefit 
of another applicant, unless access to these data has been granted. 

 

1.3. Procedure followed 

This assessment report has been established as a result of the evaluation of IPBC as product-
type 6 (In-can preservative), carried out in the context of the work programme for the review 
of existing active substances provided for in Article 16(2) of Directive 98/8/EC concerning 
the placing of biocidal products on the market.  
                                                 

1 Directive 98/8/EC of the European Parliament and of the Council of 16 February 1998 concerning the placing 
biocidal products on the market. OJ L 123, 24.4.98, p.1 
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IPBC (CAS no. 55406-53-6) was notified as an existing active substance, by members of the 
European Union IPBC Task Force (Arch Chemicals, Dow Benelux B.V., ISP Switzerland 
GmbH, Lanxess Deutschland GmbH, Troy Corp), hereafter referred to as the applicant, in 
product-type PT6. ISP Switzerland AG changed the legal entity to ISP Switzerland GmbH.  

Commission Regulation (EC) No 1451/2007 of 4 December 20072  lays down the detailed 
rules for the evaluation of dossiers and for the decision-making process in order to include or 
not an existing active substance into Annex I or IA to the Directive. 

In accordance with the provisions of Article 7(1) of that Regulation, Denmark was designated 
as Rapporteur Member State to carry out the assessment on the basis of the dossier submitted 
by the applicant. The deadline for submission of a complete dossier for IPBC as an active 
substance in Product Type 6 was 31 July 2007, in accordance with Article 9 (c) of Regulation 
(EC) No 1451/2007. 

On 31 July 2007, DK competent authorities received a dossier from the applicant. The 
Rapporteur Member State accepted the dossier as complete for the purpose of the evaluation 
on 29 January 2008. 

On 27 June 2011, the Rapporteur Member State submitted, in accordance with the provisions 
of Article 14(4) and (6) of Regulation (EC) No 1451/2007, to the Commission and the 
applicant a copy of the evaluation report, hereafter referred to as the competent authority 
report. The Commission made the report available to all Member States by electronic means 
on 29 June 2011. The competent authority report included a recommendation for the inclusion 
of IPBC in Annex I to the Directive for product-type PT6.  

In accordance with Article 16 of Regulation (EC) No 1451/2007, the Commission made the 
competent authority report publicly available by electronic means on 1 July 2011. This report 
did not include such information that was to be treated as confidential in accordance with 
Article 19 of Directive 98/8/EC. 

In order to review the competent authority report and the comments received on it, 
consultations of technical experts from all Member States (peer review) were organised by the 
Commission. Revisions agreed upon were presented at technical and competent authority 
meetings and the competent authority report was amended accordingly.  

In accordance with Article 15(4) of Regulation (EC) No 1451/2007, the present assessment 
report contains the conclusions of the Standing Committee on Biocidal Products, as finalised 
during its meeting held on 27 September 2013. 

.

                                                 

2 Commission Regulation (EC) No 1451/2007 of 4 December 2007 on the second phase of the 10-year work 
programme referred to in Article 16(2) of Directive 98/8/EC of the European Parliament and of the Council 
concerning the placing of biocidal products on the market. OJ L 325, 11.12.2007, p. 3 
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2. OVERALL SUMMARY AND CONCLUSIONS 

2.1. Presentation of the Active Substance  

2.1.1. Identity, Physical-Chemical Properties  & Methods of Analysis 

Identity 

IPBC, CAS No. 55406-53-6, is a fungicide produced and/or supplied by Arch Chemicals, 
Dow Benelux B.V., ISP Switzerland GmbH, Lanxess Deutschland GmbH, Troy Corp. at/from 
sites in and out of Europe. Analysis of five technical grade batches which are representative 
of the current manufacturing process demonstrated a mean purity of  98% w/w in 
compliance with European Union IPBC Task Force (Arch Chemicals, Dow Benelux B.V., 
ISP Switzerland GmbH, Lanxess Deutschland GmbH, Troy Corp.) specifications. All 
impurities above the level of 1 g/kg have been fully identified and the corresponding methods 
of analysis have been developed. The main identification characteristics were given in a 
confidential document. The active substance must be technically equivalent to the 
specifications given. None of the manufacturing impurities are considered to be of potential 
concern.  

Physical and chemical properties 

IPBC technical is a yellowish crystalline powder with a faint odour of iodine and a melting 
point of 65.8 – 66.5°C. Its relative density is 1.71 at 20°C. 

The vapour pressure is found to be 2.36-4.5 x 10-3 Pa at 25°C. The water solubility of IPBC 
technical is 0.168 g/L (pH 7) at 20°C. 

IPBC is very soluble in methanol (>1000 g/L) and other organic solvents. Its octanol/water 
partition coefficient (log POW) is 2.81 at 25°C.  

The substance is stable at room temperature and is stable at 54°C for 14 days.  IPBC is not 
highly flammable. It has no pyrophoric property and it does not undergo spontaneous 
combustion. IPBC is not explosive. 

The recommended container material for IPBC is protected steel drums.  

Methods of analysis 

The identification and quantification of IPBC as manufactured is performed using HPLC-UV 
and GC-FID. Methods of analysis for residues are HPLC-MS/MS.  

The methods developed to analyse residues in soil, water, body fluids and tissues with the 
respective limits of quantification of 10 µg/kg of soil, 0.1 µg/L of water, 0.05 mg/L of body 
fluids and 0.1 mg/L of tissues.  

Residues in air were not necessary because IPBC is not volatile and spray applications only 
involve non-respirable particles.  

An analytical method for the determination of residues of IPBC in/on food or feedstuffs is not 
required because the active substance is not used in a manner that may cause direct contact 
with food or feedstuffs. The use of IPBC as an in-can preservative result to a low 
concentration of IPBC in the end-product (0.01-1%). Therefore, the amount of IPBC 
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transferred to food or feeding stuff from material treated with the end-product is considered to 
be negligible.   

 

2.1.2. Intended Uses and Efficacy 

The assessment of the biocidal activity of the active substance IPBC demonstrates that it has a 
sufficient level of efficacy against fungi and yeast and the evaluation of the summary data 
provided in support of the efficacy of the accompanying product, establishes that IPBC-based 
in-can preservative products may be expected to be efficacious. The biocidal products 
produced by the TF members for in-can preservation have typical concentrations in the range 
of 10 to 30% IPBC. In end-use products, IPBC is contained at concentrations ranging from 
0.01 to 1%. 

The intended uses of the substance, as identified during the evaluation process, are listed in 
Appendix II. 

The risk of resistance formation against carbamate fungicides is regarded to be low to 
medium by FRAC (Fungicide Resistance Action Committee). This applies to the use of 
carbamate fungicides in agriculture, where yearly applications to the same fields are possible. 
Based on the unspecific mode of action of IPBC, the risk of resistance formation during in-
can preservation is regarded to be low. 

2.1.3. Classification and Labelling -proposed classification and labelling for the 

active substance IPBC 

Proposed classification/labelling according to Directive 67/548/EEC for the active substance, 
IPBC, following evaluation  

Classification  

Class of danger T 
N 

Toxic 
Dangerous for the environment 

R phrases R22 Harmful if swallowed. 

R23 Toxic by inhalation  

R37 Irritating to respiratory system 

R41 Risk of serious damage to the eye  

R43 May cause sensitization by skin contact 

R50 Very toxic to aquatic organisms. 

S phrases S1 Keep locked up. 

S23 Do not breathe vapour/spray 

S24/25 Avoid contact with skin and eyes 
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S26 In case of contact with eyes, rinse immediately 
with plenty of water and seek medical advice.  

S36/37/39 Wear suitable protective clothing, gloves and 
eye/face protection. 

S45 In case of accident or if you feel unwell, seek 
medical advice immediately (show the label 
where possible). 

S61 Avoid release to the environment. Refer to 
special instructions/Safety data sheets. 

 

Proposed classification based on Regulation EC 1272/2008: 

Signal Word  Danger 

Pictograms  GHS05, GHS06, GHS09 

Hazard class and 
category code(s) Acute Tox 3 
   Eye Dam. 1 

Acute Tox 4 
   Skin Sens. 1 
   STOT SE3 
   Aquatic Acute 1 
   Aquatic Chronic 1* 
 
H-Statements  H331: Toxic if inhaled 
   H318: Causes serious eye damage 

H302: Harmful if swallowed 
H317: May cause an allergic skin reaction 

   H335: May cause respiratory irritation 
   H400: Very toxic to aquatic life  
   H410: Very toxic to aquatic life with long-lasting effects* 
Environmental M-factor  10 (acute), 1* (chronic) 
 

Precautionary statements according to the latest classification and labelling guidance No. 
1272/2008 have not been assigned. 

* According to Commission Regulation (EU) No 286/2011 (2nd ATP) 
 
 

The Committee for Risk Assessment (RAC) has in addition recently proposed to classify 
IPBC with STOT RE 1 based on effects seen on larynx after prolonged exposure by 
inhalation. This proposal has not yet been adopted by the REACH Committee.  

The final classification must when adopted by the REACH Committee be considered during 
the authorization of biocidal products.  
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2.1.4. Classification and Labelling -proposed for the representative biocidal 

products 

Classification on the basis of toxicological and environmental effects of the biocidal products 
shall, in the absence of experimental data, be deduced from the respective properties of the 
active substance(s) and the inactive ingredients on the basis of the conventional (calculation) 
method referred to in Article 6 and Annex II (tox.) and Article 7 and Annex III, Parts A and B 
(environment) of Directive 1999/45/EC. Classification on the basis of toxicological properties 
from experimental data is only allowed if test results on animals already exist or it can be 
scientifically demonstrated that the toxicological properties of the preparation cannot 
correctly be determined by the conventional method.   

The formulation consists of two ingredients, namely 30% of the active substance IBPC (3-
Iodo-2-propynyl butylcarbamate) and the solvent Dipropylene glycol. Only IPBC has 
properties, which lead to a classification according to the relevant guidelines.  

The classification of the formulation as “harmful if swallowed”, “toxic by inhalation”, 
“irritating to respiratory system, “risk of serious damage to eyes” as well as “may cause 
sensitization by skin contact” was made on the basis of the conventional method of Directive 
1999/45/EC and is based on the toxicological properties of IPBC.  

The classification as “dangerous for the environment” according to Directive 2001/59/EC is 
based on the ecotoxicological properties of IPBC. 

Classification  

Class of danger T 
N 

Toxic 
Dangerous for the environment 

R phrases R22 Harmful if swallowed. 

R23 Toxic by inhalation  

R37 Irritating to respiratory system 

R41 Risk of serious damage to the eye  

R43 May cause sensitization by skin contact 

R50 Very toxic to aquatic organisms. 

S phrases S1 Keep locked up. 

S23 Do not breathe vapour/spray 

S24/25 Avoid contact with skin and eyes 

S26 In case of contact with eyes, rinse immediately 
with plenty of water and seek medical advice.  
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S36/37/39 Wear suitable protective clothing, gloves and 
eye/face protection. 

S45 In case of accident or if you feel unwell, seek 
medical advice immediately (show the label 
where possible). 

S61 Avoid release to the environment. Refer to 
special instructions/Safety data sheets. 

 

The following classification is proposed in accordance with the latest classification and labelling 
guidance (Regulation (EC) No. 1272/2008): 
 

 

Labelling elements based on the classification 

GHS pictogram GHS05, GHS06, GHS09  
Signal word  Danger  
Hazard class and category 
code(s) 

Acute Tox 3 
Eye Dam. 1 
Acute Tox 4 
Skin Sens. 1 
STOT SE3 
Aquatic Acute 1 
Aquatic Chronic 1* 

Hazard statements H331: Toxic if inhaled 
H302: Harmful if swallowed 
H317: May cause an allergic 
skin reaction 
H318: Causes serious eye 
damage 
H335: May cause respiratory 
irritation 
H400: Very toxic to aquatic 
life 
H410: Very toxic to aquatic 
life with long-lasting effects*  

Environmental M-factor 10, 1* 
* According to Commission Regulation (EU) No 286/2011 (2nd ATP)
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Precautionary statements according to the latest classification and labelling guidance No. 
1272/2008 have not been assigned. 

The final classification must when adopted by the REACH Committee be considered during the 
authorization of biocidal products.  

 

2.2. Summary of the Risk Assessment 

2.2.1. Human Health Risk Assessment 

2.2.1.1. Hazard identification 

IPBC is of moderate acute toxicity by the oral route and of low toxicity by the dermal route. 
IPBC is classified toxic by inhalation. The substance is not irritating to skin but is a severe eye 
irritant and a skin sensitizer.  

In the short term studies the liver and kidney were the main target organs. IPBC is neither 
carcinogenic, neurotoxic or genotoxic. IPBC is not toxic to reproduction or a developmental 
toxicant. 

2.2.1.2. Effects assessment 

IPBC was completely and readily absorbed via the oral route (<90%). Following absorption, 
the substance was widely distributed with no trend for bioaccumulation observed. IPBC was 
extensively metabolised with the major metabolites being the two distereomeric conformers of 
propargyl-N-acetic acid carbamate. Glucuronidation appeared to be the main secondary 
metabolism pathway. The majority of the administered radioactivity was excreted via urine 
(57.3% to 70.7%) with faeces being a minor route (4.4% to 7.4%); radiolabelled carbon dioxide 
constituted between 18.4 to 24.2% of the administered dose. There were no differences 
between sexes or applied doses detectable. 

For IPBC, an in vitro study with human skin gave dermal absorption values (including skin 
residues) of 30, 10, and 1.6% for formulations containing 0.6, 2.3, and 17.1% IPBC, 
respectively. Solvents were xxxxxxx respectively. 

In acute toxicity studies, IPBC was found to be of moderate acute toxicity by the oral route 
and of low acute toxicity by the dermal routes of exposure but has high acute toxicity by the 
inhalation route. The data support classification of IPBC for acute toxicity by the inhalation 
route. 

IPBC is not a skin irritant, but does exhibit the potential to produce severe eye irritation. In 
animal studies, IPBC met the criteria for classification as a severe eye irritant.  

Positive findings from guinea pig sensitisation studies (GPMTs) indicate that IPBC has skin 
sensitisation potential.  

