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July 7, 2021 

 

 

Charles Smith  

Acting Director, Biopesticide and Pollution Prevention Division, (7509P),  

Office of Pesticide Programs (OPP) 

c/o Regulatory Public Docket Center (28221T),  

U.S. Environmental Protection Agency (USEPA) 

1200 Pennsylvania Ave. NW. 

Washington, DC 20460–0001 

 

Subject: Modification to the Minimum Risk Pesticide Listing Program and Other 

Exemptions Under FIFRA Section 25(b) (Docket ID No. EPA–HQ–OPP–2020–

0537) 

 

Dear Charles Smith: 

 

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

to comment on the Modification to the Minimum Risk Pesticide Listing Program and Other 

Exemptions Under FIFRA Section 25(b). BACWA’s members include 55 publicly owned 

wastewater treatment facilities and collection system agencies serving 7.1 million San Francisco 

Bay Area residents. We take our responsibilities for safeguarding receiving waters seriously.  

 

The purpose of this letter is to request that USEPA add consideration of Publicly Owned 

Treatment Works (POTWs) to its risk assessment screening factors used to determine if a 

pesticide can be considered a Minimum Risk Pesticide. 

 

Background 

 

Every day, BACWA members’ POTWs treat millions of gallons of pesticide-containing 

wastewater that is discharged to fresh or salt water 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.  

 

BACWA is interested in pesticides because some pesticides and/or their degradation products 

have high aquatic toxicity and can pass through POTWs and appear in our effluent and biosolids.  

Others can interfere with our POTWs’ biological treatment processes, reducing the quality of our 

effluent. In almost every US state – including California – state law precludes any local 

regulation of pesticide sales or use. As municipal wastewater treatment facilities have no local 
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option to control use of pesticides consumer products, it is essential to us that USEPA implement 

mitigation measures, ensuring that impacts to our operations and to the beneficial uses of the 

receiving water are prevented.  This is not just a California issue – it is the Clean Water Act 

NPDES permit requirements and effluent toxicity standards that drive our interest in pesticides 

affect POTWs across the entire nation. 

 

The enclosed letter from BACWA to USEPA about fipronil details these regulatory issues and 

their associated costs.  This is an example of a pesticide for which USEPA did not conduct a 

POTW discharge review upon registration and did not consider the impacts of its degradates.  

These oversights can be costly but can be quickly avoided by considering POTW discharges 

when making registration decisions for all pesticides – even those that appear to post minimal 

risks.  

 

While POTW effluents are often diluted, some are not. Throughout the US, about 23 percent of 

POTWs have a permitted dilution factor less than 10; in some geographic areas zero or low 

dilution is very common.  For example, treated wastewater effluent makes up more than 90 

percent of stream flow for 49 percent of a representative sample of major POTWs in Texas, 

Oklahoma, New Mexico, Arkansas, and Louisiana.1 Where multiple POTWs and urban or 

agricultural runoff discharge into the same water body, the “diluting” waters may also contain 

the pesticide. 

 

Pesticides that Pass through to POTWs or that Affect POTWs Treatment Processes Must 

Be Addressed in Modifications to the Minimum Risk Pesticide Process 

 

Pesticides are frequently present in POTW effluent and biosolids. Available data suggest that 

typical municipal wastewater treatment processes do not reduce concentrations of some 

pesticides (e.g., imidacloprid), and that these pesticides pass through POTWs (e.g., Sadaria et al 

2017). While other pesticides have lower concentrations in effluent than in influent, this often 

reflects transfer into biosolids (e.g., pyrethroids – see Markle et al 2014) or transformation to 

potentially toxic degradates (e.g., fipronil – see Sadaria et al. 2017). 

 

Treated wastewater effluent continuously discharged into surface waters represents an ongoing 

source of contaminants recalcitrant to removal. Concentrations of at least half a dozen pesticides 

reported in undiluted POTW effluents exceed the USEPA OPP benchmarks for chronic2 

exposure to aquatic invertebrates (see Sutton et al 2019, enclosed).3 Many more would exceed 

these benchmarks when concentrated by a factor of 5 (or greater) in the wastewater stream 

generated as a byproduct of advanced wastewater effluent treatment to create water suitable for 

potable reuse.  Given the growing efforts toward potable use of wastewater effluents,4 ensuring 

that the presence of pesticides in this concentrated waste stream does not render such projects 

 

 
1 Brooks et al. (2006). Water quality of effluent-dominated ecosystems: ecotoxicological, hydrological, and 

management considerations. Hydrobiologia 556:365–379  
2 The “chronic” benchmark comparison is made because POTWs continuously discharge. 
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 US EPA Office of Water (2017). Potable Reuse Compendium. 
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technologically or economically infeasible is in the nation’s interest (see Moran & LaBella 2020, 

enclosed).5  

 

Pesticides can also harm the organisms essential for POTW’s biological treatment processes. 

Since “process interference” can have devastating implications for effluent quality, it is a crucial 

consideration for USEPA’s pesticide registration decisions for any pesticide that may reach 

POTWs. 

 

The figure below, from Sutton et al. (2019) presents a well-documented conceptual model 

illustrating how pesticides used indoors flow to the sewer system, to POTWs, and ultimately into 

the environment via effluent, air emissions, and biosolids. As detailed in the enclosed letter from 

BACWA to USEPA about fipronil, one indoor use – pet flea treatments – provides a clear and 

compelling demonstration of the processes outlined in the conceptual model showing that 

pesticides used indoors are washed directly (via pet washing, as measured by Teerlink et al 

2017)6 and indirectly (via washing of human hands and other surfaces where pet flea control 

pesticides are transferred post-application) to the sewer system (see Sadaria et al 2017).7 

 

 

 

 
5 Moran, K. and M. LaBella (2020).  “Will Pesticides Prevent Publicly-Owned Wastewater Treatment Plant Effluent 

from Becoming a Much- Needed Drinking Water Supply?” North America Society of Environmental Toxicology 

and Chemistry SciCon2 Conference (online). 
6 Teerlink et al. (2017) Fipronil washoff to municipal wastewater from dogs treated with spot-on products. Sci Total 

Environ 599-600: 960-966. 
7 Sadaria et al. (2017) Passage of Fiproles and Imidacloprid from Urban Pest Control Uses Through Wastewater 

Treatment Plants in Northern California. Environmental Toxicology and Chemistry. 36 (6), 1473-1482. 
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Figure Source:  Sutton et al. 2019. 

 

USEPA has Straightforward Procedures for Evaluating Pesticides in Wastewater  

 

USEPA has been evaluating POTW discharges from indoor pesticide use in its pesticides risk 

assessments since the late 1990s. As described by an USEPA scientific team (see Shamim et al 

2014, enclosed)8, USEPA uses simplified models like its Exposure and Fate Assessment 

 

 
8 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; 
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Screening Tool (E-FAST) in combination with monitoring data and benchtop studies to estimate 

POTW effluent concentrations. 

 

USEPA’s Original Seven (and Additional Six) Risk Assessment Factors for Minimum Risk 

Pesticides Do Not Take POTWs into Consideration 

 

Currently USEPA considers the following factors when evaluating if a pesticide qualifies as a 

Minimum Risk Pesticide: 

 

 Original Seven Factors 

1. Whether the pesticidal substance is widely available to the general public for other uses; 

2. If it is a common food or constituent of a common food;  

3. If it has a nontoxic mode of action;  

4. If it is recognized by the Food and Drug Administration (FDA) as safe;  

5. If there is no information showing significant adverse effects;  

6. If its use pattern will result in significant exposure; and  

7. If it is likely to be persistent in the environment. 

Additional Six Factors 

8. Is likely to have carcinogenic or endocrine disruptor properties;  

9. Is likely to cause human health developmental, reproductive, mutagenic, or neurotoxicity 

issues;  

10. Is a known allergen or a known allergenic source or a potential allergen;  

11. Is associated with developmental toxicity/adverse effects to mammals, birds, aquatic 

organisms, insects, plants;  

12. Produces or could produce toxic degradates; and  

13. Has the potential to be contaminated with toxic or allergenic impurities. 

 

We appreciate that USEPA’s current processes address the potential for a new pesticide to form 

toxic degradates or to be associated with toxicity to aquatic organisms.   

 

The list of 13 factors does not specifically include consideration of POTWs, which could 

potentially allow registration of problematic substances. BACWA requests that USEPA consider 

an additional factor: 

 

Could it interfere with POTW treatment process, cause Clean Water Act non-

compliance, or otherwise limit POTW’s ability to discharge or ability to reuse water, 

including as drinking water? 

 

The addition of this factor is vital to ensure that Minimum Risk Pesticides do not cause incidents 

of Clean Water Act non-compliance, degrade effluent quality by causing operational 

interference, or technologically or economically preclude POTWs from providing effluent as a 

future drinking water supply. 

 

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

 

 
American Chemical Society: Washington, DC, 2014; pp 207-274. 



BACWA Comments on Modification to the Minimum Risk Pesticide Listing Program and Other 

Exemptions Under FIFRA Section 25(b) (Docket ID Nos. EPA–HQ–OPP–2020–0537)  p. 6  

 

BACWA’s Project Managers: 

 

Karin North     Autumn Cleave 

City of Palo Alto    San Francisco Public Utilities Commission 

(650) 329-2104    (415) 695-7336 

Karin.north@cityofpaloaloalto.org  acleave@sfwater.org 

 

Respectfully Submitted, 

 

 
 

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

Executive Director 

Bay Area Clean Water Agencies 

 

Enclosures: 

1. Bay Area Clean Water Agencies (BACWA). July 6, 2020. Comment Letter on U.S. EPA 

Draft Risk Assessment for Fipronil.  

2. Sutton, R., Xie, Y., Moran, K., & Teerlink, J. (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. 

3. Sadaria et al. (2017) Passage of Fiproles and Imidacloprid from Urban Pest Control Uses 

Through Wastewater Treatment Plants in Northern California. Environmental Toxicology 

and Chemistry. 36 (6), 1473-1482. 

4. 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. 

5. Moran, K. and M. LaBella (2020).  “Will Pesticides Prevent Publicly-Owned Wastewater 

Treatment Plant Effluent from Becoming a Much-Needed Drinking Water Supply?” 

North America Society of Environmental Toxicology and Chemistry SciCon2 

Conference (online). 

 

 

cc: Edward Messina, Acting Director, USEPA OPP 

Elissa Reaves, Acting Director, Pesticide Re-evaluation Division 

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

Tomas Torres, Director, Water Division, USEPA Region 9 

Patti TenBrook, USEPA Region 9 

Debra Denton, USEPA Region 9   

Kathryn Meyer, USEPA Region 9 

Karen Mogus, Deputy Director, California State Water Resources Control Board 

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

Richard Breuer, California State Water Resources Control Board 
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Tom Mumley, California RWQCB SF Bay Region  

Janet O'Hara, California RWQCB, SF Bay Region 

James Parrish, California RWQCB, SF Bay Region 

Debbie Phan, California RWQCB, SF Bay Region 

Rebecca Nordenholt, RWQCB, SF Bay Region 

Jennifer Teerlink, California Department of Pesticide Regulation 

Aniela Burant, California Department of Pesticide Regulation 

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

Cynthia Finley, Director, Reg. Affairs, National Association of Clean Water Agencies 

BACWA Executive Board 

BACWA Pesticides Workgroup 
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July 6, 2020 
 
Mr. Darius Stanton 
Office of Pesticide Programs  
Regulatory Public Docket Center (28221T) 
U.S. Environmental Protection Agency (EPA)  
1200 Pennsylvania Ave., NW. 
Washington, DC 20460–0001 
 
Subject:  Fipronil – Draft Risk Assessment (EPA-HQ-OPP-2011–0448) 
 
Dear Mr. Stanton: 
 
On behalf of the Bay Area Clean Water Agencies (BACWA), we thank you for the opportunity 
to comment on the Draft Risk Assessment for fipronil. BACWA’s members include 55 publicly 
owned wastewater treatment facilities (“POTWs”) and collection system agencies serving 7.1 
million San Francisco Bay Area residents. We take our responsibilities for safeguarding receiving 
waters seriously. BACWA is especially interested in pesticides that are used in manners that have 
transport pathways to the sanitary sewer, as even the most sophisticated wastewater treatment 
plants cannot fully remove complex chemicals like pesticides. 
 
Summary 
 
BACWA was surprised and disappointed that despite detailed scientific evidence shared with 
EPA Office of Pesticide Programs (OPP) on multiple occasions, EPA’s fipronil risk assessment 
does not even mention the scientific fact that fipronil is discharged to municipal wastewater 
systems, pass through POTWs, and result in discharges that pose ecological risks. Based on the 
scientific data, we have substantial reason to believe, and come to the logical conclusion, that pet 
treatments will cause widespread non-compliance with the Federal Clean Water Act. Because 
100% of POTWs must comply with the Federal Clean Water Act 100% of the time, risk 
mitigation for fipronil is imperative. 

We request EPA please lay out a specific plan that addresses the primary source of fipronil in 
municipal wastewater – topically applied pet treatments (pet “spot-ons” and sprays).  A first step, 
using the soon to be completed updated efficacy testing guidelines, would be to implement a 
program to eliminate unnecessary use of fipronil in pet treatments and to minimize POTW 
discharge quantities.  

Thank you for this opportunity to present our input on each of these topics.  
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Contents of this letter 
Below – and in multiple enclosed scientific papers – we again share the scientific evidence 
around fipronil in municipal wastewater, highlighting the concentrations in municipal 
wastewater effluent and comparing the fipronil concentrations in these continuous discharges to 
aquatic toxicity endpoints used in EPA’s fipronil risk assessment.   
 
In addition to commenting on the draft risk assessment, we are also taking this opportunity to provide 
input on mitigation strategies for EPA to discuss with fipronil registrants. We provide below more 
detail about our mitigation request, which parallels the mitigation request made for neonicotinoid 
and pyrethroids-containing pet treatments. We are providing this input at this time because 
mitigation measures are essential and we understand that the next opportunity for public comment 
will be after such discussions and after EPA has prepared its proposed decision.  
 
Summary Background 
Every day, BACWA members treat millions of gallons of wastewater that is then discharged to 
fresh or salt water 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. 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.  
 
BACWA has a strong interest in fipronil due to its high aquatic toxicity and proven ability to pass 
through POTWs and appear in our effluent. The primary purpose of this letter is to request that 
the ecological risk assessment be expanded to include an evaluation of sewer discharges from pet 
flea control products. Multiple scientific studies, including 2017 study involving several of our 
member agencies and a 2017 dog-washing study conducted by California Department of Pesticide 
Regulation, provide strong evidence that pet flea control products are the primary source of 
fipronil discharges to municipal wastewater treatment plants.  
 
BACWA appreciates that OPP has started to conduct evaluation of risks associated with pesticide 
discharges to the sewer system (“down the drain” risk assessments). OPP’s fipronil risk 
assessment did not include a down-the-drain assessment. Omitting evaluation of the sewer 
discharge environmental exposure pathway can prove costly for POTWs, as detailed below. 
 
In almost every US state – including California – state law precludes any local regulation of 
pesticide sales or use. As municipal wastewater treatment facilities have no local option to 
control use of pesticides consumer products, it is essential to us that EPA implement mitigation 
measures ensuring that impacts to the beneficial uses of the receiving water are prevented. This 
is not just a California issue – the Clean Water Act toxicity standards that drive our interest in 
neonicotinoid insecticides affect POTWs across the entire nation. 
 
Pesticide Discharges to the Sewer Can Be Costly 
Pesticide discharges to the sewer system can prove costly for POTWs, due to the potential for 
pesticides to cause or contribute to wastewater treatment process interference, NPDES Permit 
compliance issues, impacts to receiving waters, recycled water quality and/or biosolids reuse, in 
addition to exposing POTWs to the potential for third party lawsuits under the Clean Water Act.  
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Of particular concern is the ability of a specific pesticide to exceed effluent toxicity limits. One 
universal water quality standard in the U.S., which stems directly from the Federal Clean Water 
Act, is that surface waters cannot be toxic to aquatic life. NPDES permits require POTWs to 
demonstrate that they meet this standard by evaluating toxicity using EPA standard methods (set 
forth in 40 CFR Part 136). To evaluate toxicity, every POTW must (1) conduct toxicity 
screening tests with a range of species, (2) select the most sensitive species, and (3) perform 
routine monitoring (typically monthly or quarterly). These monitoring data are used to determine 
whether the discharger has a reasonable potential to cause or contribute to toxicity in the 
receiving water. If it does, the CWA requires that numeric effluent limits be imposed, otherwise 
POTWs may be given numeric effluent triggers for further action. In the event that routine 
monitoring does exceed a toxicity limit or trigger, the POTW must perform accelerated 
monitoring (e.g., monthly); and if there is still evidence of consistent toxicity, the discharger 
must do a Toxicity Reduction Evaluation (TRE) to get back into compliance. The TRE requires 
dischargers to evaluate options to optimize their treatment plants and conduct a Toxicity 
Identification Evaluation (TIE), the cost of which can vary from $10,000 to well over $100,000 
depending on complexity and persistence of the toxicant. The goal of the TIE is to identify the 
substance or combination of substances causing the observed toxicity. If a POTW’s effluent is 
toxic because of a pesticide, it may not have any practical means to comply with Clean Water 
Act-mandated toxicity permit limits.  
 
Once identified, the cost to treat or remove the toxicity causing compound(s) can vary 
dramatically. Often, there are few ways for a discharger to mitigate the problem other than 
extremely costly treatment plant upgrades. Upgrading treatment plants is an extremely expensive 
and slow process; for example, the Sewer System Improvement Project of the San Francisco 
Public Utilities Commission is a 20-year and $2+ billion undertaking. Upgrading treatment 
plants is also often ineffective for organic chemicals like pesticides that appear at sub microgram 
per liter concentrations, largely because sewage is a complex mixture of natural organic 
compounds. Regardless of this, the discharger must comply with its Clean Water Act permit 
limits. If a discharger violates a toxicity limit, it can be subject to significant penalties (in 
California up to $10/gallon or $10,000 per day).  
 
Case in point, a POTW in San Rafael, California, serving a community of 30,000 residents with 
a discharge of about 3 million gallons a day, observed toxicity in 21 of 28 samples several years 
ago. In one sample, the toxicity was 8 times the threshold to be considered toxic. The facility 
conducted a TIE and identified that the likely cause of the toxicity was pesticides – specifically 
pyrethroid insecticides. Follow-up investigations identified that the pesticide permethrin was 
present at low concentrations in the wastewater. EPA (in its Clean Water Act oversight role) 
subsequently required that toxicity limits be imposed upon reissuance of the permit. The cost to 
this small community and the resources required of the local water regulatory agency are 
precisely what we seek to avoid in the future for all pesticide chemicals.  
 
In addition, when surface water bodies become impaired by pesticides, wastewater facilities may 
be subject to additional requirements established as part of Total Maximum Daily Loads 
(TMDLs) set for the water bodies by U.S. EPA and state water quality regulatory agencies. A 
number of pesticide-related TMDLs have been adopted or are in preparation in California. The 
cost to wastewater facilities and other dischargers to comply with TMDLs can be up to millions 
of dollars per water body per pollutant. This process will continue as long as pesticides are 
approved for uses that result in water quality impacts; it is therefore imperative that EPA 
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conducts a Registration Review focusing on water quality impacts and for EPA to take action to 
ensure that any impacts are prevented or fully mitigated.  
 
This is a nationwide issue.  Effluent toxicity is regulated throughout the U.S. It is Federal law – 
the Federal Clean Water Act – that requires that surface waters cannot be toxic to aquatic life 
and requires the establishment of effluent limitations as necessary to achieve this standard. When 
addressing neonicotinoids and other currently used pesticides, California water regulators must 
implement the Federal Clean Water Act toxicity standard. As EPA has acknowledged in other 
settings (e.g., see EPA’s Pyrethroids Ecological Risk Mitigation Proposal [Docket ID # EPA-
HQ-OPP-2008-0331-0096]), failure to meet this nationwide standard imposes burdensome costs 
on POTWs. 
 
Background – Fipronil in POTW Influent and Effluent 
As summarized below and detailed in attached scientific papers, fipronil is frequently detected in 
POTW influent and effluent. Available data suggest that typical municipal wastewater treatment 
processes do not substantially reduce fipronil concentrations, i.e., that fipronil and its degradates 
pass through POTWs, as illustrated in Figure 1 (on the next page). Concentrations reported in 
undiluted, continuously discharged POTW effluents exceed the aquatic invertebrates chronic 
toxicity endpoints used in the draft risk assessment.  Since our effluents flow into the San 
Francisco Bay estuary, we find it particularly notable that most available POTW effluent data 
significantly exceed the EPA fipronil risk assessment salt water (“estuarine and marine”) 
invertebrate chronic toxicity endpoints for fipronil (7.5 ng/L), fipronil sulfide (4.6 ng/L), and 
fipronil sulfone (2.6 ng/L). 
 
Recent scientific studies have measured fipronil in POTW influent and effluent, and have 
examined sources, per-capita loadings, and the reasons that fipronil and its degradates pass 
through POTW treatment processes. We enclose three key papers detailing the presence of 
fipronil in municipal wastewater: 
 

(1) Sutton et al (2019; enclosed) completed a state-of-the-science review of occurrence and 
fate of fipronil, its degradates, and other current-use pesticides in North American 
wastewater, finding that at 40 sampled POTWs, both fipronil and its sulfone degradate 
were detected in treated wastewater effluent at levels exceeding EPA OPP chronic 
invertebrate aquatic life benchmarks.  Reported median fipronil concentrations, from 30-
104 ng/L, all exceeded the EPA risk assessment’s invertebrate chronic toxicity endpoints 
for both fresh water (11 ng/L) and salt water (7.5 ng/L). 