Following repeated oral administration of IPBC post-dose salivation was observed 
immediately after dosing by gavage from 30 mg/kg bw/day, but not when IPBC was 
administered via the diet. Food consumption was reduced from 80 mg/kg bw/day (dietary, 
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gavage) and body weights and/or body weight gains from 40 mg/kg bw/day (dietary) or 
80 mg/kg bw/day (gavage). Brain and RBC cholinesterase activities were not reduced up to and 
including the highest dose levels administered. Local erosions, ulceration, and/or inflammation 
of the stomach (forestomach and/or glandular stomach) were observed from about 20 to 
30 mg/kg bw/day (dietary, gavage). Increased liver weights, sometimes accompanied by 
hepatocellular changes, and increased kidney weight (females only) were observed from 30 to 
40 mg/kg bw/day. Increased incidence in foamy macrophage aggregates was noted in the lungs 
of male rats from 40 mg/kg bw/day in the 2-year study. In the 78-week mice study, an 
increased incidence in enlarged thyroids accompanied by foci of small vacuolated cells most 
likely of follicular origin and general follicular enlargement was noted at 150 mg/kg bw/day; 
the toxicological significance of these findings in thyroids remains unclear.  

Following repeated dermal administration to rats dermal irritation persisting throughout the 
treatment period, and hyperkeratosis and ulceration was observed at 500 mg/kg bw/day; at 
200 mg/kg bw/day, mild hyperkeratosis. No adverse systemic effects were observed. 

Following repeated inhalation to rats decreased RBC cholinesterase activity was observed in 
females at 6.7 mg/m3 (after 2 weeks but not at study termination) and decreased brain 
cholinesterase activities in females and in males at 6.7 mg/m3. The finding is of unclear 
relevance since no clear dose-relationship was observed (small decrease for a large change in 
dose) and the normal variation seems to be wide. Results indicated that IPBC was not 
neurotoxic. This was also supported by the acute and 90-day neurotoxicity and 104 weeks 
studies in rats and 78 weeks mice study (all investigating RBC and brain cholinesterase 
inhibition).  Histopathological findings were epithelial hyperplasia in the central region of the 
larynx, hyperplasia or squamous metaplasia in the ventrolateral region of the larynx, and 
necrosis of the underlying cartilage of the larynx at 6.7 mg/m3 (NOAEC 1 mg/m3). The effects 
on larynx are considered as a local and not a systemic effect. 

IPBC was not neurotoxic when administered via the oral route. 

The weight of evidence from the available well-conducted in vitro and in vivo genotoxicity 
studies indicates that IPBC is not a genotoxic substance. 

IPBC was not carcinogenic in rats and mice up to and including the highest dose levels tested 
(80 and 150 mg/kg bw/day for rats and mice, respectively). 

In experimental animal studies IPBC did not affect fertility and did not cause developmental 
toxicity. The evidence suggests that this substance does not possess significant potential with 
respect to toxicity to reproduction. 

 

Reference values for the risk assessment (AEL) 

Two different values will be used as basis for the risk characterisation of systemic effects: 

The AELlong-term was derived from the 104 weeks chronic toxicity/carcinogenicity study with 
rats with NOAEL 20 mg/kg bw/day based on reduced mean body weight and body weight gain 
in both sexes and increased incidence of histopathological changes in stomach, forestomach 
and salivary glands.  
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An uncertainty factor of 100 will be applied to the NOAEL for a 10-fold factor for interspecies 
variability and a 10-fold factor for intraspecies variability. As absorption by the oral route was 
found to be close to 100%, no correction for absorption from the gastrointestinal tract has been 
made in the AEL setting.  

 

AELlong-term= 20 mg/kg bw/day / 100 = 0.2 mg/kg bw/day  

As IPBC is not toxic to reproduction or a developmental toxicant the most relevant study to be 
chosen as a basis for setting the AELacute and AELmedium-term seems to be the 3 months gavage 
study in rats which has the lowest relevant NOAEL (35 mg/kg bw/day) based on reduced 
body weight and body weight gain, increased absolute and relative kidney and liver weight and 
increased iron concentration.  

AELacute and AELmedium-term = 35 mg/kg bw/day / 100 = 0.35 mg/kg bw/day 

2.2.1.3. Risk characterisation for local effects 

It was decided at TMIV2011 that a quantitative RA should only be carried out if suitable data is 
available for the product (e.g product were a dilution of the active substance).  In the situation with 
IPBC the model product, contains formulants and thus is not just a dilution of the active substance. In 
line with the decision taken at TMIV2011, a qualitative local risk assessment describing the effects and 
including the C&L of the products has been performed. 

Due to the low vapour pressure of IPBC of 0.00234 Pa (2.34 mPa) and according to the “HEEG 
opinion on Assessment of Inhalation Exposure of Volatilised Biocide Active Substance” IPBC 
is not volatilized. Exposure from inhalation is therefore considered negligible. The concern 
regarding local effects arises from the effects seen on larynx in rats after repeated exposure 
which leads to a classification of IPBC with R37: Irritating to respiratory system.  

Only products used for in-can preservation by professionals in automated processes will be 
classified with R37 (10-40% a.i) and thus PPE can be prescribed. For all other uses both for 
professionals and amateurs the application/handling of the end products, which contains 0.01-
1% IPBC, will not lead to classification of the end products with R37.  

In conclusion, a local exposure assessment is not required even if a worst case approach based 
on the R37/STOT SE 3 classification is taken. The concentration of IPBC in all liquid 
formulations applied in PT6 is below 20% which is the threshold for a classification of a 
mixture as a respiratory irritant according to the provisions of the DPD and the CLP. 
Consequently, as no respiratory irritation is anticipated during application of the liquid diluted 
products, an exposure and risk assessment for local effects via the inhalation route is not 
required. It has to be emphasized that normally risk assessment for local effects are NOT 
performed on the active substance classifications but on the product and its resulting 
classification. 

The representative product containing IPBC is also classified as a severe eye irritant and skin 
sensitiser. However, at the end use concentration of the product the risk with regard to these 
hazardous properties is considered to be acceptable. 
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Despite the moderate sensitizing property of IPBC, based on the risk assessment no specific 
concern is identified due to use of treated articles intentionally incorporating IPBC. Therefore, 
there is no need to set restrictions or specific conditions for use of IPBC in similar type of 
applications as evaluated in this CAR. 

 

 

2.2.1.4. Systemic exposure assessment and risk characterisation 

Industrial application 

Exposure during industrial in-can preservation of washing, cleaning fluids, detergents, paints 
and coatings, fluids used in paper, textile and leather production, glues and adhesives is 
displayed in Table 1-1 in doc IIC. Assuming concentrations in the range of 10 to 40 %, 
exposure during in-can preservation is between 0.0010 to 0.0024 mg/kg bw/day when wearing 
PPE. These exposure figures do not exceed the long term AEL of 0.2 mg/kg bw/day 
(equivalent to 0.51 – 1.2% of the AELlong-term).. The MOE is above 8357. Thus, the risk for the 
industrial workers during in-can preservation is considered to be acceptable.  

The industrial application of in-can preserved paints and coatings results in an exposure of 
0.000053 to 0.00053 mg/kg bw/day when spraying at concentrations of 0.01 and 0.1 %, 
respectively and wearing PPE (see Table 1-1 in doc IIC). These exposures are below 1 % of the 
AEL for long-term exposures of 0.2 mg/kg bw/day. The MOE is above 10000. Thus, the risk 
for the industrial workers during application of in-can preserved paints and coatings is 
considered to be acceptable. 

The use of in-can preserved fluids for paper, textile and leather production (IPBC 
concentration: 0.1%) and glues and adhesives (IPBC concentration: 1%)   result in exposures of 
0.037 and 0.025 mg/kg bw/day (concentration 0.1-1 %) when wearing PPE. This equals to 18.7 
and 12.54 % of AELlong-term of 0.2 mg /kg bw/day. The MOE is above 500. Thus, the risk for the 
industrial workers during application of in-can preserved fluids for paper, textile and leather 
production and glues and adhesives is demonstrated to be acceptable. 
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Professional application 

When IPBC preserved washing and cleaning fluids or detergents are applied by professionals 
(including handling of the wet treated laundry for instance) the exposure is 0.000296 mg/kg 
bw/day (equal to 0.15 % of AELlong-term of 0.2 mg/kg bw/day) when wearing PPE. When 
applying the in-can preserved paints, coatings, glues and adhesives by manual spraying, 
brushing, or wallpapering, the exposures are in the range of 0.00089 to 0.03 mg/kg bw/day 
when wearing PPE. These exposures are well below the AELlong-term of 0.2 mg/kg bw/day (0.45 
to 15. % of AELlong-term). The MOE is above 700 in all scenarios.  

Consequently, the risk for professionals during the intended biocidal uses of IPBC in PT6 has 
been demonstrated to be acceptable. 

Amateur application 

The results of the amateur/consumer exposure estimations for IPBC when using in-can 
preserved cleaning and washing fluids, detergents (for hand dish washing), paints and coatings 
(for manual spraying and brushing) and glues and adhesives (for wallpapering) are shown in 
Table 1-3 in doc IIC. The estimated exposures are in the range of 0.002 to 0.187 mg/kg bw/day 
when no PPE is worn. In all scenarios concerning amateur/consumer exposure, the AEL for 
longand short/medium- term exposure is not exceeded (1% of long-term AEL and max 53.43% 
of the short-term AEL, respectively). The MOE is above ~ 190 in all non-professionals use 
scenarios. These applications are therefore considered to be of acceptable risk.  

Risk Characterisation for Secondary exposure 

A secondary exposure and risk assessment has been performed for the following scenarios:  
 Consumption of food after contact to cleaned or painted surface 

 Exposure via residues from cleaned dishes 
 Contact of child and infant to cleaned or painted surface or glues 

 Contact of child and infant to residual IPBC in textiles after laundry 

 Inhalation of volatilized residues indoors 
 
For all secondary exposure assessments, worst case assumptions were made, i.e. assuming the 
maximum concentrations.  
The oral exposure via residues from food in contact with cleaned or painted surfaces or from 
cleaned dishes was estimated to be in the range of 9.9*10-6 mg/kg bw/d 8*10-4 mg/kg bw/day 
for adults, children and infants, respectively, which is equivalent to 0.005% to 0.4% of the 
AELlong-term. 
The combined oral and dermal exposure of children and infants during playing on treated or 
painted surface or when touching glues containing IPBC has been estimated to amount to 
3.98*10-3 and 0.0139 mg/kg bw/ day, respectively. Which is equivalent to 1.99% and 6.95% of 
the AELlong-term of 0.2 mg/kg bw/day. 
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The dermal exposure of children and infants via residues of IBPC in textiles after laundry 
results in an exposure of 1.3*10-6 to 1.86*10-6 mg/kg bw/ day, respectively which is equivalent 
to less than 0.1% of the AELlong-term. 
The inhalation exposure of adults, children and infants to residues volatilizing from residues 
was estimated to be in the range of 1.09*10-3 to 1.57*10-3 mg/kg bw/day, equivalent to < 1% of 
the AELlong-term. 

 
The risk during secondary exposure to IPBC is considered to be acceptable because the 
AELlong-term  is not exceeded. The MOE is calculated to be above 1400 for all secondary 
exposure scenarios.  

Combined exposure 

Adults are the only subpopulation who may reasonably experience both primary and secondary 
exposure to IPBC. Since the secondary exposure adds only negligible doses to the primary 
exposure, no additional concern arises from the combination of all pathways. Even in the worst 
case scenario of a professional who is involved in industrial in-can preservation or industrial 
use of in-can preserved end-products, manual spraying and brushing in his or her leisure time, 
the MOE of the primary exposure scenario remains virtually unchanged and sufficiently high. 

Overall conclusion 

The use of IPBC in industrial in-can preservation and the further use of the in-can preserved 
end-products can be considered safe for industrial, professional and non-professional users. 
Furthermore, the secondary exposure is negligible or very low and does not pose a 
unacceptable risk for human health. Thus the overall outcome of the systemic risk assessment 
for humans, that has covered normal/representative use of the biocidal product together with a 
realistic worst case scenario as well as the material treated with it, is that proper use, i.e. use in 
compliance with the conditions on the label, of IPBC and in-can preserved end-products 
therewith is considered safe for all subpopulations. 

 

2.2.2. Environmental Risk Assessment 

2.2.2.1. Fate and distribution in the environment 

IPBC is stable to hydrolysis. Direct photodegradation of IPBC in water is low and the 
substance may be considered photolysis stable in water. 

Air will not be an environmental compartment of concern for IPBC because of the low vapour 
pressure of this compound. It should also be noted that the calculated DT50 of IPBC in air is 
only about 15 hours and IPBC is therefore not considered persistent in air. 

IPBC is not readily biodegradable but is primary biodegradable according to Zahn-Wellens 
test. The biodegradation half-life in surface water is estimated to about 3.1 hour at 12oC. IPBC 
is metabolised rapidly in soil in laboratory experiments, the half-life is estimated to be 4.7 hour 
at 12oC. In degradation of IPBC, the primary degradate was propargyl butyl carbamate (PBC). 
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PBC was found in hydrolysis, aerobic soil, and anaerobic aquatic metabolism studies. In 
hydrolysis, PBC was the only degradation product identified.  

In soil, PBC was degraded to CO2, bound soil residues and an unidentified metabolite. In 
anaerobic aquatic environments (sediment/water), PBC was degraded to 2-propenyl butyl 
carbamate (2-PBC) and 2 unidentified degradates (less than 10%), CO2 and possibly CH4.  The 
metabolite 2-PBC is only formed at a percentage > 10% in the water phase under anaerobic 
conditions. QSAR estimation indicates a toxicity of this metabolite is comparable to that found 
for IPBC. Therefore in this case it is not considered necessary to ask for experimental 
ecotoxicological data for this metabolite as IPBC is not likely to undergo anaerobic degradation 
in any of the environmental compartments that IPBC will reach when used in PT6; however, 
anaerobic degradation can occur in the sewage sludge if the sludge is used in biogas 
production, this is not included in this evaluation.  

An evaluation of the degradation products iodide and iodate released from IPBC are included in 
the exposure and risk assessment, however for the fate and distribution in the environment and 
for the effect assessment of iodide and iodate data from the Swedish first Draft CAR of iodine 
are used. 

IPBC has a medium to high mobility potential. 

The bioaccumulation potential is not significant based on a log Pow value of 2.8. 

2.2.2.2. Effect assessment 

The toxicity to aquatic organisms is documented by acute and long-term studies. Long-term 
NOEC values are available for all three trophic levels in the aquatic compartment: The lowest 
NOEC from the algae study of 0.0046 mg/L was taken as the basis for the PNEC derivation in 
water. 

The PNEC for the sediment is calculated using the equilibrium method. However, the risk to 
the sediment is the same as that described for surface water. Therefore the risk of the sediment 
will not be considered further. 

The toxicity to terrestrial organisms is documented by acute studies. Tests are available for test 
on earthworm, terrestrial micro-organisms and terrestrial plants. The plant test with an EC50 of 
4.92 mg/kg was taken as the basis for the terrestrial PNEC. 

The following PNEC values are used in the risk assessment for IPBC: 

PNECwater = 0.0046 mg/L / 10 = 0.0005 mg/L 

PNECstp = 44.00 mg/L / 100 = 0.44 mg/L 

PNECsoil = 4.92 mg/kg dry soil/1000 = 0.005 mg/kg dry soil  

PBC was identified as a relevant metabolite of IPBC in water, sediment and soil, because it was 
found in degradation studies at above the limit value of 10%. Due to a relative short half-life of 
PBC (T½ of 31.2; 31.4 and 9.5 days at 12oC in water, sediment and soil, respectively) PBC can 
be regarded as a transient metabolite. In addition, the ecotoxicity of PBC is a factor of 300 – 
1000 lower for fish, invertebrates and algae compared to IPBC.  
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The following PNEC values are used in the risk assessment for PBC: 

PNECwater = 41.3 mg/L / 1000 = 0.0413 mg/L 

PNECsoil = 0.149 mg/kg wet soil = 0.169 mg/kg dry soil (calculated from PNECwater)  

For the PNECSTP the one for IPBC is used as a worst case. 

For iodine, iodide and iodate PNEC values from the first Draft CAR of iodine from SE is used. 

A metabolite 2-PBC is formed at a percentage > 10% in the water phase; however only under 
anaerobic conditions. QSAR estimation indicates a toxicity of this metabolite is comparable to 
that found for IPBC. Therefore in this case it is not considered necessary to ask for 
experimental ecotoxicological data for this metabolite. 

2.2.2.3. PBT and ED assessment 

Assessment of PBT criteria 

A PBT assessment is carried out for IPBC and PBC according to the REACH guidance on PBT 
assessment. 

Persistence criteria (P) 

IPBC is not readily biodegradable but is primary biodegradable according to Zahn-Wellens 
test. In an aerobic soil degradation study, IPBC is rapidly degraded with a DT50 of 2.1 hour at 
22º C (DT50 of 4.7 hours at 12 º C). In a water sediment study a DT50 of 1.4 hour at 22º C (DT50 
of 3.1 hours at 12 º C) was found for the water phase and a DT50 of 2.2 hour at 22º C (DT50 of 
4.9 hours at 12 º C) was found for the sediment phase. As these half-lives are below the trigger 
values, the P criterion for IPBC is not fulfilled. 

 The degradation DT50 of PBC in freshwater was found to be 14.2 days at 22 ºC (DT50 of 31.2 
days at 12 º C), in sediment the DT50 value is 14.3 days at 22 ºC (DT50 of 31.4 days at 12 º C) 
while the degradation half-live in soil of PBC is 4.3 days at 22 ºC (DT50 of 9.5 days at 12 º C). 
As these values are below the trigger values, the P criterion for PBC is not fulfilled. 

Bioaccumulation criteria (B) 

The bioaccumulation potentials are not significant based on a log Pow value of 2.8 for IPBC and 
1.64 for PBC which will result in bioconcentration factors (BCF) below 2000. Therefore, the B 
criterion is not fulfilled for either IPBC or PBC. 

Toxicity criteria (T) 

For IPBC the NOEC value for algae, the most sensitive aquatic species, is 0.0046 mg/l. 
Therefore, the T criterion is fulfilled as a chronic NOEC below 0.01 mg/L is found for IPBC. 
Mammalian toxicity data do not give rise to T criteria for IPBC.  

For PBC mammalian toxicity data do not give rise to T criteria. For PBC no data on chronic 
effects are available. Therefore short-term toxicity data are compared to the trigger of 0.1 
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mg/L. For PBC all the short-term toxicity data are above the trigger value and a log Kow below 
4.5 results in no further assessment necessary for the toxicity criteria. 

 

Thus IPBC and PBC do not fulfil the PBT or vPvB criteria. 

Assessment of Endocrine Disruption (ED) 

IPBC nor PBC are not included in the EU list of potential endocrine disruptors (COM DG 
ENV, 2000). 

2.2.2.4. Exposure assessment  

For the exposure assessment, two approaches have been used, i.e. a consumption and a tonnage 
based approach. For the consumption based approach penetration factors of 1 and 0.5 have 
been applied to uses where there is a direct disperse emission to the STP. Using a penetration 
factor of 0.5 is a refinement that is performed as several substances are used for in-can 
preservation.  

For the consumption based approach, emissions are calculated based on several different 
emission scenario documents (ESDs) as recommended in the ESD for PT6. The different uses 
of IPBC result in emissions directly into soil, the facility drain or the air. For the consumption 
based approach emissions from the formulation of the end-products are considered negligible 
as the process of in-can preservation is highly automated. The exposure assessment therefore 
covers the application phase of the end-products treated with preservative and their service life, 
covering all the applications listed: 

PT6.1  In-can preservation of washing and cleaning fluids and detergents  

PT6.2  In-can preservation of paints and coatings  

PT6.3.2 In-can preservation of fluids used in textile production  

PT6.6  Glues and adhesives 

 

For the tonnage based approach exposure calculations cover both the formulation and the use of 
the end-products. For the formulation phase local emissions were calculated using the default 
values provided in A&B tables of the TGD Part II (2003) for the respective industries. For the 
use phase it is assumed that 100% of the used IPBC is emitted to the facility drain, except for 
paints where default values from the ESD for PT7 have been used as refinement (0% release 
for professional use and 3% release for non-professional use). For the industrial use under 
PT6.2 it is assumed that this part is covered by the professional use. For glues and adhesives 
which are used indoors, it is assumed that it result in emissions of IPBC to air but not to the 
facility drain. For the tonnage based approach only the emissions to the STP are considered as 
the other emissions are covered by the consumption based approach as these emissions are 
higher than those for the tonnage based approach. 

As IPBC quickly degrades to PBC, iodide and iodate within the environmental compartments, 
PEC calculations of IPBC, PBC, iodide and iodate have been performed for the environmental 
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compartments: STP, surface water, sediment, air, soil and groundwater were relevant. It is 
chosen to base the risk characterisation for the STP on the concentrations in the effluent (as 
suggested in the TGD); IPBC degrades totally within 4 hours in a STP and IPBC will therefore 
not be present in the effluent. For the evaluation of IPBC in PT8, inlet concentrations of IPBC 
were used to evaluate the risk for the STP. For PT8 PEC/PNEC (STP) ratios were low and it 
made no difference if the risk characterisation was based on IPBC or PBC; whereas for IPBC in 
PT6, PEC/PNEC (STP) ratios are closer to 1 so it makes a difference which ones are evaluated. 
It is therefore chosen to use the approach with STP effluent concentrations according to the 
TGD for this evaluation. 

In the evaluation of iodine released from IPBC, it is chosen to consider 100% formation of both 
iodide and iodate. This proposed assessment is however worst case as it is expected that much 
less than 100% of the different iodine species will be present. However, for calculation of soil 
concentrations it is assumed that the total iodine concentration in soil is transformed into 14% 
iodide and 100% iodate. For the exposure assessment of iodide and iodate, calculations for the 
direct emissions to STP are based on the tonnage based approach. The reason for this is that the 
final risk assessment of IPBC/PBC is based on the tonnage approach and acceptable risk is 
found; furthermore the evaluation of iodine/iodate was added late in the process (in the final 
draft CAR) and for saving the amount of work only the last tier was chosen. However, the 
consumption based approach is applied for direct emissions to soil as this is not covered in the 
tonnage based approach.   

 

2.2.2.5. Risk characterisation 

IPBC released directly to the facility drain 

Several of the usages of IPBC as in-can preservative result in direct emissions to a STP, these 
emissions can end up in the same STP and in the same environmental compartments following 
the STP. A cumulative risk assessment is therefore performed for these emissions based on a 
tiered approach. For Tier 1 all emissions to STP are evaluated together. However, it is not 
likely that all the industries are in the same catchment area to a STP; this approach is therefore 
only used as a worst case. For Tier 2 the total domestic emission is considered together while 
emissions from industries are evaluated separately.  

Considering PBC (consumption and tonnage based approach) 

In the risk characterisation it is found that the consumption based approach results in 
PEC/PNEC ratios much higher than those for the tonnage based approach, both when 
considering market penetration factors of 1 and 0.5.  

For the consumption based approach the requirements for acceptable risk according to the TGD 
on Risk Assessment are met for all the single uses of IPBC. However, when considering the 
cumulative risk (Tier 1: all domestic and industrial emissions together) risk is found for the 
sewage treatment plant and the surface water for marked penetration factors of both 1 and 0.5. 
When considering the total domestic load (Tier 2) for the consumption based approach no 
unacceptable risk is identified for any environmental compartments for marked penetration 
factors of both 1 and 0.5. Also when the total domestic load is combined with any single 
industrial emission, no unacceptable risk is found for a marked penetration factor of 0.5. For a 
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marked penetration factor of 1 unacceptable risk is found for the STP and the surface water 
when the total domestic load is combined with industrial emissions from either washing and 
cleaning fluids or textile production.   

For the tonnage based approach for applications considered in this dossier the requirements for 
acceptable risk according to the TGD on Risk Assessment in the STP, the surface water 
compartment as well as the soil compartment are met. Also when considering the cumulative 
emission from all the formulations and usages no unacceptable risk is identified.  

The risk to the sediment is the same as that described for surface water. Therefore the risk of 
the sediment will not be considered further. 

Considering iodide and iodate (only tonnage based approach) 

In the risk characterisation performed for the degradation products iodide and iodate 
unacceptable risk is identified for iodide in surface water and soil. For soil, predicted 
concentrations are well within the background level which is found acceptable. For surface 
water the predicted concentrations of both iodide and iodate are within the background level 
but close to the highest level. Under oxic conditions iodine is mainly present as iodate which 
would mean risk ratios below 1. Moreover, sorption conditions would be quite different in oxic 
waters. As stated in the first Draft CAR for iodine a higher sorption constant is found for oxic 
waters which result in lower concentrations in surface water and higher concentrations in 
sediment and suspended matter. Further it should be mentioned, that the calculations are 
considering the cumulative emission from all the formulations and usages.  

For sediment and groundwater predicted concentrations of iodide and iodate are well within the 
background levels, which is found acceptable.  

 

IPBC released directly to soil 

IPBC is released directly to soil when used in paints applied to houses in the countryside. 
IPBC, PBC, iodide and iodate are evaluated as IPBC quickly degrades in soil. For the release 
during treatment acceptable risk according to the TGD is identified shortly after application for 
IPBC and for PBC considering a distance and depth of 10 cm from the treated surface. Initial 
risk is therefore accepted as the risk is reduced by a PEC/PNEC value far below 1 on time1 for 
IPBC and PBC, respectively. For release during service life the risk is unacceptable for IPBC 
and PBC within the initial assessment period, while the risk is acceptable within the longer 
assessment period when the 10 cm distance and depth is considered. When considering a 50 cm 
distance and depth, the PEC/PNEC values are below 1, showing an acceptable risk for both the 
initial and longer assessment period.  

The PEC/PNEC ratios for iodide are slightly above 1 both for the application phase and the 
service life when considering a distance and depth of 50 cm and below 1 for the distant soil for 
the spraying treatment. For iodate the PEC/PNEC ratios are above 1 when considering a 
distance and depth of the soil of 10 cm; however, the PEC values of iodide and iodate are all 
well within the background level (0.5-20 mg/kg dwt). The risk is therefore found acceptable 
both for iodate as well as for iodide.  
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In line with the conclusion from the first Draft CAR of iodine from SE stating that: considering 
the high background iodine concentrations in the environmental compartments concerned and 
that iodine is an essential element to both animals and plants in rather high concentrations 
(higher than what corresponds to a trace element), the actual risks arising from the use should 
be considered to be acceptable as predicted concentrations are below the background level.  

 

Atmosphere and groundwater 

Direct exposure to air from the described use of IPBC in PT6 is considered to be low. In 
addition, the vapour pressure of IPBC is low and the calculated half life in air is short (15 h). 
PBC might reach the air compartment due to releases from the STP. The highest annual 
average PEC in air for PBC was calculated to be 1.21 x 10-6 mg/m3. Consequently, air is not an 
environmental compartment of concern for IPBC or PBC. Exposure to air for iodide and iodate 
is considered to be low, as the compounds are assumed not to be volatile. 

  

By using the FOCUS models PELMO and PEARL it could be shown that IPBC and PBC do 
not leach to groundwater from the soil surface, thus posing no risk to the groundwater 
compartment. By using the FOCUS model PEARL it could be shown that the estimated 
concentrations of Iodide and Iodate are within the background level of 1-70µg/L in eight of the 
nine considered scenarios. In one scenario the estimated concentration is only slightly above 
the background level of 70 µg/L. The assessment is however worst case since it was assumed 
that all the industries (formulation of end-products as well as the industrial use of end-products 
are in the same catchment area to a STP. The risk is therefore found acceptable both for iodate 
as well as for iodide.  
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2.2.3. List of endpoints 

In order to facilitate the work of Member States in granting or reviewing authorisations, the 
most important endpoints, as identified during the evaluation process, are listed in Appendix I. 

In the list of endpoints analytical methods for residues in tissue and body fluids have been 
added compared to the one displayed for IPBC in PT8. 
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3. PROPOSED DECISION 

3.1. Background to the proposed decision 

IPBC has a proposed classification as Acute Tox 3, Eye Dam. 1, Acute Tox 4, Skin Sens. 1, 
STOT SE3, Aquatic Acute 1, Acute Chronic 1 with H331, H318, H302, H317, H335, H400 and 
H410 (T, N, R22-23-37-41-43-50). 

The assessment has been performed based on the documentation for the active substance and 
the representative biocidal solvent based model formulation containing 30% IPBC. The 
biocidal product is intended to control fungi and yeast and is for industrial in-can preservation 
process. The concentration of IPBC in the product to be preserved is in the range of 0.01% to 
1.0%. The end-products cover washing and cleaning fluids and other detergents, paint and 
coatings, fluids used in textile production and glues and adhesives for indoor use. 

The assessment of the biocidal activity of the active substance IPBC demonstrates that is has a 
sufficient level of efficacy against fungi and yeast and efficacy results show that IPBC based 
in-can preservative products may be expected to be efficacious. However, further efficacy data 
may be required on specific products to support product authorisation at Member State level. 

The risk characterisation for human health indicates that there is no unacceptable risk 
anticipated for industrial workers during in-can preservation and during application of in-can 
preserved products. 