(2) A study conducted by the San Francisco Bay Regional Monitoring Program in 
collaboration with California Department of Pesticide Regulation and Arizona State 
University (Sadaria et al. 2017; enclosed) measured imidacloprid and fipronil, as well as 
fipronil degradates, in the influent and effluent of 8 urban California POTWs. The results 
indicated that fipronil, its degradates, and imidacloprid were ubiquitous in the influent 
sewage and final treated effluent of all 8 participating POTWs, and suggested that pet 
flea control products may be the primary source of both chemicals in wastewater. Pet 
washing is likely a major discharge pathway for fipronil from pet flea control products 
(Teerlink et al. 2017; enclosed). Based on data from Bigelow Dyk et al (2012; enclosed) 
characterizing topical flea control active ingredient transfer to owners’ hands and per 
capita pet population data, study authors found that owner hand washing could 
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potentially explain the entire influent load of POTWs sampled in their study, suggesting 
that indirect transfer is also likely to be a discharge pathway.  

Figure 1. (from Sadaria et. al. 2017) Summary of detected concentrations of fipronil 
(ng/L) in wastewater treatment plant effluent 

 
df = detection frequency; data sources in Sadaria et al. 2017 (enclosed)  
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(3) Sadaria et al (2019; enclosed) conducted the first U.S. nationwide, longitudinal study of 
sewage sludges for fipronil and its degradates, which revealed fipronil’s ubiquitous 
occurrence in US municipal wastewater. A geospatial analysis showed fipronil and 
degradate levels in municipal sludges are uncoupled from agricultural use of fipronil on 
cropland surrounding sampled municipalities, thus pointing to urban uses (e.g., pet flea 
control) as the major source of fipronil loading to wastewater. Fipronil sewage sludge 
concentrations increased significantly between 2001 and 2006-2007, the time period 
when fipronil spot-on products developed significant market share as replacements for 
chlorpyrifos pet flea shampoos. 

Additionally, EPA scientists reported that municipal wastewater was the primary pathway by 
which fipronil flows to surface water in North Carolina (McMahen et al. 2016, enclosed). 
Heidler and Halden (2009, enclosed) and Supowit et al. (2016 enclosed) also documented 
fipronil and degradate presence in municipal wastewater and fate and pass through at POTWs. 
 
California Department of Pesticide Regulation has completed two studies that confirm the 
linkage between companion animal topical treatments and POTWs: 

(1) Washing fipronil-treated dogs.  Dogs were washed at 2, 7, or 28 days after application of 
a fipronil-based topical flea treatment (Teerlink et al. 2017, enclosed). The rinse water 
was analyzed for fipronil and its degradates. The mass of fipronil and its degradates in the 
rinse water ranged up to 86% of the mass applied. Average percentage of fipronil and its 
degradates detected in the rinse water generally decreased with increasing time from 
initial application: 21 ± 22, 16 ± 13, and 4 ± 5% respectively for 2, 7, and 28 days after 
application. Results confirm a direct pathway of pesticides to municipal wastewater 
through the use of spot-on products on dogs and subsequent bathing. 

 
(2) A collection system (“sewershed”) study with the City of Palo Alto’s Regional Water 

Quality Control Plant. Results from the pet-grooming sampling site contained elevated 
concentrations of active ingredients like fipronil in pet flea control treatments, providing 
evidence that pet washing is a pathway for fipronil discharges to sewer systems.1 We 
encourage OPP to obtain the final results of this study, which should be published soon. 

 
1) BACWA requests that the fipronil risk assessment be expanded to include an evaluation 
of sewer discharges from pet flea control treatments  
 
BACWA is concerned that risks associated with pet flea control treatments were not examined in 
the risk assessment and respectfully asks the U.S. EPA to include this analysis (a “down the 
drain” risk assessment) in the revised assessment. U.S. EPA has POTW predictive modeling tools 
to suitable for conducting this assessment and has conducted similar assessments for many other 
pesticides.   
 
Based on product labels and information in the literature, Sadaria et al 2017 developed a detailed 
conceptual model linking fipronil’s very limited urban use patterns and the transport pathways 
by which fipronil reaches the wastewater collection system, as shown in Figure 2.    

 
 
1https://www.cdpr.ca.gov/docs/emon/surfwtr/presentations/presentation_155_wastewater_flea_tick_topical_waters.p
df 

https://www.cdpr.ca.gov/docs/emon/surfwtr/presentations/presentation_155_wastewater_flea_tick_topical_waters.pdf
https://www.cdpr.ca.gov/docs/emon/surfwtr/presentations/presentation_155_wastewater_flea_tick_topical_waters.pdf
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Figure 2. (from Sadaria et. al. 2017)  
Conceptual Model of Sources of Fipronil in Municipal Wastewater  

 
Dashed lines denote pathways assessed to be relatively small in the Sadaria et al 2017 study. Uses without a clear 
pathway (e.g., containerized baits) and with unlikely pathways (e.g., air transport and deposition) are excluded from 
the figure. 
 
 
As explained in Appendix 1, pet flea control products contribute to POTW influent pesticides 
loads. Pet flea control chemicals are transported within a home to an indoor drain that flows to a 
POTW via the pathways illustrated in Figure 3.   
 

Figure 3. Fipronil Pathway: From Pet to Wastewater Discharge 

  
 
Scientific studies described above and those detailed in Appendix 1 examined the pathways that 
transport active ingredients from pet flea control products to the sewer system, both directly 

Pet flea 
control 

product on a 
pet

Washing of 
pets, hands, 
pet bedding, 

floors, 
carpets, and  

clothing

Transport to 
sanitary 
sewer 
system

Discharge to 
water body, 

recycled 
water, 
and/or 

biosolids
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(through dog washing) and indirectly (such as after transfer onto human hands or socks that are 
subsequently washed). Based on the data from these studies and pet population data, it is clear 
that pet flea control products are significant sources of pesticides to POTWs that should be 
accounted for in the risk assessment. 
 
The slightly higher concentrations reported in northern California POTWs reported by Sadaria et 
al. likely reflect real differences between these communities and those monitored in the 
nationwide study. The northern California study was conducted during a severe drought that 
triggered water use restrictions throughout the study area and significant reductions in POTW 
influent flows. Its September timing coincides with what may be the peak pet flea control season 
in the study area. According to Sadaria et al 2017:  

“Higher overall concentrations and detection frequencies in effluent from northern 
California may reflect regional, seasonal, and/or climate-related differences from other 
sampled facilities, such as lower dilution caused by drought-related water use 
reductions, presence of pests during all seasons because of the mild coastal climate, and 
pesticide use responding to regional pest pressures (e.g., high flea populations in 
California coastal areas).”   

BACWA requests that U.S. EPA fipronil modeling and mitigation approaches account for these 
factors. Please see BACWA’s comments on the Preliminary Ecological Risk Assessment for the 
Pyrethroid Insecticides (enclosed), where we detailed potential approaches for addressing these 
factors within U.S. EPA’s current POTW model.  

 
2) BACWA Requests that U.S. EPA Pursue Risk Mitigation for Fipronil 
 
Because fipronil concentrations reported in undiluted POTW effluents exceed the aquatic 
invertebrates chronic toxicity endpoints used in the risk assessment, we expect that the “down-
the-drain” risk assessment will likely conclude that risk mitigation is warranted to reduce POTW 
fipronil discharges. Because 100% of POTWs must comply with the Federal Clean Water Act 
100% of the time, whenever U.S. EPA identifies significant risks from pesticides discharged to 
POTWs, BACWA believes that a robust exploration of risk mitigation is imperative. 
 
In response to the finding that pet flea control products are major sources of pesticides to 
POTWs, BACWA completed an assessment of pet flea control alternatives. This assessment, 
which is summarized in Appendix 2, identified multiple practical, effective, non-pesticide 
alternatives.   
 
In light of these findings, BACWA requests that OPP conduct its risk-benefit evaluation for pet 
flea control products as a group (i.e., considering pyrethroids and neonicotinoids, which are also 
undergoing Registration Review) and in the context of the broad range of available non-pesticide 
alternatives, including FDA-approved oral medications and mechanical controls (e.g., 
vacuuming, washing of pet bedding).  
 
While we agree that pet flea and tick control has societal benefits, our review of control options 
detailed in Appendix 2 identified plentiful alternatives that are far less environmentally 
problematic than fipronil. For example, the new generation of FDA-approved orals seems to be 
more convenient, equally or more effective, and well accepted by pet owners and veterinarians. 
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Mechanical controls (vacuuming, washing of pet bedding) offer lower cost and greater long-term 
control as these are the sole option that addresses all life cycle stages of fleas. Finally, we 
emphasize that we do not believe that neonicotinoids or pyrethroids are good alternatives to 
fipronil. 
 
BACWA suggests that U.S. EPA also consider the following additional risk mitigation strategies 
for fipronil products:   

• Add the same product stewardship label elements that are proposed for the pyrethroid 
insecticides, i.e., stewardship statements and indoor and outdoor drain discharge 
prohibition pictograms prohibiting discharge to any drain, label clarifications, 
Spanish language translations, and indoor/outdoor use clarifications  

• Determine the minimum application rate necessary to achieve pest control. This 
would eliminate unnecessary overuse and minimize POTW discharge quantities. 

• Address washing treated pets by requiring removal of all label language on pet spot-
on products that encourages washing and water exposure of treated pets (e.g., delete 
“waterproof”) and adding language to dissuade owners from washing their pets for at 
least 2 weeks after treatment. 

 
Thank you for the opportunity to provide this feedback regarding both the risk assessment and 
subsequent mitigation strategies. We ask that OPP evaluate fipronil discharges to POTWs and 
fully explore mitigation options for pet flea control products. BACWA requests that EPA 
coordinate with California Department of Pesticide Regulation (which has extensive relevant 
information and expertise), veterinarians, and registrants; bring in the latest scientific 
information – including scientific studies and modeling that are currently underway; and develop 
mitigation strategies for fipronil.  
 
If you have any questions, please contact BACWA’s Project Managers: 
 
Karin North     Autumn Cleave 
City of Palo Alto    San Francisco Public Utilities Commission  

(650) 329-2104    (415) 695-7336 
Karin.north@cityofpaloaloalto.org  acleave@sfwater.org  
 
Respectfully Submitted, 
 

 
 
Lorien Fono, Ph.D., P.E. 
Executive Director 
Bay Area Clean Water Agencies 
 
  

mailto:Karin.north@cityofpaloaloalto.org
mailto:acleave@sfwater.org
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2. Sutton, R., Xie, Y., Moran, K., & Teerlink, J. (2019). Occurrence and Sources of Pesticides 
to Urban Wastewater and the Environment. In K. Goh (Ed.), Pesticides in Surface Water: 
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6. Blagburn, B., and Dryden, M., Biology, Treatment, and Control of Flea and Tick 
Infestations, Vet Clin Small Anim, 2009, Vol 39, pp 1173-1200. 
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to Activyl® Tick Plus, J Veterinar Sci Technology 2015, 6:2. 

8. Teerlink, J., J Hernandez, R Budd. 2017. Fipronil washoff to municipal wastewater from 
dogs treated with spot-on products. Sci Total Environ 599-600: 960-966. (Both paper and the 
author’s supporting information are enclosed). 

9. McMahen, R. L., Strynar, M. J., McMillan, L., DeRose, E., & Lindstrom, A. B. (2016). 
Comparison of fipronil sources in North Carolina surface water and identification of a novel 
fipronil transformation product in recycled wastewater. Sci Total Environ, 569-570, 880-887. 
(Both paper and the author’s supporting information are enclosed). 

10. Supowit, S. D., Sadaria, A. M., Reyes, E. J., & Halden, R. U. (2016). Mass Balance of 
Fipronil and Total Toxicity of Fipronil-Related Compounds in Process Streams during 
Conventional Wastewater and Wetland Treatment. Environ Sci Technol, 50(3), 1519-1526. 
(Both paper and the author’s supporting information are enclosed). 

11. Jennings, K. A., Canerdy, T. D., Keller, R. J., Atieh, B. H., Doss, R. B., & Gupta, R. C. 
(2002). Human Exposure to Fipronil from Dogs Treated with Frontline. Vet Human Toxicol, 
44(5), 301-303. 

12. Cochran, R. C., Yu, L., Krieger, R. I., & Ross, J. H. (2015). Postapplication Fipronil 
Exposure Following Use on Pets. J Toxicol Environ Health A, 78(19), 1217-1226. 

13. Heidler, J., & Halden, R. U. (2009). Fate of organohalogens in US wastewater treatment 
plants and estimated chemical releases to soils nationwide from biosolids recycling. J 
Environ Monit, 11(12), 2207-2215. 

14. Bay Area Clean Water Agencies (BACWA). February 3 2020 and July 7, 2017.Comment 
Letters on U.S. EPA Preliminary Ecological Risk Assessment for the Pyrethroid Insecticides. 

 
 
cc:   Rick P. Keigwin, Jr., Director, EPA OPP  

Elissa Reaves, Acting Director, Pesticide Re-Evaluation Division 
Tracy Perry, EPA OPP Pesticide Re-Evaluation Division 
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Patti TenBrook, EPA Region 9 
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Debbie Phan, California Regional Water Quality Control Board, SF Bay Region 
Val Dolcini, Director, California Department of Pesticide Regulation  
Jesse Cuevas, Deputy Director, California Department of Pesticide Regulation 
Nan Singhasemanon, Associate Director, California Department of Pesticide Regulation 
Jennifer Teerlink, California Department of Pesticide Regulation 
Kelly D. Moran, Urban Pesticides Pollution Prevention Partnership  
Chris Hornback, Chief Technical Officer, National Association of Clean Water Agencies 
Cynthia Finley, Director, Regulatory Affairs, National Association of Clean Water Agencies 
BACWA Pesticides Workgroup 
BACWA Executive Board 
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Appendix 1  
 

On-Pet Flea Treatments: 
Evidence for the Pathway to the Sewer 

 
Part I – Evidence for the Pathway to the Sewer 
 
There is mounting evidence that pesticides from pet flea control products (spot-ons and collars) 
have exposure pathways to the sewer. The research summary below is organized first by the 
consumer use, followed by specific studies throughout a sewage collection system and at 
POTWs. 
 
Pet Flea Control Products - Background 
The pesticidal mode of action for fipronil topical companion animal treatments is topical in 
nature, not systemic.2 These topical treatments are designed to impact one or more stages of the 
flea cycle through direct contact with the pesticide (rather than an adult flea biting the pet and 
obtaining the pesticide systemically with the consumed blood). Therefore, pesticides in topicals 
and collars are not meant to enter the pet’s bloodstream but rather are meant to stay on the pet’s 
fur in order to be effective.  
 
Pet Flea Control Products – Sewer Discharge Pathways 
Several scientific studies have examined the transport of active ingredients from pet flea control 
products onto surfaces, such as human hands, that are subsequently washed, completing a 
transfer pathway to the sewer system.  
 

• Spot-on treatment product to glove (hands) pathway: A 2012 study by Bigelow Dyk et al. 
presents additional evidence of transport of a pet flea control products onto human hands 
and through homes.3 In the study, researchers monitored transfer of fipronil (from a 
commercially available spot-on product) onto pet owners’ hands and within their homes 
over a four-week period following spot treatment application. Participants used cotton 
gloves to pet their dog or cat for 2 minutes at a time at specific intervals after the 
application (24 hours, 1 week, 2 weeks, 3 weeks, and 4 weeks). Participants also wore 
cotton socks for 2 hours a night for 7 nights in a row, for four consecutive weeks 
following application. The gloves, socks, and brushed pet hair were subsequently 
analyzed for fipronil and its degradates. Bigelow Dyk and colleagues also incorporated a 
fluorescent dye into the spot treatment to provide photographic evidence of spot-on 
pesticide transfer. The photographic results shown in the paper illustrate the transfer from 
the application location to other areas of the pet’s fur and onto the pet owners’ hands.  

 
Other studies documenting this pathway for fipronil are Jennings et al 2002 (enclosed) 
and Cochran et al 2015 (enclosed). 

 

 
 
2 McTier, T., et al., Comparison of the activity of selamectin, fipronil, and imidacloprid against flea larvae 
(Ctenocephalides felis felis) in vitro, Veterinary Parasitology, Vol. 116, pp 45-50, 2003. 
3 Bigelow Dyk, M., et al. (2012) Fate and distribution of fipronil on companion animals and in their indoor 
residences following spot-on flea treatments, Journal of Environmental Science and Health, Part B: Pesticides, Food 
Contaminants, and Agricultural Wastes, 47(10): 913-924 
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• Spot-on treatment product to glove (hands) pathway: A 2015 study by Litchfield et al. 

evaluated the transfer of permethrin and indoxacarb from a topical pet flea control 
treatment to people’s hands.4 In the study, the topical treatment was applied to dogs that 
had not received a topical treatment for at least two months. To simulate human exposure 
to the pesticides, “Glove sampling included the wipe sampling technique, which 
consisted of petting the dog forward and back along its back and sides, while avoiding the 
application site, for five minutes while wearing a 100% cotton glove.” The cotton glove 
samples were collected at days 0, 1, 2, 3, 7, 14, 21, 28, and 35. While the results showed 
that the largest mass of permethrin was transported within the first week, there continued 
to be measurable transfer to the gloves, even at day 35.  

 
• Pet collar to glove (hands) pathway: One such study by Davis et al. quantified glove 

transfer of tetrachlorvinphos from pet collars.5  We understand that the U.S. EPA team 
reviewing tetrachlorvinphos (EPA-HQ-OPP-2008-0316) has examined this paper and is 
planning to use the glove residue data following feedback from the U.S. EPA’s Human 
Subjects Review Board.6 

 
Based on the data from these studies characterizing topical flea control active ingredient transfer 
to owners’ hands7 and per capita pet population data, owner hand washing as well as washing of 
clothing and mopping of floors could be a significant source of pesticides to POTWs.8  
 
Evidence from Collection Systems 
California Department of Pesticide Regulation has completed a collection system (“sewershed”) 
study within the City of Palo Alto’s Regional Water Quality Control Plant service area. The 
study involved twenty-four hour time weighted composite samples (influent, effluent, and ten 
sites in the collection system). Samples were collected from several discharge-specific sites with 
potential for relatively large mass flux of pesticides (i.e., discharges from pet grooming 
operation, pest control operator, and a laundromat). The samples were analyzed for a suite of 
pesticides, including fipronil. Results from the pet-grooming site provide evidence that pet 
washing is a pathway for fipronil discharges to sewer systems (See 
https://www.cdpr.ca.gov/docs/emon/surfwtr/presentations/presentation_155_wastewater_flea_tic
k_topical_waters.pdf ). We encourage OPP to obtain the final results of this study, which should 
be published soon. 
 

 
 
4 Litchfield et al., “Safety Evaluation of Permethrin and Indoxacarb in Dogs Topically Exposed to Activyl® Tick 
Plus,” J Veterinar Sci Technology 2015, 6:2 http://dx.doi.org/10.4172/2157-7579.1000218. (enclosed) 
5 Davis, M., et al. (2008). "Assessing Intermittent Pesticide Exposure From Flea Control Collars Containing the 
Organophosphorus Insecticide Tetrachlorvinphos," J. of Exposure Science and Environ. Epidemiology 18:564-570. 
6 https://www.regulations.gov/document?D=EPA-HQ-OPP-2008-0316-0040 
7 Bigelow Dyk, M., et al. (2012) Fate and distribution of fipronil on companion animals and in their indoor 
residences following spot-on flea treatments, Journal of Environmental Science and Health, Part B: Pesticides, Food 
Contaminants, and Agricultural Wastes, 47(10): 913-924 
8 Sadaria, A.M., Sutton, R., Moran, K.D., Teerlink, J., Brown, J.V., Halden, R.U., 2017. Passage of fiproles and 
imidacloprid from urban pest control uses through wastewater treatment plants in northern California, USA. 
Environ. Toxicol. Chem. 36:6 1473-1482. 

https://www.cdpr.ca.gov/docs/emon/surfwtr/presentations/presentation_155_wastewater_flea_tick_topical_waters.pdf
https://www.cdpr.ca.gov/docs/emon/surfwtr/presentations/presentation_155_wastewater_flea_tick_topical_waters.pdf
http://dx.doi.org/10.4172/2157-7579.1000218
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Appendix 2 
 

Pet Flea Control Products: 
Alternatives Analysis 

 
Alternatives and Mitigation  
 
BACWA requests that U.S. EPA, in coordination with CDPR (which has extensive relevant 
information and expertise), veterinarians, and registrants, develop mitigation strategies for pet 
flea control products, including spot-ons and collars. Two specific topics are discussed below, as 
an effort to provide insight regarding mitigation options for flea control: 
 

• Alternatives: oral medications and integrated pest management appear effective 
• Optimization of application rates of pet flea control products 

 
Alternatives: Integrated Pest Management and Oral Medications  
Mechanical controls (e.g., vacuuming) appear to be key to avoiding a flea infestation in a home. 
Further, since the previous registration, there is now an opportunity provided by non-fipronil, 
non-imidacloprid/non-pyrethroid oral treatments that have come on the market in recent years 
(available for both dogs and cats) that could avoid the on-pet use of not only fipronil, but also 
alternatives that are problematic from the water quality perspective (e.g., neonicotinoids, 
pyrethroids, and indoxacarb). 
 
The fleas found on a pet are estimated to represent only 1-5% of the flea cycle in a home; the 
other 95% are found as eggs, larvae, pupae, and adult fleas throughout the home and surrounding 
environment.9 It takes about 18 days for a flea egg to grow into an adult flea, but in cool weather 
immature fleas can lay dormant in a pupal cocoon for up to 1 year. Adult fleas can live on a pet 
for 30 to 40 days. Fleas lay 20 to 50 eggs each day; consequently flea problems in residential 
settings can get out of control quickly.  