In the risk characterisation for the environment, results from the consumption based approach 
show no unacceptable risk for all the single uses of IPBC. However, when considering the 
cumulative risk (Tier 1: all domestic and industrial emissions together) risk is found for the 
sewage treatment plant and the surface water for marked penetration factors of both 1 and 0.5. 
When considering the total domestic load (Tier 2) for the consumption based approach no 
unacceptable risk is identified for any environmental compartments for marked penetration 
factors of both 1 and 0.5. Also when the total domestic load is combined with any single 
industrial emission, no unacceptable risk is found for a marked penetration factor of 0.5. For a 
marked penetration factor of 1 unacceptable risk is found for the STP and the surface water 
when the total domestic load is combined with industrial emissions from either washing and 
cleaning fluids or textile production. For the tonnage based approach for applications 
considered in this dossier the requirements for acceptable risk according to the TGD on Risk 
Assessment in the STP, the surface water compartment as well as the soil compartment are met. 
Also when considering the cumulative emission from all the formulations and usages no 
unacceptable risk is identified. In the risk characterisation performed for the degradation 
products iodide and iodate unacceptable risk is identified for iodide in surface water and soil. 
For soil, predicted concentrations are well within the background level which is found 
acceptable. Further, there was no risk identified for contamination of groundwater at levels of 
0.1 µg/L or above for IPBC and the degradation product PBC. For the degradation products 
iodide and iodate expected levels are within the background level of 1-70 µg/L in eight of the 
nine considered scenarios. In one scenario the estimated concentration is only slightly above 
the background level of 70 µg/L. IPBC and PBC are also not characterised as PBT substances 
since only the criterion for toxic (T) is fulfilled for IPBC. 

Assessed from the documentation for the active substance, IPBC, and the representative 
artificial “dummy” product containing IPBC, the proposed manner and areas of use of products 
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intended to control fungi and yeast may be sufficiently effective for these uses and without 
unacceptable risk either to human health or to the environment.    

This overall conclusion relies on the fact that users of the biocidal product will be applying the 
basic principles of good practice and respect the conditions for use recommended on the label 
of the product. 

3.2. Proposed decision  

The overall conclusion from the evaluation of IPBC for use in Product Type 6 (Preservatives 
for products during storage), is that it may be possible to issue authorisations of products 
containing IPBC in accordance with the conditions laid down in Article 5(1) b), c) and d) of 
Dir. 98/8/EC. 

It is therefore proposed to approve IPBC as an active substance for use in product-type 6 
(preservatives for products during storage), subject to the following specific conditions: 

The product assessment shall pay particular attention to the exposures, the risks and the 
efficacy linked to any uses covered by an application for authorisation, but not addressed in the 
Union level risk assessment of the active substance. 

Authorisations are subject to the following condition: 

For industrial or professional users, safe operational procedures and appropriate organizational 
measures shall be established.  Where exposure cannot be reduced to an acceptable level by 
other means, products shall be used with appropriate personal protective equipment. Where a 
treated article has been treated with or intentionally incorporates IPBC, and where necessary 
due to the possibility of skin contact as well as the release of IPBC under normal conditions of 
use, the person responsible for placing the treated article on the market shall ensure that the 
label provides information on the risk of skin sensitisation, as well as the information referred 
to in the second subparagraph of Article 58(3) of Regulation (EU) No 528/2012.  

 

3.3. Elements to be taken into account when authorising products 

Products containing IPBC have been evaluated for the use to control fungi as an in-can 
preservative.  

The following manner and area of use of products containing IPBC have been evaluated with 
the following specified maximum concentrations of IPBC: 

PT 6 
In-can preservative  
 Field of use envisaged for in-can 

preservation in:* 
Concentration at which IPBC have been 

evaluated: ** 
6.1 Washing and cleaning fluids and 
detergents 
 
Industrial in-can preservation process 
Industrial, professional and non-
professional use of end-products 

biocidal product: 15% - 30% 
end-product: 0.1%  
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PT 6 
In-can preservative  
 Field of use envisaged for in-can 

preservation in:* 
Concentration at which IPBC have been 

evaluated: ** 
6.2 Paints and coatings 
 
Industrial in-can preservation process  
Industrial, professional and non-
professional use of end-products 

biocidal product: 30% 
end-product: 0.01% - 0.1%  

6.3.2 Fluids used in textile production  
 
Industrial in-can preservation process  
Industrial and professional use of end-
products 

biocidal product: 30% 
end-product: 0.1% 

6.6 Glues and adhesives (indoor)  
 
Industrial in-can preservation process  
Industrial, professional and non-
professional use of end-products 

biocidal product: 10% - 30% 
end-product: 1% 

* The source for categorisation is Van der Poel and Bakker (2001) and modified after Doc. 6.4 from 41st CA 
meeting.  
** The concentration is given in % (w/w). A product containing 30% IPBC was chosen as the representative 
model formulation. However, in the human health exposure and risk assessments biocidal products with an IPBC 
concentration in the range of 10-40% have been evaluated.  
 

The following uses within PT6 have not been evaluated: In-can preservation of fluids used in 
paper production, fluids used in leather production, metal working fluids, fuels and glues and 
adhesives for outdoor use. 

If products containing the active substance is recommended for preserving paper that comes 
into contact with food a dietary assessment may be necessary. This should be taken into 
account at product authorisation. 

In the product authorisation phase, simulated use studies are required on the efficacy of the test 
substance over longer periods of time and on the effects of interfering substances in the 
products to be preserved 

Dermal absorption values used in the applications for product authorisation should be justified, 
if available by the submission of specific dermal absorption data on the product, or by read-
across to existing data if scientifically justified, or by using default values.The final 
classification must when adopted by the REACH Committee be considered during the 
authorization of biocidal products.  

 

 

3.4. Requirement for further information 

It is considered that the evaluation has shown that sufficient data have been provided to verify 
the outcome and conclusions, and permit the proposal for the approval of IPBC in accordance 
with Article 9 of Regulation No 528/2012. 
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3.5. Updating this Assessment Report  

This assessment report may need to be updated periodically in order to take account of 
scientific developments and results from the examination of any of the information submitted 
in relation with Regulation (EU) No 528/2012. Such adaptations will be examined and finalised 
in connection with any amendment of the conditions for the approval of IPBC. 
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Appendix I: List of endpoints 

 
Chapter 1: Identity, Physical and Chemical Properties, Classification and Labelling 

 

Active substance (ISO Common Name) IPBC, 3-Iodo-2-propynyl butyl carbamate 

Function (e.g. fungicide) Fungicide 

 

Rapporteur Member State Denmark 

 
Identity (Annex IIA, point II.) 

Chemical name (IUPAC) 3-Iodo-2-propynyl butyl carbamate 

Chemical name (CA) 3-Iodo-2-propynyl butyl carbamate 

CAS No 55406-53-6 

EC No 259-627-5 

Other substance No. Not relevant 

Minimum purity of the active substance as 
manufactured (g/kg or g/l) 

980 g/kg 

Identity of relevant impurities and additives (of 
toxicological, environmental and/or other 
significance) in the active substance as 
manufactured (g/kg) 

 
None 

Molecular formula C8H12INO2 

Molecular mass 281.1 g/mol 

Structural formula 
 O C NH

O

CH2 CH2 CH2 CH3CH2CCI  
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Physical and chemical properties (Annex IIA, point  
III) 

Melting point (state purity) 65.8 – 66.5 °C (≥ 98.8 %) 

Boiling point (state purity) No boiling point (≥ 98.8 %), decomposes 

Temperature of decomposition > 85 °C 

Appearance (state purity)  Technical  98%: crystalline slightly yellow solid with a 
faint odour of iodine 

Pure 99.6%: white needles 

Relative density (state purity)  1.714 (98.8%) 

Surface tension 69.1 mN/m at 158 mg/L 

Vapour pressure (in Pa, state temperature) 2.36-4.5  10–3   Pa (at 25 °C)  

Henry’s law constant (Pa m3 mol -1) 3.38-6.45  10-3 Pa  m3  mol-1 (at 25 °C) 

Solubility in water (g/l or mg/l, state temperature) pH___4___: 182 mg/L (20°C) 

 pH___7___: 168 mg/L (20°C) 

 pH___9___: 176 mg/L (20°C) 

Solubility in organic solvents (in g/l or mg/l, state 
temperature) (Annex IIIA, point III.1) 

3.5 g/L for heptane 
3.6 g/L for petroleum ether 
281 g/L for ethyl acetate 
150 g/L for octanol 
> 1000 g/L for methanol 

 all at 20 °C 

Stability in organic solvents used in biocidal 
products including relevant breakdown products 
(IIIA, point III.2) 

Stable in octanol, heptane and ethyl acetate for 96 h, 
storage at ambient conditions 
Stable in octanol, petroleum ether and methanol for 9 
days when stored at 25 °C 

  

Partition coefficient (log POW) (state temperature) 2.81 (25°C) 
Effect of pH is not relevant; IPBC is neither an acid nor a 
base. 
pH___5___:  

 pH___9___:  

 pH___7___: 

Hydrolytic stability (DT50) (state pH and 
temperature) (point VII.7.6.2.1) 

pH 4: 267 days (25°C) 

 pH 7: 248 days (25°C) 

 pH 9: 229 – 539 days (25°C) 
pH 9: 11.8 days (50°C) 
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Dissociation constant (not stated in Annex IIA or 
IIIA; additional data requirement from TNsG) 

Not applicable, non-ionic material 

UV/VIS absorption (max.) (if absorption > 290 nm 
state  at wavelength) 

maxima at 191 nm and 227 nm 

Photostability (DT50) (aqueous, sunlight, state pH) 
(point VII.7.6.2.2) 

No significant absorption > 290 nm. However, in ethanol 
solutions, irradiated with sunlight or UV lamps, ca. 25 % 
of the initial IPBC was degraded within 17 days of 
exposure. 
A new study demonstrates that IPBC is stable to direct 
and indirect photolysis in the aquatic environment. This 
is selected as the key study 

Quantum yield of direct photo-transformation in 
water at  > 290 nm (point VII.7.6.2.2) 

No significant absorption > 290 nm. Therefore, quantum 
yield of direct photolysis was not determined. 

Flammability Not highly flammable, not auto flammable 

Explosive properties Not explosive properties. 

 

Classification and proposed labelling (Annex IIA, point IX.) 

with regard to physical/chemical data None 

with regard to toxicological data T, R22, R23, R37, R41, R43 

with regard to fate and behaviour data  None 

with regard to ecotoxicological data N, R50 

 

 

 

Chapter 2: Methods of Analysis 

 
Analytical methods for the active substance  

Technical active substance  and the metabolite PBC 
(principle of method) (Annex IIA, point 4.1) 

HPLC-UV 
GC-FID  

Impurities in technical active substance (principle 
of method) (Annex IIA, point 4.1) 

HPLC-UV 
GC-FID 

 

Analytical methods for residues 

Soil (principle of method and LOQ) (Annex IIA, 
point 4.2)  

IPBC/PBC: HPLC-MS/MS, LOQ = 0.01 mg/kg 

Air (principle of method and LOQ) (Annex IIA, 
point 4.2) 

Not necessary, IPBC is not volatile and spray 
applications only involve non-respirable particles. 

Water (principle of method and LOQ) (Annex IIA, 
point 4.2) 

IPBC/PBC: Both for surface water, ground water and 
drinking water. HPLC-MS/MS, LOQ = 0.1 µg/L 

Body fluids and tissues (principle of method and 
LOQ) (Annex IIA, point 4.2) 

Relevant residues for monitoring human body fluid and 
tissues were PBC and IPBC. In blood and muscle IPBC 
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degraded rapidly (to PBC) and it was not possible to 
determine IPBC residues above 70%. 

Analysis was done by HPLC using reversed-phase liquid 
chromatography and a water / methanol gradient on a 
C18-column.  

Detection was made with a MS/MS system using 
positive electrospray ionisation. 

LOQ for PBC and IPBC in urine and blood at 0.05 mg/L.  

LOQ for PBC and IPBC in meat at 0.1 mg/L. 

Food/feed of plant origin (principle of method and 
LOQ for methods for monitoring purposes) (Annex 
IIIA, point IV.1) 

Not necessary. The use of IPBC as an in-can preservative 
result to a low concentration of IPBC in the end-product 
(0.1%). Therefore, the amount of IPBC transferred to 
food or feeding stuff from material treated with the end-
product is considered to be negligible (see Doc. IIB 
chapter 8.2.2.1). 

Food/feed of animal origin (principle of method 
and LOQ for methods for monitoring purposes) 
(Annex IIIA, point IV.1) 

Not necessary. See above. 

 

Chapter 3: Impact on Human Health 

 

Absorption, distribution, metabolism and excretion in mammals (Annex IIA, VI.6.2) 

Rate and extent of oral absorption: >90% based on urinary excretion (~57-71%) and exhaled 
air (~18-24%) within 72 hours.  

Rate and extent of dermal absorption:  
1.6 % (17% IPBC in xxxxxxxx)  

10 % (2.4% IPBC in xxxxxxxx)  

30 %  (0.6% IPBC in xxxxxxx)  
100% default for solutions containing <0.5%-0.6% IPBC 
1.6% for solid formulations and dried solutions 
(based on in vitro human skin study (Jack & Dunsire, 
1995).  

Distribution: Uniformly distributed 

Potential for accumulation: No evidence for bioaccumulation 

Rate and extent of excretion: > 77-99% within 72 hours mainly via urine (57.3 to 
70.7%). Excretion in exhaled air were 18.3 to 24.0% and 
in faces 4.4%-7.4%. 

Toxicologically significant metabolite Iodine 

 

Acute toxicity (Annex IIA, VI.6.1) 

Rat LD50 oral 300 – 500 mg/kg bw,                                            R22 
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Rat LD50 dermal > 2000 mg/kg bw/day 

Rat LC50 inhalation > 6.89 mg/L technical IPBC (for not respirable dust) 
0.67 mg IPBC/L for respirable dust                     R23 
0.763 mg IPBC/L for respirable liquid aerosol    R23 

Skin irritation Non-irritant 

Eye irritation Severe eye-irritant                                               R41 

Skin sensitization (test method used and result) Sensitizing (M&K)                                              R43 
 

 

Repeated dose toxicity (Annex IIA, VI. 6.3, 6.4, and 6.5) 

Species/ target / critical effect Rat (oral): 
reduced body weight and body weight gain , increased 
organ weights (liver and kidney) and increased iron 
concentration  Histopathological changes in the stomach.  