Therefore, to avoid repeat infestations, one must address all stages of this flea cycle including 
flea eggs, larvae and pupae.10 One way to do so is via non-pesticide mechanical controls, 
including frequent indoor vacuuming, washing of pet bedding, and use of an pet flea comb.11  In 
particular, vacuuming needs to be both thorough and frequent. It should include the pet sleeping 
area, floors, furniture and all upholstered or carpeted surfaces, including under cushions, 
furniture and in other hard to reach places. Regarding frequency, it turns out that during the 
pupal stage, the flea is encased in a shell that is not penetrated by pesticides. The act of 
vacuuming can speed up the process. Specific guidance from one study notes the following:  

"The vibration also stimulates adult fleas to emerge from their cocoons so that they can 
be collected in the vacuum machine. Therefore frequent vacuuming, during a flea 
infestation, can reduce the overall flea burden in the home. It should be ensured that 

 
 
9 Halos, L., et al. (2014). Flea Control Failure? Myths and Realities. Trends in Parasitology, 30:5 228-233. 
10 Ibid, 228-233.(enclosed) 
11 American Veterinary Medical Association (2009). External Parasites. 
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vacuum bags are disposed of properly, to prevent recolonization of the home with flea 
stages previously removed by vacuuming." 12 

 
Although spot-on pet flea control products currently dominate the pet flea control market, new 
oral medications have recently become available. The table on the following page summarizes 
the current state of available oral medications for pets. The new pills, which are registered by 
U.S. FDA rather than U.S. EPA, appear to eliminate aquatic (and human) exposure pathways and 
should be equally or more convenient for pet owners, once they have obtained a prescription 
from a veterinarian. The involvement of the veterinarian has the added benefit of providing pet-
specific guidance on flea control approach and safe dosage. Some studies indicate that oral 
medications may be more effective than topical spot treatments possibly because there is less 
reliance on proper application by the owner.13  
 
Optimization of Application Rates of Pet Flea Control Products 
Another consideration for pet flea control products is that of application rate. Given that these 
household and pet flea control products have a transport pathway to the sewer, it would be of 
great interest to understand whether manufacturers have optimized the amounts applied. While 
spot-ons and collars do come in different sizes based on pet weight, it is unclear whether that 
optimization was based solely on pet health or whether that is also the minimum dosage for 
effective flea control. 
 
 

 
 
12 "Biology, Treatment, and Control of Flea and Tick Infestations," Blagburn, B., and Dryden, M., Vet Clin Small 
Anim, 2009, Vol 39, pp 1173-1200. (enclosed) 
13 "Flea blood feeding patterns in cats treated with oral nitenpyram and the topical insecticides imidacloprid, fipronil 
and selamectin,"  McCoy, c., et al., Veterinary Parasitology, Vol. 156, pp 293-301, 2008. 
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List of Currently Available Oral Pet Treatments for Fleas (Alphabetical) 

Active 
Ingredient 

Example Product 
Names and 

Manufacturers 

Dogs, 
Cats or 
Both? 

Flea, Tick, 
Both Dose Schedule Adulticide? 

Insect 
Growth 

Regulator? 

Chemical 
Family 

Year 
Registered 

Afoxolaner Nexgard (Merial) Dogs 
only Both 1 month X No Isoxazoline14 2013 

Fluralaner Bravecto (Merck) Dogs 
only Both 2-3 months X No Isoxazoline 2014 

Lufenuron 

Program 
(Novartis) and 
Sentinel (that also 
includes a 
heartworm 
pharma) 

Both 

Flea eggs, 
as well as  

hookworms, 
roundworms 

1 month No X Benzoylurea 1995 (for 
dogs) 

Nitenpyram  
Capstar 
(Novartis), 
Capguard (Sentry) 

Both Flea 

A few hours only 
(meant for 
immediate 

infestation control) 

X No Neonicotinoid 2000 

Sarolaner 
Simparica (Zoetis, 
a subsidiary of 
Pfizer) 

Dogs 
only Both 1 month X No Isoxazoline 2016 

Spinosad Comfortis and 
Trifexis (Elanco) Both Flea 1 month X No 

Spinosyn, 
macrocyclic 
lactone 

2007 
(approx) 

 

 
 
14 Flea products from the isoxazoline chemical family are new to the marketplace; therefore pet health insights are largely limited to the studies conducted by the manufacturers 
and the packaging text required by the FDA. There appears to be no published information about health and safety beyond the manufacturer guidance in the MSDS. Due to the 
application method (pill), human exposure is likely small, though no data are available to verify this assumption. 
 



Chapter 5

Occurrence and Sources of Pesticides to
Urban Wastewater and the Environment

Rebecca Sutton,1 Yina Xie,2 Kelly D. Moran,3 and Jennifer Teerlink*,2

1San Francisco Estuary Institute, 4911 Central Avenue,
Richmond, California 94804, United States

2California Department of Pesticide Regulation, 1001 I Street,
Sacramento, California 95814, United States

3TDC Environmental, LLC, 462 East 28th Avenue,
San Mateo, California 94403, United States
*E-mail: Jennifer.Teerlink@cdpr.ca.gov.

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

© 2019 American Chemical Society
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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).

66
 Goh et al.; Pesticides in Surface Water: Monitoring, Modeling, Risk Assessment, and Management 

ACS Symposium Series; American Chemical Society: Washington, DC, 2019. 



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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alathion
[27],m

etribuzin
[6],m

olinate
[2],napropam

ide
[7],parathion

[10],parathion-m
ethyl[15],pebulate

[4],pendim
ethalin

[22],
phorate

[11],propachlor[10],propanil[11],propargite
[20],propyzam

ide
[4],tebuthiuron

[16],terbacil[34],terbufos[17],thiacloprid
[0.1],thiam

ethoxam
[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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Abstract: Urban pest control insecticides—specifically fipronil and its 4 major degradates (fipronil sulfone, sulfide, desulfinyl, and
amide), as well as imidacloprid—were monitored during drought conditions in 8 San Francisco Bay (San Francisco, CA, USA)
wastewater treatment plants (WWTPs). In influent and effluent, ubiquitous detections were obtained in units of ng/L for fipronil (13–
88 ng/L), fipronil sulfone (1–28 ng/L), fipronil sulfide (1–5 ng/L), and imidacloprid (58–306 ng/L). Partitioning was also investigated; in
influent, 100% of imidacloprid and 62� 9% of total fiproles (fipronil and degradates) were present in the dissolved state, with the balance
being bound to filter-removable particulates. Targeted insecticides persisted during wastewater treatment, regardless of treatment
technology utilized (imidacloprid: 93� 17%; total fiproles: 65� 11% remaining), with partitioning into sludge (3.7–151.1mg/kg dry wt
as fipronil) accounting for minor losses of total fiproles entering WWTPs. The load of total fiproles was fairly consistent across the
facilities but fiprole speciation varied. This first regional study on fiprole and imidacloprid occurrences in raw and treated California
sewage revealed ubiquity and marked persistence to conventional treatment of both phenylpyrazole and neonicotinoid compounds. Flea
and tick control agents for pets are identified as potential sources of pesticides in sewage meriting further investigation and inclusion in
chemical-specific risk assessments. Environ Toxicol Chem 2016;9999:1–10. # 2016 SETAC

Keywords: Insecticide Water quality Persistant organic pollutants (POPs) Fate and transport Pesticides

INTRODUCTION

Over the last decade, 2 newer insecticides, fipronil and
imidacloprid, have gradually replaced older active ingredients
in common urban pest control applications, such as pet flea
treatments and professional insect control products [1,2]. The
phase-out of most organophosphate insecticides for urban uses
in the early 2000s opened markets that soon were filled by
fipronil and imidacloprid formulations. Continued growth of
urban uses is likely in the present decade in large part because of
the replacement of pyrethroids, an older class of insecticides
that are widely detected in urban streams and have come
under scrutiny for adverse impacts on the health of aquatic
invertebrates [3–6], findings that triggered federal and state
regulatory responses [7,8]. Fipronil, a phenylpyrazole insecti-
cide, has multiple urban uses including sprays for the outdoor
perimeter of buildings to control ants and other insects,
underground injections to control termites, pet treatments
for fleas and ticks, gels for crack and crevice treatment,
insect control baits, and, except in California, landscape
maintenance [1,9,10]. Imidacloprid, a neonicotinoid insecticide,
has urban applications in lawn and landscape maintenance,
outdoor structural pest control, indoor bedbug and nuisance
insect control, underground injections to control termites,
and pet treatments for fleas and ticks [1,11]. Imidacloprid is
also used as an insecticidal component of manufactured

materials such as polystyrene insulation, vinyl siding, adhe-
sives, sealants, textiles for outdoor uses, and pressure-treated
wood decking [11–13].

Both pesticides are toxic to sensitive aquatic invertebrates at
low parts-per-trillion concentrations (<100 ng/L) [14,15]. In
2007, the US Environmental Protection Agency (USEPA)
established aquatic life benchmarks for fipronil (11 ng/L), as
well as its degradates fipronil sulfone (37 ng/L), fipronil sulfide
(110 ng/L), and fipronil desulfinyl (590 ng/L) based on chronic
exposure studies of multiple freshwater invertebrates [16].
Recently published invertebrate toxicity data [15] show chronic
effects to aquatic invertebrates at concentrations of 7 ng/L to
8 ng/L for fipronil sulfone and 9 ng/L to 11 ng/L for fipronil
sulfide, lower than the USEPA’s 2007 benchmarks. Fish appear
to be less sensitive to fipronil and its degradates; USEPA
chronic aquatic life benchmarks for freshwater fish range from
6600 ng/L for fipronil to 590 ng/L for fipronil desulfinyl [16]. In
2008, the USEPA established an aquatic life benchmark of
1050 ng/L for imidacloprid based on chronic exposure studies of
Daphnia magna [11]. However, a recent summary of chronic
toxicity data indicates that mayflies can experience effects such
as immobilization after long-term exposure at concentrations of
less than 100 ng/L and that the majority of other invertebrates
studied are 100 to 1000 times more sensitive to imidacloprid
than D. magna [14]. A more recent evaluation by the European
Union of imidacloprid toxicity data [17] has established a
predicted no-effect concentration (PNEC) of 4.8 ng/L; this was
based on species sensitivity distribution information incorpo-
rating recent toxicity data, such as the mayfly nymph
immobilization effective concentration, 10% (EC10) value of
approximately 30 ng/L [18]. Fish are less sensitive to
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imidacloprid, as evidenced by the USEPA fish chronic
benchmark of 1.2mg/L [11].

Both fipronil and imidacloprid are commonly detected in
urban streams [6,19,20]. For example, a survey of storm drains
in California found median levels of fipronil to be 33 ng/L
in northern California and 76 ng/L in southern California;
fipronil sulfone (medians of 26 ng/L and 77 ng/L for northern
and southern California, respectively) and fipronil desulfinyl
(medians of 15 ng/L and 41 ng/L for northern and southern
California, respectively) were also frequently detected [6,19].
Another California survey of urban surface waters measured
maximum imidacloprid levels of 160 ng/L during the dry season
and 670 ng/L during the wet season [6].

For both of these pesticides, relatively few data are available
concerning levels in urban wastewater before and after
treatment. This data gap also exists for treated and untreated
wastewater sludge, despite ubiquitous urban application of
these pesticides, as well as the demonstrated presence of
another group of popular urban insecticides, the pyrethroids, in
treated wastewater and biosolids [21]. Fipronil has been
detected in treated wastewater discharged by 9 of 25 US
wastewater treatment plants (WWTPs; <10–70 ng/L) [22];
6 Florida WWTPs (16–110 ng/L) [23]; 7 of 9 Oregon and
Washington municipal WWTPs (27–130 ng/L) [24]; 2
California WWTPs (<1–57 ng/L) [15]; and 1 southwestern
US WWTP (13–21 ng/L) [25]. Some of the facilities studied
thus far treat a mixture of wastewater and urban runoff
(California, 1; Florida, 6). Past measurements of influent and
effluent suggested little if any removal of fipronil during typical
wastewater treatment [15,22,23,25]. However, prior studies
were sometimes limited by featuring approximately 2- to
50-fold higher method detection limits, failing to monitor all
major fipronil transformation products, or omitting analysis of
suspended particulates that were removed by filtration or other
treatment prior to analysis [15,22,23,25]. Presently available
and still limited data on fipronil degradates suggest sporadic,
low-level occurrence of fipronil desulfinyl [15,23,24], as well as
fipronil sulfone, sulfide, and amide [25], in wastewater
treatment flows. Fipronil and its degradates were also detected
in 2 effluent-dominated rivers in southern California during low
flow conditions [26]. Available data suggest that concentrations
of fipronil in treated effluent frequently approach or exceed
USEPA chronic invertebrate aquatic life benchmark [25,26].

Fipronil and its degradates, jointly referred to as total
fiproles, feature logarithmic octanol–water partitioning coeffi-
cient (logKOW) values > 4. This characteristic enables them to
sorb to particles in wastewater that settle during treatment,
ultimately leading to a sequestration of fipronil-related
compounds in sewage sludge and treated sludge deemed fit
for application on land (biosolids). Two studies have reported
measurable concentrations of fipronil and degradates in this
matrix [22,25].

Likewise, few studies have examined imidacloprid in
municipal wastewater. Imidacloprid was detected in <10% of
treated effluent samples from 52 Oregon municipal WWTPs
(202–387 ng/L), using a higher method detection limit of
200 ng/L; influent and biosolids were not sampled [27]. To date,
there are no published studies reporting on measured
imidacloprid levels in biosolids, possibly because the low log
KOW value of imidacloprid (<1) does not suggest partitioning
into sludge as an important process. Studies of imidacloprid in
wastewater in China and Spain (where allowable uses may
differ from those in the United States) suggest that typical
treatment technologies may result in low removal of

imidacloprid from the liquid phase prior to discharge into
receiving waters [28,29]. A study of an effluent-dominated
waterway in Iowa indicated that treated wastewater can
introduce imidacloprid to receiving waters [20].

In the present study, we explored the presence of fipronil, its
4 major degradates, and imidacloprid in urban wastewater
before and after treatment, providing the first regional set of data
for WWTPs across varying treatment technologies. Further-
more, to add to still limited literature data, we also analyzed
sludges from the sampled plants for insecticide occurrence.
Finally, we assessed sources related to urban uses of these
pesticides.

MATERIALS AND METHODS

Standards and reagents

High-performance liquid chromatography (HPLC)–grade
organic solvents (methanol, acetone, methylene chloride, and
hexane) and water were purchased from Sigma-Aldrich and
Thermo Fisher Scientific, respectively. Analytical standards of
imidacloprid, fipronil, fipronil desulfinyl, and deuterated labeled
standard [d4] imidacloprid were obtained from Sigma-Aldrich.
Analytical standards of fipronil sulfide, sulfone, and amide were
obtained from Bayer and BASF. Labeled [13C2

15N2] fipronil
and [13C4

15N2] fipronil sulfone were bought from Toronto
Research Chemicals and Cambridge Isotope Laboratories,
respectively. Stock solutions of analytical standards were
prepared in acetonitrile and stored at –20 8C.

Sample collection

Single 24-h composite samples of influent and effluent were
collected from each of 8 facilities that discharge to San
Francisco Bay (San Francisco, CA, USA). Facilities that
provided samples were selected based on multiple factors,
including higher discharge levels, geographic diversity, and
range of treatment technologies (secondary only vs tertiary
filtration; Table 1). As a consequence of drought-related water
use restrictions, facilities were operating well below capacities
(Table 1). One facility sampled serves only a large airport and
the associated operations. The remaining 7 locations, represen-
tative of more typical municipal WWTPs, had per capita daily
influent flows of 235 L/person/d to 302 L/person/d. Autosam-
plers at all facilities provided flow-weighted composite
samples, with the exception being the San Jos�e–Santa Clara
influent compositer, which provides a flow-weighted composite
of 6 subsamples collected regularly throughout the 24-h period.
Wastewater recycling, including reverse osmosis treatment of
<10% of the San Jos�e–Santa Clara facility secondary effluent,
reduces effluent flow. Reverse osmosis recycling returns a
concentrate that is mixed with effluent prior to discharge. The
sampling location includes the returned concentrate volume and
represents roughly 2% of the total effluent volume.

Influent, effluent, and dewatered/treated sludge samples
were collected simultaneously during mid-week of Septem-
ber 2015. The San Francisco Bay region is subject to a mild,
Mediterranean climate; September is within the dry season and
was selected specifically as an appropriate period of study to
avoid rainfall-related inflow and infiltration. Inflow of urban
runoff would include fiproles and imidacloprid; by excluding
runoff as a potential source, the study design allows specific
insight regarding indoor sources. Of note, none of the facilities
typically treat storm water. The mild climate in this coastal
region also allows fleas to flourish year-round [30], motivating
continued residential use of flea control pesticides. Wastewater
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samples were collected in 2-L amber glass jars to which the
biocide Kathon CG/ICP (for more information see the
Supplemental Data) and sodium thiosulfate were added for
disinfection and preservation. Sludge samples were collected in
0.5-L amber glass jars. Wastewater samples were refrigerated at
4 8C and analyzed within 10 d of collection, and sludge samples
were stored at –20 8C until extraction.

Extraction of influent solid and biosolids samples.

Wastewater influent was separated into aqueous phase and
particulates and analyzed separately to determine the distribu-
tion and total mass loading of pesticides entering the WWTPs.
For this purpose, influent samples were centrifuged at 3000 g for
5min, and settled particulates were dried under a gentle stream
of nitrogen. Analyte extraction of solids from influent and of
biosolids was performed using established protocols [25,31].
One gram of nitrogen-dried solid sample was spiked with 20 ng
of labeled [13C2

15N2] fipronil, [
13C4

15N2] fipronil sulfone, and
200 ng of labeled [d4] imidacloprid, extracted with 10mL
acetone, twice, by 24 h of shaking, followed by 1 h of sonication.
Later, extracts were centrifuged, supernatants were nitrogen-
dried and reconstituted to 2mL hexane, and Florisil cleanup
(solid-phase extraction with a sorbent bed containing mixture of
magnesium oxide and silica gel) was performed. Analytes were
eluted successively from a Florisil cartridge (Sep-Pak Vac
Florisil Cartridge 6 cc containing 1 g of sorbent; Waters) with
4mLmethylene chloride and 4mL acetone. Later, 1mL of each
extract was mixed, evaporated with nitrogen, and reconstituted
to 1mL of water and methanol solution (50:50, v/v) for fipronil
and its degradates (sulfone, sulfide, and amide). Similarly,
extracts were mixed, dried, and reconstituted to 1mL of hexane
for fipronil desulfinyl, and 1mL of water, methanol, and formic
acid solution (80:20:0.1, v/v/v) for imidacloprid analysis.

Extraction of wastewater samples

The wastewater extraction protocol was similar to that
described in previous studies [25,31]. First, 20 ng of labeled
[13C2

15N2] fipronil and [13C4
15N2] fipronil sulfone, and 200 ng

of labeled [d4] imidacloprid were spiked to a 500-mL
wastewater sample. Later, samples were loaded on a cartridge
having reverse-phase functionalized polymeric styrene

divinylbenzene sorbent (Strata X & XL, 500mg/3mL;
Phenomenex) using an automatic solid-phase extraction
instrument (Dionex AutoTrace 280; Thermo Scientific) at a
constant flow rate of 2mL/min. Cartridges were eluted with
8mL of methanol and formic acid mixture (95:5, v/v). Extracts
were dried and reconstituted similarly to solid samples and
prepared for analysis by chromatography separation and tandem
mass spectrometry (MS/MS).

Chromatography separation and MS/MS

Imidacloprid, fipronil, and degradates, except for fipronil
desulfinyl, were separated by liquid chromatography (LC) and
detected and quantified by electrospray ionization�MS/MS.
Liquid chromatography mass spectrometric analyses were
performed using a Shimadzu Prominence HPLC (Shimadzu
Scientific) coupled to an ABSciex API-4000 MS/MS (Applied
Biosystems). Liquid chromatographic separation was achieved
by an XBridge C8-column (3.5-mm particle size, 2.1mm�
100mm;Waters). The injection volume was 50mL. For fipronil
and its degradates, the mobile phase consisted of water and
methanol at a total flow rate of 0.2mL/min with a total runtime
of 10min. The binary gradient consisted of 40% methanol with
a 5-min ramp of 10% solvent content increase perminute to 95%
methanol, where it was held for 3.5min. For imidacloprid, the
mobile phase consisted of 0.1% formic acid in water and
methanol at a total flow rate of 0.2mL/min with a total run time
of 12min. The binary gradient consisted of 20% methanol with
a 6-min ramp of 16.7% solvent content increase per minute to
95% methanol, where it was held for 3.5min. The electrospray
ionization probe was operated in negative mode for fipronil and
its degradates, and in positive mode for imidacloprid. Multiple
reaction monitoring was used for qualitative analysis. Fipronil
desulfinyl was analyzed using gas chromatography–electron
impact–MS/MS because it exhibited a considerably lower
detection limit than LC�MS/MS (see the Supplemental Data).

Quality assurance and quality control

For every 5 samples analyzed, 1 method blank was included
in the analytical batch. Matrix spike and matrix spike duplicates
were performed at a frequency of 1-in-4 and 1-in-6 for
wastewater and solids, respectively. Replicate analyses were

Table 1. Characteristics of wastewater treatment plants and processes monitored in the present study

Wastewater treatment
TSS

(mg/L)

WWTP
Population served

(thousands)
Plant capacity

(MGD) Primary Secondary Disinfection Advanced
Sludge
treatment

Influent flow
(MGD)

HRT
(h) Inf Eff

SFTP a 2.2 PS SBR Cl2 — AD 0.45 5.75 1004 20
PARP 220 39 PS FFR, AS UV F NT 16.86 22 322 <1
SJSC 1400 167 PS AS Cl2 F AD 92.76 9 315 1
SLWP 55 7.6 PS FFR, AS Cl2 — AD 4.15 10 517 9
SMWP 140 15 PS AS Cl2 F AD 9.02 14.6 414 9
EBMUD 650 120 PS AS Cl2 — AD 45.00 15 340 11
FSSD 139 23.7 PS AS UV F AD 11.21 24 237 <1
CCSD 471 53.8 PA, PS AS UV — NT 29.27 6.5 312 8

aAnnually, 56 million people pass through airport facilities.
WWTP¼wastewater treatment plant; MGD¼million gallons per day; HRT¼ hydraulic retention time; TSS¼ total suspended solids; Inf¼ influent;
Eff¼ effluent; SFTP¼San Francisco International Airport CommissionMel Leong Treatment Plant; PARP¼City of Palo Alto RegionalWater Quality Control
Plant; SJSC¼San Jose-Santa Clara Regional Wastewater Facility; SLWP¼San Leandro Water Pollution Control Plant; SMWP¼City of San Mateo Waste
Water Treatment Plant; EBMUD¼East Bay Municipal Utility District Wastewater Treatment Plant; FSSD¼Fairfield-Suisun Sewer District Wastewater
Treatment Plant; CCSD¼Central Contra Costa County Sanitary District Treatment Plant; PS¼ primary sedimentation; PA¼ pre-aeration; SBR¼ sequential
batch reactor; FFR¼fixed film reactor; AS¼ activated sludge; Cl2¼ chlorine disinfection; UV¼ ultraviolet disinfection; F¼filtration; AD¼ anaerobic
digestion; NT¼ no treatment;
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performed at a frequency of 1-in-3 and 1-in-5 for wastewater
and solids, respectively, to determine relative percentage
deviation. Field duplicates (blind samples) were also collected
and analyzed for all analytes for quality assurance. Every
shipment of samples included 1 field/trip blank to judge the
integrity of sample handling and shipping.