Lowest relevant oral NOAELshort-term 35 mg/kg bw/day (90 day gavage rat) 

Lowest relevant oral NOAELlong-term  20 mg/kg bw/day (2 years oral rat) 

Lowest relevant dermal NOAEL 90-day dermal study in rats: 
200 mg/kg bw/day, 

Lowest relevant inhalation NOAEL  90-day inhalation study in rats:  
1.16 mg/m3 

R37: Irritating to respiratory system. 

 

Genotoxicity (Annex IIA, VI.6.6) The overall weight of evidence indicates that IPBC is not 
a genotoxic substance. 
 

 

Carcinogenicity (Annex IIA, VI.6.7) 

Species/type of tumour No evidence for carcinogenic potential in rats and mice 

lowest dose with tumours Not applicable 

 

Reproductive toxicity (Annex IIA, VI.6.8) 

Species/ Reproduction target / critical effect Rat: 
Parents: clinical signs and local effects on the stomach. 
 
Developmental: in F1 generation reduced pup viability 

and cumulative survival index. Reduced pup weight (F1 

and F2 females) and increased incidence of pups without 

milk in stomach and/or bitten or cannibalized at 

maternal toxic doses 

Reproduction: Reduced fertility/mating index at 
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maternal toxic doses. 
 

Lowest relevant reproductive NOAEL  Parental: 10 mg/kg bw/day 
Developmental: 10 mg/kg bw/day 
Reproductive: 30 mg/kg bw/day 

Species/Developmental target / critical effect Rabbit: 
Maternal: not statistically significant reduced food 
consumption in week 1 and one animal that refused to 
eat due to stomach irritations resulted in body weight 
loss and subsequent pre-scheduled sacrifice of this 
animal. 
Developmental: no treatment related findings 

Lowest relevant developmental NOAEL  Dams: 10 mg/kg bw/day 
Developmental: 40 mg/kg bw/day 

 

Neurotoxicity  (Annex IIIA, VI.1) 

Species/ target/critical effect Rat:  
Systemic: reduced body weight gain/body weight and 
food consumption at 50 and 120 mg/kg bw/day  (m+f) 
No signs of neurotoxicity have been observed after acute 
and subchronic oral treatment. 

Lowest relevant neurotoxicity NOAEL  120 mg/kg bw/day (90 days oral rat neurotoxicity study) 

 

Other toxicological studies (Annex IIIA, VI/XI) 

 No data available - not required  

 

Medical data (Annex IIA, VI.6.9) 

 No evidence of adverse effects to workers of 
manufacturing plants or professional painters.  
Skin sensitisation in workers/patients reported. 
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Summary (Annex IIA, VI.6.10) Value Study Safety factor 

ADI (if residues in food or feed) 0.2 mg/kg bw/day 
(no correction for oral 
absorption) 
relevant for the 
intended use  

2-years rats study  
 

100 

AELlong term  
 

0.2 mg/kg bw/day 
 

2-years rats study 
 

100 

AELmedium-term  
 

0.35 mg/kg bw/day 90-day gavage rat 
study   
 

100 

AELacute   0.35 mg/kg bw/day 90-day gavage rat 
study   

100 

ARfD (acute reference dose) 0.35 mg/kg bw/day 
(no correction for oral 
absorption) 

90-day gavage rat 
study   

100 
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Acceptable exposure scenarios (including method of calculation*) 

Industrial use Acceptable uses identified (with PPE) in the risk 
characterization of systemic effects 
(For details of %AEL and MOE (margin of exposure) refer to 
doc IIB for the different scenarios.) 

Professional use Acceptable uses identified (with PPE) ) in the risk 
characterization of systemic effects. 
(For details of %AEL and MOE (margin of exposure) refer to 
doc IIB for the different scenarios.) 

Amateur use Acceptable uses identified in the risk characterization of 
systemic local effects. 
(For details of %AEL and MOE (margin of exposure) refer to 
doc IIB for the different scenarios.) 

Secondary exposure  Secondary exposure levels are low and acceptable. 
(For details of %ADI/AEL and MOE (margin of exposure) 
refer to doc IIB for the different scenarios.) 

* please refer to Table 1-2 and Table 1-3 in doc IIC and doc IIB regarding methods of calculation.
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Chapter 4: Fate and Behaviour in the Environment 

 
Route and rate of degradation in water (Annex point IIA, VII.7.6; Annex point IIIA, XII.2.1, 2.2) 

Hydrolysis of active substance and relevant 
metabolites (DT50) (state pH and temperature)  

pH 4: 267 days (25°C) 
pH 4: 755 days (12oC) 

 pH 7: 248 days (25°C) 
pH 7: 702 days (12oC) 

 pH 9: 229 – 539 days (25°C) 
pH 9: 648 – 1525 days (12oC) 
 
pH 9: 11.8 days (50°C) 
no major metabolites 

Photolytic / photo-oxidative degradation of active 
substance and resulting relevant metabolites 

IPBC is stable to direct and indirect photolysis in the 
aquatic environment as demonstrated for sterilized buffer 
and natural pond water at 25oC for up to 3 days 

Readily biodegradable (yes/no) No 

Inherent biodegradability IPBC is primary biodegradable according to Zahn-
Wellens test. IPBC degrades rapidly (within 2 hours) to 
PBC.  

Biodegradation in seawater A study on biodegradation in seawater is not required for 
PT 6.  

Anaerobic water/sediment study: 
 DT50 total systems (nonsterile) 
 
 
 DT90 total systems (nonsterile) 
 
 
 DT50 total systems (sterile) 
 
 
 DT90 total systems (sterile) 
 
 
 
 
 DT50 total systems (nonsterile) 
 
 DT90 total systems (nonsterile) 
 
 
                        Mineralization (nonsterile) 
 

IPBC:  
1.5 hours (for the total system at 22oC) 

3.3 hours (for the total system at 12oC) 

5.0 hours (for the total system at 22oC) 

11 hours (for the total system at 12oC) 

13.3 hours at 22°C 
29 hours at  12oC 
 
44.3 hours at 22°C 
96 hours at 12oC 
 
 
PBC: 
11.5 days at 22°C 
25 days at 12oC 
38.4 days at 22°C 
83 days at 12oC 
 
Mineralization is 10% after 120 days in nonsterile 
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                         Mineralization (sterile) 

continuous N2 flow samples 
21% after 119 days in nonsterile enclosed samples 
42% after 93 days in nonsterile static samples 
Mineralization 0% 

Non-extractable residues 3.9 – 6.3 % AR after 162/119 days 

Distribution in water / sediment systems (active 
substance) 

78% remained in the water phase and less than 10% in 
the sediment (at day 0) 

Distribution in water / sediment systems 
(metabolites) 

Propargyl butyl carbamate (PBC): 
Up to 88.6 % was available in the water phase (at 8 

hours)  

Up to 13.3% was available in the sediment (at 4 hours) in 

nonsterile static samples. 

Up to  20.9 %  (at day 1) was available in sterile  static 

samples. 

2-propenyl butyl carbamate (2-PBC): 
Surface water:   
- up to  34.7 % at day 59 in nonsterile static samples. 
- up to 35.4 % at day Day 59 in nonsterile enclosed 

static samples 
 
Sediment:  
- up to  8.0 % at day 59 in nonsterile static samples  
- up to 8.8 %  at day 93 in nonsterile enclosed static 

samples 

 

 

Route and rate of degradation in soil (Annex point IIIA, VII.4, XII.1.1, XII.1.4; Annex VI, para. 85) 

Mineralization (aerobic) 75.3 % AR after 21 days (nonsterile, 22°C, n = 1) 
5.3 % AR after 14 days (nonsterile, 5°C, n = 1) 

2.3 % AR after 28 days (sterile, 22°C, n = 1) 

Laboratory studies (range or median, with number 
of measurements, with regression coefficient) 

DT50lab (22C, aerobic):   2.1 hours (n = 1) 
DT50lab (12C, aerobic):  4.7 hours (calculated according 
to Arrhenius) 

 DT90lab (22C, aerobic):   7.1 hours (n = 1) 
 

 DT50lab (5C, aerobic):   8.6 hours (n = 1) 
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 DT50lab (22C, anaerobic):  1.5 hours in anaerobic 
water/sediment systems 

Field studies (state location, range or median with 
number of measurements) 

DT50f:  not required due to fast degradation of IPBC in 
soil (DT50lab = 2.1 hours at 22°C) 

 DT90f: not required due to fast degradation of IPBC in 
soil (DT90lab = 7.1 hours) 

Anaerobic degradation See anaerobic water/sediment study 

Soil photolysis Not required because the degradation of IPBC in soil is 
primarily microbially mediated. 

Non-extractable residues  21.4% AR after 14 days which is the maximum value 
(nonsterile, 22°C, n = 1) 
9.6 % AR after 14 days (nonsterile, 5°C, n = 1) 
3.0 % AR after 28 days (sterile, 22°C, n = 1) 

Relevant metabolites - name and/or code, % of 
applied active ingredients (range and maximum) 

Propargyl butyl carbamate (PBC): 95 % AR after 
12 hours  
DT50: 10 days at 12oC (calculated according to 
Arrhenius) 

Soil accumulation and plateau concentration  Not required due to fast degradation of IPBC in soil 
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Adsorption/desorption (Annex point IIA, XII.7.7; Annex point IIIA, XII.1.2) 

Ka , Kd 
Kaoc , Kdoc 

 
 
pH dependence (yes / no) (if yes type of 
dependence) 

Ka: 0.676 – 2.46; Kd: 3.43 – 31.3  (n =5) 
KaOC: 61.0 – 309; KdOC: 457 – 4065  (n =5) 
Geomean 113.5 (log 2.1) 
Arithmetic mean: 134.5 
Koc (HPLC method): 126 (log Koc = 2.1) 
no 
 

KOC PBC 198.1 (estimated by PCKOC v1.66) 

 
 
Fate and behaviour in air (Annex point IIIA, VII.3, VII.5) 

Direct photolysis in air Not studied – no data request 

Quantum yield of direct photolysis No significant absorption > 290 nm. Therefore, quantum 
yield of direct photolysis was not determined. 

Photo-oxidative degradation in air DT50 of 15 hours (for OH radical reaction) derived by the 
Atkinson method of calculation. 

Volatilization IPBC is only slightly volatile (vapour pressure = 2.36 - 
1.4 x 10-3 Pa). 

 

 

Monitoring data, if available (Annex VI, para. 44) 

Soil (indicate location and type of study) No monitoring data for the EU have been reported. 

Surface water (indicate location and type of study) No monitoring data for the EU have been reported. 

Ground water (indicate location and type of study) No monitoring data for the EU have been reported. 

Air (indicate location and type of study) No monitoring data for the EU have been reported. 
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Chapter 5: Effects on Non-target Species 

 

Toxicity data for aquatic species (most sensitive species of each group) for IPBC 

(Annex IIA, VII. 7.1 - 7.4,  Annex IIIA, XII. 2.2 and XII 2.4) 

Species Time-scale Endpoint Toxicity 

Fish 

Rainbow trout 
(Oncorhynchus mykiss) 
 
Fathead minnow 
(Pimephales promelas) 

96 hours  
 
 
35 days  

Mortality 
 
 
Larval growth (length 
and weight) 

LC50: 0.067 mg/L 
NOEC: 0.049 mg/L 
 
NOEC: 0.0084 mg/L 

Invertebrates 

Daphnia magna 

 
 
Daphnia magna 

48 hours 
 
 
21 days 

Mortality 
 
 
Mortality, reproduction 
and growth effects  

EC50: 0.160 mg/L 
EC0: 0.076 mg/L 
 
NOEC: 0.050 mg/L 

Algae 

Scenedesmus subspicatus  
 
 

72 hours  Growth inhibition  EbC50: 0.022 mg/L 
ErC50: 0.053 mg/L 
NOEC 0.0046 mg/L 

Microorganisms 

Activated sludge 3 hours  Respiration inhibition  EC50: 44 mg/L 

 

 

Toxicity data for aquatic species (most sensitive species of each group) for PBC 

(Annex IIA, VII. 7.1 - 7.3) 

Species Time-scale Endpoint Toxicity 

Fish 

Rainbow trout 
(Oncorhynchus mykiss) 

96 hours  
 

Mortality 
 

LC50: 85.0 mg/L 
 

Invertebrates 

Daphnia magna 

 

48 hours 
 

Mortality 
 

EC50: 60 mg/L 
EC0: 17 mg/L 

Algae 

Selenastrum capricornutum 
 
 

96 hours  Growth inhibition  EbC50: > 41.3 mg/L 
ErC50: > 41.3 mg/L 
NOEC: 21.2 mg/L 
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Effects on earthworms or other soil non-target organisms  

(Annex IIIA, XIII.3.2) 

Acute toxicity to earthworm 
(Annex IIIA, point XIII.3.2) 

LC50: > 1000 mg/kg dry soil  

Reproductive toxicity to  ………………………… 
(Annex IIIA, point XIII.3.2) 

Not required   

 
Effects on soil micro-organisms   

(Annex IIA, VII.7.4) 

Nitrogen mineralization EC50 value could not be determined  

Carbon mineralization EC50: 312.5 mg/ kg dry soil 

 

Effects on plants  

(Annex IIIA, XIII.3.4) 

Toxicity to plants (Avena sativa) EC50: 4.92 mg/kg dry soil (based on fresh weigh 
reduction) 

 

Effects on terrestrial vertebrates 

Acute toxicity to mammals  
(Annex IIIA, point XIII.3.3) 

Not required for Product type 6 

Acute toxicity to birds 
(Annex IIIA, point XIII.1.1) 

Not required for Product type 6 

Dietary toxicity to birds 
(Annex IIIA, point XIII.1.2) 

Not required for Product type 6 

Reproductive toxicity to birds 
(Annex IIIA, point XIII.1.3) 

Not required for Product type 6 

 

Effects on honeybees (Annex IIIA, point XIII.3.1) 

Acute oral toxicity Not required for Product type 6 

Acute contact toxicity Not required for Product type 6 

 
Effects on other beneficial arthropods (Annex IIIA, point XIII.3.1) 

Acute oral toxicity Not required for Product type 6 

Acute contact toxicity Not required for Product type 6 

Acute toxicity to ………………………………….. Not required for Product type 6 

 
 

Bioconcentration (Annex IIA, point 7.5) 

Bioconcentration factor (BCF) Not relevant for IPBC (see Doc. IIIA, Section 7.4.2 and 
Section 7.5.5) 
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Depration time (DT50) 
 (DT90) 

Not relevant for IPBC (see Doc. IIIA, Section 7.4.2 and 
Section 7.5.5) 

Level of metabolites (%) in organisms accounting 
for > 10 % of residues 

Not relevant for IPBC (see Doc. IIIA, Section 7.4.2 and 
Section 7.5.5) 

  
 
  

Chapter 6: Other End Points 

Not applicable, no other end points 
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Appendix II: List of Intended Uses 

 

Summary of intended uses for IPBC-based in-can preservation products (PT6) 

Object 

and/or 

situation 

Member 

State 

or 

Country 

Product 

name 
Organisms 

controlled 
 

 
Formulation 

 

Application  

 

Applied amount  per 

treatment 

 

Remarks: 
 

 
(a) 

   
(c) 

Type 
  (d-f) 

Conc. 
of as 
(i) 

method 
kind 
(f-h) 

number 
min   max 

(k) 

interval 
between 

applications 
(min) 

g as/L 
min   
max 

water 
L/m2 

min   
max 

g as/m2 
min   max 

 
(m) 

In-can 
preservation 

EU n.a. Fungi 
including 

yeasts 

n.a. 10%- 
30% 

The in-can preservation product 
containing IPBC is added to the 
products to be preserved in an 
automated process. 
The end-products cover washing and 
cleaning fluids and other detergents, 
paints and coatings, fluids used in 
textile production and glues and 
adhesives for indoor use. 
One application  / can 

The concentration of IPBC in the 
product to be preserved is in the 
range of 0.01% to 1.0%   

In-can preservation 
process: Professionals  
End products can be used 
by professionals and 
amateurs.  