Method performance

The MS/MS method targeted analytes by monitoring 2 ion
transitions. Mass spectrometry parameters optimized for
multiple reaction monitoring are provided in Supplemental
Data, Table S1. Method detection limits of analytes in
wastewater ranged from 0.1 ng/L to 0.8 ng/L and in sewage
particulates from 0.1mg/kg to 1.1mg/kg dry weight (Supple-
mental Data, Table S2) [25,31]. Relative percentage difference
values determined for the studied analytes in samples and in the
corresponding duplicates (laboratory and field duplicates)
averaged 11� 12%. Absolute recoveries (average� standard
deviation) of analytes in all matrix spike and matrix spike
duplicate samples were 58� 30%, and relative recoveries
(isotope-corrected) were 98� 10%. Field blanks and method
blanks (included to monitor for postsample collection contami-
nation) showed no detectable levels of analytes.

RESULTS AND DISCUSSION

Detection of fipronil and its degradates in wastewater treatment
streams

Fipronil, fipronil sulfone, and fipronil sulfide were detected
with 100% detection frequency in all influent and effluent
samples of 8 WWTPs analyzed (Figure 1; Supplemental Data,
Tables S3 and S4). Fipronil amide, a product of fipronil
hydrolysis, was absent in all influent samples (<0.3 ng/L), but
was detected in effluent samples of 7 of 8 WWTPs, suggesting
that hydrolysis took place primarily during biological treatment.
The photolysis degradate, fipronil desulfinyl, was detected only
in a single WWTP, in both influent and effluent. In this and 2
additional WWTPs, ultraviolet disinfection was performed but
it did not lead to increase in the photolysis degradate. In all
WWTPs examined, fipronil and fipronil sulfone were the most
prevalent fiproles by concentration. In the aqueous phase of

influent and effluent samples, fipronil concentrations ranged
between 8.6 ng/L and 74.9 ng/L and between 14.3 ng/L and
48.6 ng/L, respectively, and fipronil sulfone concentrations
ranged between 1.1 ng/L and 11.9 ng/L and between 1.1 ng/L
and 16.3 ng/L, respectively. For 6 of the 8 WWTPs studied,
sulfone concentration in the effluent was greater than the
aqueous phase influent concentration (Figure 1). Fipronil
sulfide, amide, and desulfinyl concentrations were less than
5 ng/L. Although the WWTPs studied performed a variety of
treatment processes (Table 1), fipronil persistence was roughly
comparable across all treatment regimes. Paired t test revealed
that the total molar concentration of all fipronil-related
compounds in aqueous phase influent and effluent at all
8 WWTPs was statistically indistinguishable (p¼ 0.95);
however, it should be noted that the sampling strategy was
not designed to account for hydraulic retention time (HRT) of
treatment trains and instead was meant to yield an average
concentration over a 24-h time period.

Distribution of fipronil and its degradates in wastewater

Previous studies have analyzed wastewater samples by
filtering [15,23] or by analyzing supernatants [22,25]. As
fipronil and its degradates have log KOW values > 4
(Supplemental Data, Table S2), there may be a considerable
mass bound to the particulate fraction, unassessed by previous
studies of influent. Among all 8WWTPs studied, themajority of
fipronil (76� 8% by mass) was present in the aqueous phase
(Supplemental Data, Figure S1). For fipronil sulfone, however,
66� 7% of the mass was particulate bound. Fipronil sulfide, the
anaerobic degradate, was present in the particulate fractions
of all influent samples but was not detected in the aqueous
phase (method detection limit¼ 0.2 ng/L). Of note, the molar
distribution of fiproles in the influent phases likely reflects
biotransformation in the sewer as well as physical partitioning
and potential other, nonhydrophobic interactions. Individual
mass distributions of fipronil and its degradates in all influent
samples is provided in the Supplemental Data, Table S5. Of the
total molar mass of fiproles, 62� 9% was present in the
dissolved phase, and a considerable fraction (38� 9%) was
particulate bound, which reflects the intermediate log KOW

values of fipronil and its degradates. Measured concentrations
in different phases of analytes are provided in Supplemental
Data, Table S3 and S4. As effluent samples featured low
total suspended solids values between <1mg/L and 20mg/L,
extraction and analysis of particulates from effluent was not
feasible; however, considering the low amounts of particulates
in treated effluent, calculations suggest that the sorbed mass of
fipronil-related compound on effluent particulates was less than
0.75% of the total.

Among all 8 treatment facilities studied, the molar
distribution of fipronil and its degradates differed by treatment
stream and matrix, but some general trends were consistently
seen across all WWTPs investigated (Figure 2). In influent,
significant differences in the molar distribution of fipronil and
its degradates were evident within the aqueous versus
particulate phases. Aqueous phase influent was composed of
86� 3% fipronil and 14� 3% sulfone. In particulates, the molar
distributions of fipronil, sulfone, and sulfide were 44� 4%,
46� 8%, and 9� 8%, respectively. Total influent was
comprised of 70� 3% fipronil, 26� 4% sulfone, and 4� 4%
sulfide. Individual molar distributions for each influent sample
are provided in Supplemental Data, Table S5. Discharged
effluent, on average, carried fiproles distributed in the following
way: 74� 6% fipronil, 18� 6% sulfone, 4� 1% sulfide, 3� 2%

Figure 1. Detected concentrations of fipronil and its degradates (ng/L) in
the dissolved phase from 8 wastewater treatment plants in northern
California. Red horizontal lines indicate published chronic toxicity values
for Chironomus dilutus, a freshwater invertebrate [15]. Inf¼ influent;
Eff¼ effluent.
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amide, and 1� 1% desulfinyl. The small variability observed
in the molar distribution in effluent from different treatment
plants also suggests that the proportion of the fipronil and its
degradates is not strongly influenced by factors such as unit
operations, HRT, and sludge age.

Fate of fipronil and its degradates in wastewater and comparison
with previous studies

On a molar concentration basis, 65� 11% of the sum of
fipronil and its degradates entering each facility (considering
both aqueous and particulate phases of influent) was measured
in effluent. As mentioned earlier, aqueous phase influent
contained 62� 9% of the total fiprole loading, also suggesting
no significant removal from the aqueous phase during treatment,
with reductions largely attributable to fiprole removal via
partitioning to settleable particulates from the waste stream.

Detected total concentration (aqueous phaseþ sorbed phase)
of the present study, termed “California 2015,” are compared
with previous studies in Figure 3. Influent and effluent of the
same 8WWTPs were analyzed by the California Department of
Fish and Wildlife’s Water Pollution Control Laboratory in fall
2014 at the behest of the Regional Monitoring Program for
Water Quality in San Francisco Bay; however, the method of
isotope dilution was not employed. Furthermore, neither sludge
samples nor imidacloprid were analyzed, and samples were
filtered prior to analysis. Therefore, data obtained in the 2014
study do not account for fipronil mass sorbed to wastewater
particulates. The corresponding results are listed in Figure 3 as
“California 2014,” and concentrations detected are provided in
Supplemental Data, Table S6. A comparison of concentrations
and detection frequency of other studies shows the northern
California data to be mostly consistent with those of prior work
in different geographic regions (Figure 3). A study in the
southwestern United States [25] is excluded from the compari-
son in Figure 3, as it studied fipronil and its degradates in only
a single facility.

Accumulation of fipronil and its degradates in solids

Six of 8 treatment facilities performed anaerobic digestion of
excess solids to produce treated sludge, whereas the remaining

2 facilities incinerated wastewater sludge after dewatering. The
molar distribution of fipronil and its degradates in solids was
consistent among WWTPs, but differed between anaerobically
digested (biosolids) and untreated sludge (Figure 2). Raw
excess sludge had 51� 5% fipronil, 43� 2% sulfone, 5� 2%
sulfide, and 1� 1% amide, a molar distribution resembling that
observed for influent-borne particulates (Figure 2). In anaero-
bically digested sludge, the molar distribution was different,
with the anaerobic degradate fipronil sulfide accounting for
35� 11% and fipronil for only 8� 4% of all fiproles, indicating
biotransformation of fipronil as a result of the treatment. The
molar distribution of fipronil sulfone (56� 9%) and amide
(2� 1%) was somewhat similar to that of untreated sludge.
Individual molar distributions for solids from each WWTP are
provided in Supplemental Data, Table S5.

Fipronil (0.2–44.1mg/kg) and the sulfone (1.6–91mg/kg)
and sulfide (0.7–60.3mg/kg) degradates were detected with
100% detection frequency, and fipronil amide was detected with
88% detection frequency (Figure 4). In the digested sludge
produced by 6 of the 8 WWTPs, concentrations of the fipronil
degradates sulfone and sulfide were considerably higher than
those of the parent compound; this stands in sharp contrast to the
composition of the (undigested) sludges produced in 2 facilities
utilizing dewatering and incineration. Fipronil desulfinyl was
not detected in any of the sludges. Only 2 prior studies have
detected fipronil in sludge or biosolids. One of these studied
fipronil only in sludge samples of 25 facilities nationwide [22],
and another studied fipronil and its degradates in a single facility
performing anaerobic digestion for solids treatment [25].
Detected total fipronil concentrations in these studies ranged
between 3mg/kg and 180mg/kg, which is comparable to the
levels observed in the present study (3.7–151.1mg/kg as
fipronil).

Detection of imidacloprid in wastewater treatment streams

Imidacloprid was detected with 100% detection frequency in
all influent (58.1–306.1 ng/L) and effluent (83.8–305.2 ng/L)
samples and was never detected in any of the sludge samples
from the 8 WWTPs examined (Figure 5; Supplemental Data,
Table S7). In influent, imidacloprid was only detected in the
aqueous phase and was not detected on sewage particulates.
Although the WWTPs studied employed different treatment
processes (Table 1), the occurrence post-treatment of imida-
cloprid was a phenomenon extant at all facilities. Although
sampling did not account for HRT, effluent concentrations
accounted for 93� 17% of the loading arriving at the WWTPs
on a concentration basis. Thus, none of the diverse treatment
processes sampled was effective at imidacloprid removal.