(a) e.g. biting and suckling insects, fungi, molds;  
(b) e.g. wettable powder (WP), emulsifiable concentrate (EC), granule (GR) 
(c) GCPF Codes - GIFAP Technical Monograph No 2, 1989 ISBN 3-8263-3152-4);  
(d) All abbreviations used must be explained 
(e) g/kg or g/l;  
(f) Method, e.g. high volume spraying, low volume spraying, spreading, dusting, drench; 
(g) Kind, e.g. overall, broadcast, aerial spraying, row, bait, crack and crevice equipment used must be indicated; 
(h) Indicate the minimum and maximum number of application possible under practical conditions of use; 
(i) Remarks may include: Extent of use/economic importance/restrictions 
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Appendix III: List of studies 

 
The Doc IIIA Reference list sorted by Section No: 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A3.1.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Jungheim 

 

 

2000 Preventol MP 100 - Physicochemical properties 
Source: Bayer AG, Leverkusen, Germany 
Report No.: N 00/0070/02 LEV 
GLP; (unpublished) 
Doc. No.: 112-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A3.1.1/02 

 

Submitted 
with the PT8 
BPD dossier 

Rodriguez, O. 

 

1990 Melting Point of TROYSAN Polyphase P100 3-
Iodo-2-Propynyl Butyl Carbamate 
Source: Troy Corporation, USA 
Report No.: TC-0236 
TAL 8/20/90 
GLP; (unpublished) 
Doc. No.: 112-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.1.1/03 

 

Submitted 
with the PT8 
BPD dossier 

Polson, G. 1994 Physical and chemical properties of 3-iodo-2-
propynylbutylcarbamate (Omacide IPBC) 
Source: Olin Research Center, Cheshire 
Report No.: 93B02IPBC 
GLP; (unpublished) 
Doc. No.: 119-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A3.1.1/04 

 

Submitted 
with the PT8 
BPD dossier 

Morrissey, M.A. 1997 Product chemistry determinations of IPEX 1000 
(Color, Physical State) 
Source: Corning Hazleton Inc., Virginia, USA 
Report No.: CHW 6752-101 
GLP; (unpublished) 
Doc. No.: 119-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A3.1.3/01 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous 1990 True density of TROYSAN Polyphase P100 
Source: Quantachrome Corporation, N.Y., United 
States 
Report No.: TC-0246 
90-1478 
GLP; (unpublished) 
Doc. No.: 113-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.2.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Görg, J. 2004 Calculation fo the Henry´s Law Constant - Active 
Substance IPBC 3-Iodo-2-propynyl-
butylcarbamate 
Source: Scientific Consulting Company, 
Wendelsheim, Germany 
Report No.: 824-006 
Not GLP; (unpublished) 
Doc. No.: 115-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, ISP, 
LANXESS, 
DOW, TROY) 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A3.2/01 

 

Submitted 
with the PT8 
BPD dossier 

Olf 2000 Preventol MP 100 - Vapor pressure, Physical-
chemical properties 
Source: Bayer AG, Leverkusen, Germany 
Report No.: 00/024/01 
GLP; (unpublished) 
Doc. No.: 115-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A3.2/02 

 

Submitted 
with the PT8 
BPD dossier 

Schneider, U. 2002 Final Report: IPBC Determination of the Vapour 
Pressure 
Source: Infracor Chemistry Services 
Report No.: AN-ASB 0202 
GLP; (unpublished) 
Doc. No.: 115-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A3.4/01 

 

Submitted 
with the PT8 
BPD dossier 

Seelemann 2000 Preventol MP 100 - Identity/ Spectra 
Source: Bayer AG, Leverkusen, Germany 
Report No.: N 00/0070/00 LEV 
GLP; (unpublished) 
Doc. No.: 117-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A3.4/02 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous 1997 Spectra for IPBC: GC-MS, UV, IR 
Source: Olin Central analytical Laboratory, 
Cheshire 
Report No.: grl 2/6/97 
Not GLP; (unpublished) 
Doc. No.: 117-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A3.4/03 

 

Submitted 
with the PT8 
BPD dossier 

Lloyd, G.R. 1997 3-Iodo-Propynyl-Butyl-Carbamate (IPBC) - NMR 
traces 
Source: Olin Central analytical Laboratory, 
Cheshire 
Report No.: 19/8/97 
Not GLP; (unpublished) 
Doc. No.: 117-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A3.4/04 

 

Submitted 
with the PT8 
BPD dossier 

Wojcieck, B.C. 1994 IPBC - Ultraviolet-Visible Absorption Spectrum 
(Amended Report) 
Source: Ricerca, LLC, Painesville OH 
Report No.: TC-0617 
4257-93-0276-AS-001-002 
GLP; (unpublished) 
Doc. No.: 117-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.5/01 

 

Submitted 
with the PT8 
BPD dossier 

Morrissey, M.A. 1997 Solubility determination of IPEX 1000 
Source: Covance Laboratories Inc., Virginia 
Report No.: Covance 6752-105 
GLP; (unpublished) 
Doc. No.: 114-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A3.5/02 

 

Submitted 
with the PT8 
BPD dossier 

Jungheim 2000 Preventol MP 100 - Water solubility 
Source: Bayer AG, Leverkusen, Germany 
Report No.: N 00/0070/03 LEV 
GLP; (unpublished) 
Doc. No.: 114-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A3.5/03 

 

Submitted 
with the PT8 
BPD dossier 

Cameron, B.D. 
Machon, A. 

1986 The solubility of IPBC in buffers pH 5.0, 7.0 and 
9.0 incubated at 25 °C 
Source: Inveresk Research Institute 
Report No.: TC-0244 
135124 
4166 
GLP; (unpublished) 
Doc. No.: 114-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.6/01 

 

Submitted 
with the PT8 
BPD dossier 

Siemann, L. 1990 Analysis of Polyphase P100 - Dissociation 
Constant (63-10) 
Source: Midwest Research Institute, Kansas City, 
United States 
Report No.: TC-0247 
9555-F(01) 
GLP; (unpublished) 
Doc. No.: 115-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.9/01 

 

Submitted 
with the PT8 
BPD dossier 

Jungheim 2000 Preventol MP 100 - Partition coefficient (n-
octanol/water) 
Source: Bayer AG, Leverkusen, Germany 
Report No.: N 00/0070/04 LEV 
GLP; (unpublished) 
Doc. No.: 114-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A3.9/02 

 

Submitted 
with the PT8 
BPD dossier 

Siemann, L. 1990 Analysis of Polyphase P100 - Octanol/Water 
Partition coefficient (63-11) 
Source: Midwest Research Institute, Kansas City, 
United States 
Report No.: TC-0248 
9555-F (01) 
GLP; (unpublished) 
Doc. No.: 114-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.10/01 

 

Submitted 
with the PT8 
BPD dossier 

Polson, G. 1997 Physical and chemical properties of 3-Iodo-2-
Propynylbutylcarbamate (IPBC-100) 
Source: Olin Central analytical Laboratory, 
Cheshire 
Report No.: 18-94B07IPBC 
GLP; (unpublished) 
Doc. No.: 146-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A3.10/02 

 

Submitted 
with the PT8 
BPD dossier 

Lezotte, F. 
MacGregor, J. 
Chafey, K. 
Nixon, W.B. 

2001 Determination of storage stability of IPBC 
technical (PROTRAM 98) at ambient and 
elevated temperatures (Interim Report - Elevated 
temperature phase) 
Source: Wildlife International Ltd., Easton, 
Maryland, USA 
Report No.: 526C-103 
GLP; (unpublished) 
Doc. No.: 146-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A3.10/03 

 

Submitted 
with the PT8 
BPD dossier 

Sinning, D.J. 1999 Physical and Chemical Characteristics of 
TROYSAN Polyphase 100 - Stability 
Source: Case Consulting Laboratories, Inc., 
Whippany, N.J., United States 
Report No.: TC-0926 
650-25 
GLP; (unpublished) 
Doc. No.: 146-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A3.11/01 

 

Submitted 
with the PT8 
BPD dossier 

Lindemann, M. 2004 Determination of the flammability of IPBC 
technical 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 851398 
GLP; (unpublished) 
Doc. No.: 142-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, 
LANXESS,  
TROY) 

A3.11/02 

 

Submitted 
with the PT8 
BPD dossier 

Lindemann, M. 2004 Determination of the relative self-ignition 
temperature of IPBC technical 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 851402 
GLP; (unpublished) 
Doc. No.: 142-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, 
LANXESS, 
TROY) 

A3.13/01 

 

Submitted 
with the PT8 
BPD dossier 

Olf 2000 Preventol MP 100 - Surface tension, physical-
chemical properties 
Source: Bayer AG, Leverkusen, Germany 
Report No.: 00/024/03 
GLP; (unpublished) 
Doc. No.: 116-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A3.15 

 

Submitted 
with the PT8 
BPD dossier 

Görg, J. 2005 Statement on the explosive properties of 3-
Iodopropynylbutyl Carbamate (IPBC) 
Source: Scientific Consulting Company, 
Wendelsheim, Germany 
Report No.: 824-009 
Not GLP; (unpublished) 
Doc. No.: 141-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, ISP, 
LANXESS,  
TROY) 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A3.16 

 

Submitted 
with the PT8 
BPD dossier 

Görg, J. 2005 Statement on the oxidising properties of 3-
Iodopropynylbutyl Carbamate (IPBC) 
Source: Scientific Consulting Company, 
Wendelsheim, Germany 
Report No.: 824-009 
Not GLP; (unpublished) 
Doc. No.: 143-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, ISP, 
LANXESS, 
TROY) 

A4.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous 1993 Water quality - determination of sodium and 
potassium - Part 1: Determination of sodium by 
atomic absorption spectrometry 
Source: International Organization for 
Standardization, Switzerland, International 
Standard, ISO 9964-1, First edition 1993-05-01; 
UDC 614.777:556.114:543.42:546.33 
Report No.: ISO 9964-1:1993(E) 
Not GLP; (published) 
Doc. No.: 492-003 

No N.R. 

A4.1/02 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous N.I. MT 81 Soluble Alkalinity 
Source: Miscellaneous Techniques and 
Impurities, pp. 215-217 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 492-004 

No N.R. 

A4.2a/01 

 

Submitted 
with the PT8 
BPD dossier 

Bruckhausen, 
P. 

2004 Development and validation of a residue 
analytical method for IPBC and its metabolite 
PBC in soil 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 851400 
GLP; (unpublished) 
Doc. No.: 434-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
LANXESS, 
DOW, TROY) 

A4.2c/01 

 

Submitted 
with the PT8 
BPD dossier 

Bruckhausen, 
P. 

2004 Development and validation of the residue 
analytical method for the determination of IPBC 
and ist metabolite PBC in drinking, ground and 
surface water 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 851401 
GLP; (unpublished) 
Doc. No.: 435-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, 
LANXESS, 
TROY) 

A4.2d/01 

 

Submitted 
with the PT6 
BPD dossier 

Reisinger, T. 2008 Summary of Preliminary Results - Development 
and validation of the residue analytical method for 
the determination of IPBC and its metabolite PBC 
in Body Fluids and Tissue 
Source: Scientific Consulting Company, 
Wendelsheim, Germany 
Report No.: B49443 
Not GLP; (unpublished) 
Doc. No.: 433-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, ISP, 
LANXESS, 
TROY) 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A4.2d/01 

 

Submitted 
with the PT6 
BPD dossier 

Düsterloh, K. 2008 IPBC, PBC - Development and validation of a 
residue analytical method for the determination of 
IPBC and its metabolite PBC in body fluids and 
tissue.  
Source: RCC Ltd, Itingen Switzerland 
Report No.: B49443 
GLP; (unpublished) 
Doc No. 433-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, ISP, 
LANXESS, 
TROY) 

A6.1.1/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2000 Preventol MP 100 - Acute oral toxicity study in 
male and female wistar rats 
Source: XXXX 
Report No.: XXXX 30455 
T4069982 
GLP; (unpublished) 
Doc. No.: 521-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.1.2/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2000 Preventol MP 100 - Acute dermal toxicity study in 
male and female wistar rats 
Source: XXXX 
Report No.: XXXX 30454 
T3069981 
GLP; (unpublished) 
Doc. No.: 522-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.1.3/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1985 Acute inhalation limit test in rats 3-iodo-2-
propynyl butyl carbamate 
Source: XXXX  
Report No.: TC-0007 
Not GLP; (unpublished) 
Doc. No.: 523-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.1.3/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1990 TROYSAN Polyphase P-100 - Acute inhalation 
toxicity study in the rat 
Source: XXXX 
Report No.: TC-0004 
90-8277 
GLP; (unpublished) 
Doc. No.: 523-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.1.4/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2000 Acute skin irritation test (patch test) of Preventol 
MP 100 in rabbits 
Source: XXXX  
Report No.: XXXX 7891 
9300/450/95 
XXXX 8069193 
GLP; (unpublished) 
Doc. No.: 565-008 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.1.4/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1998 Primary eye irritation - IPEX 1000 
Source: XXXX 
Report No.: 6042 
GLP; (unpublished) 
Doc. No.: 566-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A6.1.5/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX. 1998 Dermal sensitization test - Buehler Method - IPEX 
1000 
Source: XXXX 
Report No.: 6044 
GLP; (unpublished) 
Doc. No.: 567-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A6.1.5/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1993 TROYSAN Polyphase P-100 - The guinea pig 
maximization test 
Source: XXXX 
Report No.: TC-0020 
14148 
GLP; (unpublished) 
Doc. No.: 567-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.1.5/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Preventol MP 100 - Study for the skin 
sensitization effect in guinea pigs (Guinea pig 
maximization test according to Magnusson and 
Kligman) 
Source: XXXX  
Report No.: XXXX 30653 
XXXX 5069983 
GLP; (unpublished) 
Doc. No.: 567-010 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.2/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1995 Metabolism of 14C-IPBC in rats 
Source: XXXX 
Report No.: XXXX 6491-100 
TC-0457 
GLP; (unpublished) 
Doc. No.: 512-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.2/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1995 The in vitro percutaneous absorption through 
human abdominal epidermis of [14C]-IPBC (3-
Iodo-2-Propynyl-N-Butyl-Carbamate) 
Source: XXXX 
Report No.: 155046 
12367 
TC0510 
GLP; (unpublished) 
Doc. No.: 511-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.3.1/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Preventol MP 100 - 3-iodo-2-propynyl-n-butyl 
carbamate (IPBC) - Study for subacute oral 
toxicity in rats (gavage study over 4 weeks and 2 
weeks recovery period) 
Source: XXXX 
Report No.: XXXX 30948 
T6069830 
GLP; (unpublished) 
Doc. No.: 532-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.3.1/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1986 Iodopropynylbutyl carbamate (IPBC) 4 week 
dieatry dose range finding study in rats 
Source: XXXX 
Report No.: TC-0130 
435046 
3623 
GLP; (unpublished) 
Doc. No.: 532-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.3.1/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1986 Establishment of methodology and the routine 
analysis of Iodopropynylbutyl Carbamate in diets 
prepared for a 4 week dose range finding study 
(XXXX Project No. 435046) in the Rat 
Source: XXXX 
Report No.: 335018 
4224 
TC0409b 
GLP; (unpublished) 
Doc. No.: 437-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.3.1/04 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1996 A 2-week range-finding study of TROYSAN 
Polyphase P100 in the rabbits via dietary 
administration 
Source: XXXX 
Report No.: 95-2395 
TC0477 
GLP; (unpublished) 
Doc. No.: 531-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.3.1/05 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1987 Iodopropynylbutyl carbamate (IPBC) 8 week 
dietary dose range finding study in mice 
Source: XXXX 
Report No.: 5021 
436144 
TC0409c 
GLP; (unpublished) 
Doc. No.: 533-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.3.3/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - 2-week repeat dose inhalation 
toxicity study in rats 
Source: XXXX  
Report No.: XXXX 6/932373 
GLP; (unpublished) 
Doc. No.: 531-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.3.3/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - 5-day repeat dose inhalation 
toxicity study in rats 
Source: XXXX 
Report No.: XXXX 8/942212 
GLP; (unpublished) 
Doc. No.: 531-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.4.1/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2002 Repeated dose toxicity 90-day oral toxicity study 
in rats with IPBC technical (Protram TM 98) 
Source: XXXX  
Report No.: 20-4-0132-01 
GLP; (unpublished) 
Doc. No.: 533-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A6.4.1/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1984 90-Day subchronic oral toxicity test in rats 
Source: XXXX 
Report No.: TC-0117 
GLP; (unpublished) 
Doc. No.: 533-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.4.1/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1997 A subchronic (3-month) toxicity study of 
TROYSAN Polyphase P100 in the rabbits via 
dietary administration 
Source: XXXX 
Report No.: 95-2396 
TC0478 
GLP; (unpublished) 
Doc. No.: 533-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.4.2/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1991 91-day dermal toxicity study in rats with 
TROYSAN Polyphase P-100 
Source: XXXX  
Report No.: TC-0113 
3228.14 
GLP; (unpublished) 
Doc. No.: 534-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.4.3/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - 13-week inhalation toxicity study 
in rats 
Source: XXXX 
Report No.: XXXX 7/942772 
GLP; (unpublished) 
Doc. No.: 535-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.4.3/02 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous 1995 Plasma, Erythrocyte and Brain Cholinesterase 
Background Data 
Source: Not applicable 
Report No.: Not indicated 
Not GLP; (unpublished) 
Doc. No.: 535-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.6.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Herbold, B. 2001 Preventol MP 100 - Salmonella/Microsome test 
plate incorporation and preincubation method 
Source: Bayer AG, Leverkusen, Germany 
Report No.: PH 30864 
T0069537 
GLP; (unpublished) 
Doc. No.: 557-008 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.6.2/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Preventol MP 100 - In vitro chromosome 
aberration test with chinese hamster V79 cells 
Source: XXXX 
Report No.: XXXX 30824 
T1069538 
GLP; (unpublished) 
Doc. No.: 557-007 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.6.3/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Preventol MP 100 - V79/HPRT-Test in vitro for 
the detection of induced forward mutations 
Source: XXXX 
Report No.: XXXX 31132 
T2069539 
GLP; (unpublished) 
Doc. No.: 557-009 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A6.6.4/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1993 Omacide IPBC - Micronucleus cytogenetic assay 
in mice 
Source: XXXX 
Report No.: XXXX 727.122 
GLP; (unpublished) 
Doc. No.: 557-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.7/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1989 3-iodo-2-propynyl butyl carbamate (IPBC) 104 
week dietary carcinogenicity study in rats 
(Volume 1 and 2) 
Source: XXXX 
Report No.: TC-0411 
435580 
GLP; (unpublished) 
Doc. No.: 537-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.7/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1988 3-iodo-2-propynyl butyl carbamate (IPBC) chronic 
dietary toxicity study in rats 
Source: XXXX 
Report No.: 5261 
XXXX 435580 
TC1417 
GLP; (unpublished) 
Doc. No.: 537-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.7/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1995 Review and interpretation of selected thyroid and 
forestomach lesions in the carcinogenicity study 
of 3-iodo-2-propynyl butyl carbamate (IPBC) in 
sprague-dawley rats 
Source: XXXX 
Report No.: TC-0476 
Not GLP; (unpublished) 
Doc. No.: 581-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.7/04 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1989 IPBC 78 week dietary carcinogenicity study in 
mice Volume 1 to 3 (803 pages) 
Source: XXXX 
Report No.: TC-0409 
7304 
436165 
GLP; (unpublished) 
Doc. No.: 555-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.7/05 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1989 IPBC 78 week dietary carcinogenicity study in 
mice Volume 2 to 3 (803 pages) 
Source: XXXX 
Report No.: TC-0409 
XXXX 7304 
GLP; (unpublished) 
Doc. No.: 555-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.7/06 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1989 IPBC 78 week dietary carcinogenicity study in 
mice Volume 2 continued to 3 (803 pages) 
Source: XXXX  
Report No.: TC-0409 
XXXX 7304 
GLP; (unpublished) 
Doc. No.: 555-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.7/07 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1989 IPBC 78 week dietary carcinogenicity study in 
mice Volume 3 to 3 (803 pages) 
Source: XXXX 
Report No.: TC-0409 
XXXX 7304 
GLP; (unpublished) 
Doc. No.: 555-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.7/08 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1995 Pathology working group (PWG) report on the 78-
week dietary carcinogenicity study of 3-iodo-2-
propynyl butyl carbamate (IPBC) in cd-1-mice 
Source: Not indicated 
Report No.: TC-0458 
275-003 
GLP; (unpublished) 
Doc. No.: 555-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.7/09 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1988 Results of dietary analysis for IPBC for the 78 
week study in mice 
Source: XXXX 
Report No.: 436165 
336802 
GLP; (unpublished) 
Doc. No.: 437-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.8.1/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - Oral (Gavage) rabbit 
developmental toxicity dose ranging study 
Source: XXXX 
Report No.: XXXX /20/R 
GLP; (unpublished) 
Doc. No.: 551-007 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.8.1/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - Oral (Gavage) rabbit 
developmental toxicity study 
Source: XXXX 
Report No.: XXXX /26/R 
GLP; (unpublished) 
Doc. No.: 551-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.8.1/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - Oral (Gavage) rat development 
toxicity dose ranging study 
Source: XXXX 
Report No.: XXXX /18/R 
GLP; (unpublished) 
Doc. No.: 551-009 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.8.1/04 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Omacide IPBC - Oral (Gavage) rat development 
toxicity (Teratogenicity) study 
Source: XXXX 
Report No.: XXXX /19/R 
GLP; (unpublished) 
Doc. No.: 551-008 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.8.2/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1996 Omacide IPBC - Oral (Gavage) rat one 
generation (expanded to two generation) 
reproductive toxicity study (3 Volumes) 
Source: XXXX  
Report No.: XXXX /28/R 
GLP; (unpublished) 
Doc. No.: 553-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.8.2/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2003 Historical control data - Reprotoxicity study in rats 
(Background Pregnancy Data from 
Multigeneration, Fertility and Pre- and Post Natal 
Studies on the Sprague-Dawley rat 
Source: XXXX 
Report No.: Not indicated 
Not GLP; (unpublished) 
Doc. No.: 553-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.8.2/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1986 TROYSAN Polyphase - Preliminary study for a 
two generation oral reproduction study in the 
male sprague dawley rat 
Source: XXXX  
Report No.: TC-0126 
547-511/2 
GLP; (unpublished) 
Doc. No.: 553-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.8.2/04 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1986 TROYSAN Polyphase preliminary study for a two 
generation oral reproduction study in the female 
Sprague Dawley Rat 
Source: XXXX  
Report No.: 546-511/1 
TC1390 
GLP; (unpublished) 
Doc. No.: 553-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.8.2/05 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1987 TROYSAN Polyphase two generation oral 
(dietary administration) reproduction toxicity study 
in the rat (one litter per generation) 
Source: XXXX  
Report No.: TC-0128 
548-511/3 
GLP; (unpublished) 
Doc. No.: 553-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.8.2/06 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2004 Historical control data of two/one generation oral 
(Dietary Administration) reproduction toxicity 
studies 1984 to 1990 
Source: XXXX  
Report No.: Not indicated 
Not GLP; (unpublished) 
Doc. No.: 553-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.8.2/07 

 

Submitted 
with the PT8 
BPD dossier 

Shaw, D. 2004 To whom it may concern - IPBC purity 
Source: Troy Corporation, USA 
Report No.: Not applicable 
Not GLP; (unpublished) 
Doc. No.: 593-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.9/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2002 Acute oral dose range-finding study with 3-
iodopropynylbutyl carbamate (IPBC) 
administered by Gavage in CD rats 
Source: XXXX 
Report No.: 7071-100 
TC-1414 
GLP; (unpublished) 
Doc. No.: 541-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
ARCH 
Chemicals 

A6.9/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Acute oral neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) 
administered by gavage in CD rats - Volume 1 of 
3 
Source: XXXX  
Report No.: 7071-101 
TC-1059 
GLP; (unpublished) 
Doc. No.: 541-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
TROY 
Corporation 

A6.9/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Acute oral neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) 
administered by gavage in CD rats - Volume 2 of 
3 
Source: XXXX 
Report No.: 7071-101 
TC-1059 
GLP; (unpublished) 
Doc. No.: 541-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
TROY 
Corporation 

A6.9/04 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Acute oral neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) 
administered by gavage in CD rats - Volume 3 of 
3 
Source: XXXX 
Report No.: 7071-101 
TC-1059 
GLP; (unpublished) 
Doc. No.: 541-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
TROY 
Corporation 

A6.9/05 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2002 2-week dietary range-finding and palatability 
study with 3-iodopropynylbutyl carbamate (IPBC) 
in CD rats 
Source: XXXX 
Report No.: 7071-102 
TC 1415 
GLP; (unpublished) 
Doc. No.: 542-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.9/06 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 13-week dietary neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) in CD rats 
Volume 1 of 4 
Source: XXXX 
Report No.: 7071-103 
TC-1060 
GLP; (unpublished) 
Doc. No.: 542-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
TROY 
Corporation 

A6.9/07 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 13-week dietary neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) in CD rats 
Volume 2 of 4 
Source: XXXX 
Report No.: 7071-103 
TC-1060 
GLP; (unpublished) 
Doc. No.: 542-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
TROY 
Corporation 

A6.9/08 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 13-week dietary neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) in CD rats 
Volume 3 of 4 
Source: XXXX 
Report No.: 7071-103 
TC-1060 
GLP; (unpublished) 
Doc. No.: 542-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
ARCH 
Chemicals 

A6.9/09 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 13-week dietary neurotoxicity study with 3-
iodopropynylbutyl carbamate (IPBC) in CD rats 
Volume 4 of 4 
Source: XXXX 
Report No.: 7071-103 
TC-1060 
GLP; (unpublished) 
Doc. No.: 542-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
TROY 
Corporation 

A6.9/10 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1996 Acute Neurotoxicity Validation Study with 
Paraoxon in Rats 
Source: XXXX  
Report No.: XXXX 2100-004 
Not GLP; (unpublished) 
Doc. No.: 541-007 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
ARCH 
Chemicals 

A6.9/11 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1996 Neurotoxicity Validation Study with Acrylamide in 
Rats 
Source: XXXX  
Report No.: XXXX 2100-030 
Not GLP; (unpublished) 
Doc. No.: 541-008 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.11/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1988 Polyphase cholinesterase inhibition study in rats 
Source: XXXX 
Report No.: TC-0122 
638784 
5165 
GLP; (unpublished) 
Doc. No.: 541-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A6.12.1/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2003 ARCH letter to SCC - Health data 
(Cholinesterase levels - Rocherster) 
Source: XXXX 
Report No.: Not indicated 
Not GLP; (unpublished) 
Doc. No.: 574-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.12.1/02 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous 2001 Medical surveillance program - Carbamates - 
IPBC 
Source: XXXX 
Report No.: 5.13 
Not GLP; (unpublished) 
Doc. No.: 574-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A6.12.3/01 

 

Submitted 
with the PT8 
BPD dossier 

Ulfvarson, U. 
Alexandersson, 
R. 
Dahlqvist, M. 
Ekholm, U. 
Bergström, B. 
Scullman, J. 

1992 Temporary health effects from exposure to water-
borne paints 
Source: Scand J Work Environ Health 
1992;18:376-87 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 592-013 

No N.R. 

A6.12.5/01 

 

Submitted 
with the PT8 
BPD dossier 

Anonymous 2003 Material safety data sheet - Omacide IPBC 100 
(According to 91/155 EC) 
Source: Arch Chemicals B. V. Swords / Ireland 
Report No.: Not applicable 
Not GLP; (unpublished) 
Doc. No.: 953-007 

No ARCH 
Chemicals 

A6.12.6/01 

 

Submitted 
with the PT8 
BPD dossier 

Bryld, L.E. 
Agner, R. 
Rastogi, S.C. 

1997 Iodopropynyl butylcarbamate: a new contact 
allergen 
Source: Contact Dermatitis vol. 36, pp. 156-158, 
1997 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 592-003 

No N.R. 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A6.12.6/02 

 

Submitted 
with the PT8 
BPD dossier 

Pazzaglia, M. 
Tosti, A. 

1999 Short Communications - Allergic contact 
dermatitis from 3-iodo-2-propynyl-butylcarbamate 
in a cosmetic cream 
Source: Contact Dermatitis, Vol. 41, pp. 290, 
1999 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 592-006 

No N.R. 

A6.12.6/03 

 

Submitted 
with the PT8 
BPD dossier 

Majoie, I.M. 
van Ginkel, 
J.W. 

2000 The biocide iodopropynyl butylcarbamate (IPBC) 
as an allergen in cutting oils 
Source: Contact dermatitis, 2000, Vol. 43 p. 238 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 592-007 

No N.R. 

A6.12.6/04 

 

Submitted 
with the PT8 
BPD dossier 

Bryld, L.E. 
Agner, T. 
Menné, T. 

2001 Allergic contact dermatitis from 3-iodo-2-
propynyl-butylcarbamate (IPBC) - an update 
Source: Contact dermatitis, 2001, Vol. 44, pp. 
276-278 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 592-009 

No N.R. 

A6.12.6/05 

 

Submitted 
with the PT8 
BPD dossier 

Schnuch, A. 
Geier, J. 
Brasch, J. 
Uter, W. 

2001 The preservative iodopropynyl butylcarbamate: 
frequency of allergic reactions and diagnostic 
considerations 
Source: Contact Dermatitis 2002, 46, 153-156 
Report No.: ISSN 0105-1873 
Not GLP; (published) 
Doc. No.: 592-010 

No N.R. 

A6.12.6/06 

 

Submitted 
with the PT8 
BPD dossier 

Jensen, C.D. 
Thormann, J. 
Andersen, K.E. 

2003 Airborne allergic contact dermatitis from 3-Iodo-2-
Propynyl-Butylcarbamate at a paint factory 
Source: Contact dermatitis 2003, 48, 155-157 
Report No.: ISSN 0105-1873 
Not GLP; (published) 
Doc. No.: 592-011 

No N.R. 

A6.12.6/07 

 

Submitted 
with the PT8 
BPD dossier 

Brasch, J. 
Schnuch, A. 
Geier, J. 
Aberer, W. 
Uter, W. 

2004 Contact Dermatitis and Allergy Iodopropynylbutyl 
carbamate 0-2% is suggested for patch testing of 
patients with eczema possibly related to 
preservatives 
Source: British Journal of Dermatology 2004, Vol. 
151, page 608-615, © 2004 British Association of 
Dermatologists 
Report No.: Not applicable 
Not GLP; (published) 
Doc. No.: 592-017 

No N.R. 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A7.1.1.1.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Jungheim 2001 Preventol MP 100 - Abiotic degradation 
Source: Bayer AG, Leverkusen, Germany 
Report No.: N 00/0070/05 LEV 
GLP; (unpublished) 
Doc. No.: 711-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A7.1.1.1.1/02 

 

Submitted 
with the PT8 
BPD dossier 

Reynolds, J.L. 1994 Hydrolysis of 14C-3-iodo-2-propynyl-n-
butylcarbamate (14C-IPBC) 
Source: Xenobiotioc Labs 
Report No.: XBL 94051 
RPT00201 
GLP; (unpublished) 
Doc. No.: 711-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A7.1.1.1.2/01 

 

Submitted 
with the PT8 
BPD dossier 

Lee, D.-H. 
Tsunoda, K. 
Takahashi, M. 

1991 Photostability of organoiodine wood preservatives 
I. Progressive degradation and loss in fungal 
inhibition rate through photoirradiation 
Source: Mokuzai Gakkaishi, Vol. 37, No. 1, p. 76-
81 (1991) 
Report No.: Vol. 37, No. 1 
Not GLP; (published) 
Doc. No.: 792-005 

No N.R. 

A7.1.1.1.2/02 

 

Submitted 
with the PT8 
BPD dossier 

Lee, D.-H. 
Tsunoda, K. 
Takahashi, M. 

1991 Photostability of organoiodine wood preservatives 
II. The photolytic process of preservatives 
Source: Mokuzai Gakkaishi, Vol. 37, No. 3, p. 
261-265 (1991) 
Report No.: Vol. 37, No. 3 
Not GLP; (published) 
Doc. No.: 792-004 

No N.R. 

A7.1.1.1.2/03 

 

Submitted 
with the PT8 
BPD dossier 

Phaff, R. 2005 AQUEOUS PHOTOLYSIS OF IPBC AND 
DETERMINATION OF THE QUANTUM YIELD 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 856160 
GLP; (unpublished) 
Doc. No.: 712-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, ISP, 
LANXESS,  
TROY) 

A7.1.1.2.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Grützner, I. 2002 Ready biodegradability of IPBC in a manometric 
respirometry test 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: TC-1261 
831172 
GLP; (unpublished) 
Doc. No.: 713-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A7.1.1.2.2/01 

 

Submitted 
with the PT8 
BPD dossier 

Seyfried, B. 2004 Inherent Biodegradability of IPBC in a modified 
"Zahn-Wellens /EMPA Test" 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 851399 
GLP; (unpublished) 
Doc. No.: 713-007 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW, 
LANXESS,  
TROY) 

A7.1.2.2.2/01 

 

Submitted 
with the PT8 
BPD dossier 

Blumhorst, M.R. 1992 Anaerobic aquatic metabolism study of P-100 
Source: EPL Bio Analytical Services, USA 
Report No.: TC-0315 
147-003 
GLP; (unpublished) 
Doc. No.: 715-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.1.3/01 

 

Submitted 
with the PT8 
BPD dossier 

Schneider, U. 2002 Estimation of the adsorption coefficient on soil 
and on sewage sludge using HPLC 
Source: Infracor Chemistry Services 
Report No.: AN-ASB 0203 
GLP; (unpublished) 
Doc. No.: 731-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

DOW 
Benelux B.V. 

A7.1.3/02 

 

Submitted 
with the PT8 
BPD dossier 

Blumhorst, M.R. 1990 Adsorption/Desorption studies - batch equilibrium 
for P-100 
Source: EPL Bio Analytical Services, USA 
Report No.: TC-0312 
147-002 
GLP; (unpublished) 
Doc. No.: 731-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.2.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Blumhorst, M.R. 1992 Aerobic soil metabolism study of P-100 
Source: EPL Bio Analytical Services, USA 
Report No.: TC-0307 
147-004 
GLP; (unpublished) 
Doc. No.: 722-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.2.3.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Schimmel-
pfennig, H. 

2004 Estimation of the Koc of the IPBC degradation 
product PBC using the PCKOC programm 
(v1.66) 
Source: Scientific Consulting Company, 
Wendelsheim, Germany 
Report No.: 824-006 
Not GLP; (unpublished) 
Doc. No.: 731-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW,  ISP, 
LANXESS, 
TROY) 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A7.3.1/01 

 

Submitted 
with the PT6 
BPD dossier 

Görg, J. 
Glöckner, T. 

2007 Estimation of the Atmospheric Residence Time of 
IPBC using the Atkinson Method - IPBC 
Source: Scientific Consulting Company, 
Wendelsheim, Germany 
Report No.: 824-014 
743-002 Atkinson 
Not GLP; (unpublished) 
Doc. No.: 743-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

IPBC Task 
Force 
(ARCH, 
DOW,  ISP, 
LANXESS, 
TROY) 

A7.4.1.1/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Acute toxicity of Omacide IPBC to the fathead 
minnow (Pimephales promelas) 
Source: XXXX 
Report No.: 293- XXXX 
GLP; (unpublished) 
Doc. No.: 821-005 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A7.4.1.1/02 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1991 TROYSAN Polyphase P-100 - Acute toxicity to 
sheepshead minnow (Cyprinodon variegatus) 
under flow-through conditions 
Source: XXXX  
Report No.: TC-0299 
91-10-3983 
12166.0791.6103.505 
GLP; (unpublished) 
Doc. No.: 821-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.1.1/03 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1990 TROYSAN Polyphase P-100 - Acute toxicity to 
bluegill sunfish (Lepomis macrochirus) under 
flow-through conditions 
Source: XXXX  
Report No.: TC-0289 
90-04-3300 
12166.0789.6100.105 
GLP; (unpublished) 
Doc. No.: 821-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.1.1/04 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 2001 Preventol MP 100 - Acute Fish Toxicity 
Source: XXXX 
Report No.: 1025 A/00 XXXX 
GLP; (unpublished) 
Doc. No.: 821-006 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A7.4.1.1/05 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1994 Acute toxicity of Omacide IPBC to the rainbow 
trout, Oncorhynchus mykiss 
Source: XXXX 
Report No.: 294- XXXX 
GLP; (unpublished) 
Doc. No.: 821-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A7.4.1.1/05b 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1990 TROYSAN Polyphase P-100 - Acute toxicity to 
rainbow trout (Oncorhynchus mykiss) under flow-
through conditions 
Source: XXXX  
Report No.: TC-0290 
90-03-3261 
12166.0789.6100.108 
GLP; (unpublished) 
Doc. No.: 821-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.1.1/06 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1992 (Propargyl Butyl Carbamate) - Acute Toxicity to 
rainbow trout (Oncorhynchus mykiss) under flow-
through condition 
Source: XXXX  
Report No.: TC-0305 
XXXX No. 92-3-4146 
12166.0991.6108.108 
GLP; (unpublished) 
Doc. No.: 821-007 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.1.2/01 

 

Submitted 
with the PT8 
BPD dossier 

Boeri, R.L. 
Magazu, J.P. 
Ward, T.J. 

1994 Acute toxicity of Omacide IPBC to the daphnid, 
Daphnia magna 
Source: T.R. Wilbury Laboratory, Massachusetts 
Report No.: 292-OL 
GLP; (unpublished) 
Doc. No.: 822-002 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A7.4.1.2/02 

 

Submitted 
with the PT8 
BPD dossier 

 

Putt, A.E. 1992 (Propargyl Butyl Carbamate) - Acute Toxicity to 
daphnids (Daphnia magna) under flow-through 
conditions 
Source: Springborn Laboratories Massachusetts, 
USA 
Report No.: TC-0304 
SLI No. 92-2-4122 
12166.0991.6109.115 
GLP; (unpublished) 
Doc. No.: 822-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.1.3/01 

 

Submitted 
with the PT8 
BPD dossier 

Peither, A. 2001 Toxicity of Polyphase P-100 to Scenedesmus 
subspicatus in a 72-hour algal growth inhibition 
test – (Included the Analytical Report – 
Determination of the Concentrations of the test 
item in test medium) 
Source: Research and Consulting Company, 
Itingen, Switzerland 
Report No.: 790413 
790424 
TC0072 
GLP; (unpublished) 
Doc. No.: 823-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A7.4.1.3/02 

 

Submitted 
with the PT8 
BPD dossier 

Boeri, R.L. 
Magazu, J.P. 
Ward, T.J. 

1994 Growth and reproduction test with Omacide IPBC 
and the freshwater alga, Selenastrum 
capricornutum 
Source: T.R. Wilbury Laboratory, Massachusetts 
Report No.: 295-OL 
GLP; (unpublished) 
Doc. No.: 823-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A7.4.1.3/03 

 

Submitted 
with the PT8 
BPD dossier 

Ward, T.J. 
Boeri, R.L. 
Magazu, J.P. 

1997 Growth and Reproduction Toxicity test with 
Propargal Butyl Carbamate and the Freshwater 
Alga, Selenastrum capricornutum 
Source: T.R. Wilbury Laboratory, Massachusetts 
Report No.: TC0553 
1115-TR 
GLP; (unpublished) 
Doc. No.: 823-004 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.1.4/01 

 

Submitted 
with the PT8 
BPD dossier 

Müller 2000 Preventol MP 100 – Toxicity to bacteria 
Source: Bayer AG, Leverkusen, Germany 
Report No.: 1025 A/00 B 
GLP; (unpublished) 
Doc. No.: 842-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

LANXESS 
Deutschland 
GmbH 

A7.4.1.4/02 

 

Submitted 
with the PT8 
BPD dossier 

Mead, C. 2002 IPBC – Acute toxicity to bacteria (Pseudomonas 
putida) 
Source: Safepharm Laboratories Limited, Derby 
Report No.: 1597/006 
GLP; (unpublished) 
Doc. No.: 842-003 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

ARCH 
Chemicals 

A7.4.3.2/01 

 

Submitted 
with the PT8 
BPD dossier 

XXXX 1992 TROYSAN Polyphase P-100 – Toxicity to fathead 
minnow (Pimephales promelas) embryos and 
larvae 
Source: XXXX  
Report No.: TC-0301 
92-1-4057 
12166.0791.6104.120 
GLP; (unpublished) 
Doc. No.: 826-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 

A7.4.3.4/01 

 

Submitted 
with the PT8 
BPD dossier 

Ward, G.S. 1991 TROYSAN Polyphase P-100 – Chronic toxicity to 
the water flea, Daphnia magna, under flow-
through test conditions 
Source: Toxicon Environmental Sciences 
Report No.: TC-0294 
J9009031b 
GLP; (unpublished) 
Doc. No.: 827-001 

Yes 
(Data on existing a.s. 
submitted for the first 

time for entry into 
Annex I.) 

TROY 
Corporation 
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Section No./ 
Reference 
No. 

Author(s) Year Title 
Source (laboratory) 
Report No. 
GLP; (un)published 
Doc. No. 

Data protection Owner 

A7.5.1.1/01 

 

Submitted 
with the PT8 
BPD dossier 

Reis, K.-H. 2004 Effects of IPBC Technical on the Activity of the 
Soil Microflora in the Laboratory 
Source: Ibacon GmbH, Rossdorf, Germany 
Report No.: 17921080 
GLP; (unpublished) 
Doc. No.: 841-002 
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