At the San Francisco Airport WWTP, imidacloprid concen-
trations in effluent were approximately 3 times higher than
influent levels, suggesting inconsistent loading into this facility
that provides sanitary services to a major US airport. Alternate
explanations could not be supported with available evi-
dence [32]. Higher effluent than influent concentrations were
not suggested to result from signal suppression because of
matrix effects during the LC–MS/MS detection, as an isotope
dilution method was used. Furthermore, proper sample
preservation measures were taken, and no rainfall events
occurred during the sampling event. Thus, the most likely
reason for the observation was inconsistent loading at the
treatment facility, particularly given that the sampling strategy
was not designed to account for the HRT of the treatment train.

When this facility was excluded from the analysis, a 2-tailed
paired t test for the remaining 7 plants revealed that influent and

Figure 2. Molar distribution of fipronil and its degradates in treatment
streams of 8 wastewater treatment plants. Error bars indicate standard
deviation ormin/max values when only 2measurements were available (i.e.,
for untreated sludge).
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effluent concentrations were statistically indistinguishable
(p¼ 0.49; 95% confidence level), supporting the conclusion
of pass-through of imidacloprid.

Levels of imidacloprid in effluent of northern California
facilities determined in the present study are generally higher

than those observed in a recent assessment of 12 WWTPs from
across the United States, which reported a concentration range
of 18.5 ng/L to 146.4 ng/L, a dataset included in Figure 5 [31].
An earlier study of effluent from 52 Oregon WWTPs found a
relatively low level of detection (9.8% detection frequency);

Figure 3. Concentrations of fipronil and its degradates in wastewater samples from 8 California wastewater treatment plants (present study) contrasted with data
from past studies [15,22–24]. Years correspond to sampling period. df¼ detection frequency of compound in process flow; inf¼ influent; eff¼ effluent;
SD¼Supplemental Data.

Figure 4. Concentrations of fipronil and its degradates detected in sludge samples obtained from 8 wastewater treatment plants in northern California in 2015.
Highlighted in red italics are facilities not performing anaerobic treatment. In the plot, amide concentrations (highlighted blue) correspond to the secondary
y-axis. See Table 1 for definition of site abbreviations.
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effluents with detectable imidacloprid had levels in the range of
202 ng/L to 387 ng/L (Figure 5) [27]. A limit of quantification of
200 ng/L [27], significantly higher than the method detection
limit of the present study (0.6 ng/L), may account to some extent
for the difference in results observed. Higher overall concen-
trations and detection frequencies in effluent from northern
California may reflect regional, seasonal, and/or climate-related
differences from other sampled facilities, such as lower dilution
caused by drought-related water use reductions, presence of
pests during all seasons because of the mild coastal climate, and
pesticide use responding to regional pest pressures (e.g., high
flea populations in California coastal areas) [30], suggesting the
value of understanding regional and seasonal factors to inform
estimates of the potential loading of imidacloprid in wastewater.

Fipronil and imidacloprid sources

Examination of the per capita influent load of wastewater
pollutants can be instructive, as it eliminates effects of flow
differences among WWTPs and provides a reference discharge
quantity for comparison with various potential sources. For the
7 typical municipal WWTPs in the study, the measured per
capita influent loads expressed in nanomoles per person per day,
for fiproles (54� 9 nmol/person/d, mean� standard deviation)
and imidacloprid (190� 80 nmol/person/d) were relatively
consistent. The concentration of contaminants in wastewater
influent can vary by several orders of magnitude over the course
of a single day for a single analyte, so a low variability in daily
per capita load suggests a larger number of ubiquitous sources
rather than episodic concentrated sources [33–35]. Although
episodic discharges from spills, cleanup, or improper disposal of
a pesticide are possible, such an event was not likely captured
during this sampling event, as evidenced by similar per capita
influent loads at all WWTPs.

As regulated pesticides, fipronil and imidacloprid have
limited indoor uses in California: pet flea control, crack and
crevice treatments intended for out of the way locations, and
containerized bait stations [1,9]. All uses are considered
unlikely to entail discharges to the sewer system [10,11].

A simple conceptual model (Figure 6) clarifies potential
pathways between fipronil and imidacloprid use and the sewer
system and facilitates examination of the potential importance

of each discharge source. Although no fipronil and imidacloprid
products, for either indoor or outdoor use, are designed to be
directly discharged to indoor (sewer) drains, actions after use—
such as bathing pets treated with flea control products, washing
hands and other surfaces that come in contact with treated areas
or pets, or wet-mopping treated indoor areas—provide indirect
pathways for introduction of both pesticides to the sewer.
Outdoor-use pesticides can enter sewer systems through
cleaning of surfaces containing pesticides tracked indoors by
pets and humans after outdoor applications. Leaching into sewer
lines (which are not water tight) during underground building
treatments is another possible pathway. However, leaking sewer
laterals as a pathway would vary as a function of age of building
sewer infrastructure. Drinking water supply may potentially be
a source for contaminants. Although imidacloprid and fipronil
concentrations have not been reported in any of the diverse
water systems serving the 7WWTPs, there is no or very limited
agricultural and urban influence on drinking water sources for
all but 2 of the WWTPs (Supplemental Data, Table S8). The
low variability of per capita influent loads in the 7 municipal
WWTPs, despite differing building sewer infrastructure ages
and differing water sources, renders tap water an unlikely or
minor source that nevertheless deserves future investigation. A
third indirect source—human waste—has been verified for
imidacloprid, which is known to be present in human urine [36],
but is only suspected for fipronil based on rat oral exposure
studies where most fiprole mass was excreted in feces [37]. As
noted, episodic discharges from spills, cleanup, and improper
disposal are likely small pathways, given the low data
variability.

An examination of potential pathways suggests that pet flea
treatments may be the primary source of both pesticides in
WWTP influent. Pet flea treatments have typical concentrations
of 9.8% fipronil and 9.1% imidacloprid; single pet applications
involve 0.07 g to 0.4 g fipronil or 0.04 to 0.4 g imidacloprid.
In contrast, the only other type of uncontainerized indoor
treatments—crack and crevice applications—entails pesticide
concentrations of 0.05% or less. Even the highest concentration
(0.05%), professional-sized (33-g) fipronil crack and crevice

Figure 5. Detected concentrations of imidacloprid (ng/L) in 8 wastewater
treatment plants in northern California and summary of data from previous
studies [27,31]. Dashed blue horizontal line indicates European Union
freshwater predicted no-effect concentration value [17]. df¼ detection
frequency; MDL¼method detection limit.

Figure 6. Conceptual model for sources of fipronil and imidacloprid in
municipal wastewater. Dashed lines denote pathways believed to be
relatively small in the present study. Uses without a clear pathway (e.g.,
containerized baits) and with unlikely pathways (e.g., air transport and
deposition) [50] are excluded from the figure.
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product on the market contains <0.02 g fipronil; 40 to 1200 of
these crack and crevice products would need to be emptied
directly into the sewer daily to achieve the influent fipronil
load at the 7 typical municipal WWTPs sampled (see the
Supplemental Data for calculations).

The transport of pesticides indoors from outdoor applica-
tions has been well documented [38], and fipronil is nearly
omnipresent in indoor residential dust [39]. Reported concen-
trations were >20 times higher in households owning a dog
treated with fipronil-containing spot-on products than those
without treated pets [39], suggesting that residues associated
with flea treatments for pets are more significant than residues
tracked indoors from outdoor applications.

Dog and cat ownership in the United States is 0.24 and 0.27
per capita, respectively [40,41], and survey data indicate that
75% of dog and cat households use a flea/tick product [42]. The
prevalent use of flea and tick treatment is consistent with
ubiquitous rather than episodic source. Residues associatedwith
pet products may be transferred to companions or indoor
spaces [43] or may be transported directly down the drain
through bathing. Washing surfaces and materials that have
come in contact with and accumulated pesticides, such as
companion hands, pet bedding, and companion clothing,
represents indirect pathways of pesticides to wastewater.

A 2012 study [43] that quantified the mass of fipronil
transferred to cotton gloves worn while owners petted their dogs
for 2min reported levels of 5600mg 24 h postapplication,
declining to 220mg at 2 wk, and 76mg at 4 wk, which coincides
with recommended retreatment. To evaluate flea and tick
treatments as a potential indirect source to wastewater, the daily
influent loads measured at theWWTP are converted to mass per
dog per day. Assuming fipronil has a 30% market share, each
fipronil-treated dog would provide 300mg/d, suggesting (by
comparison with the hand transfer quantities) that hand washing
and other indirect transfer could be a large source (see the
Supplemental Data for calculations). Because flea treatments
remain on pet fur for weeks after treatment [43], dog washing
may result in an even greater proportion of applied pesticide
discharging to the sewer system. Although comparable studies
are not available for imidacloprid, the similarity of use patterns
suggests comparable pathways. Imidacloprid’s higher solubility
may result in a larger portion washing off during bathing.

The results for the San Francisco airport WWTP, which has
no on-site residential or animal populations, were the lowest
reported influent concentrations for both analytes, with a
midrange effluent concentration for imidacloprid compared
with the other WWTPs evaluated. Airport facilities managers
report no professional applicator use of imidacloprid, and
fipronil is only applied via containerized baits and gels.
This suggests that indirect pathways from off-site use are
the major source, but does not eliminate the potential for
discharges associated with nonprofessional use of retail
products. Transport of pesticides through hand washing,
introduction of human waste of the airport’s transient
population, and discharges associated with retail product use
could contribute the relatively small influent loads (fiproles,
79mmol/d; imidacloprid, 400mmol/d) received at this unique
WWTP. Available retail products contain similar mass as the
total daily load (fiproles, 38mmol/container; imidacloprid,
878mmol/container).

Environmental implications

Several studies have demonstrated that organic micro-
pollutants (such as pharmaceuticals, personal care products, and

household pesticides) and their degradates persist through
conventional wastewater treatment [32,44–46]. Wastewater
effluents flow continuously into diverse freshwater and
saltwater aquatic environments, creating continuous ecosystem
exposure to entrained pollutants. The potential for pesticides in
wastewater effluents to cause adverse effects on aquatic species
depends not only on their concentrations, but also on site-
specific factors at the discharge point such as dilution (if any),
presence of substances that may alter bioavailability or toxicity
(e.g., dissolved organic carbon), and presence of other toxicants
with cumulative toxic effects. Water available to dilute effluents
may already contain both fipronil-related compounds and
imidacloprid from upstream sources [20]. Partitioning and fate
in the receiving water can have long-term implications not
revealed solely by effluent pesticide concentrations, a possibil-
ity for fipronil and its degradates, which are likely to partition
into sediment based on logKOW values> 4 (Supplemental Data,
Table S2).

A direct comparison of fiprole and imidacloprid concen-
trations in these effluents with established chronic toxicity
reference values [15,17] suggests a potential for harm to aquatic
species, meriting further investigation. Prior work has shown
that for the majority of freshwater macroinvertebrates, fipronil
degradates are more toxic than fipronil [15]; these findings were
not available when the USEPA established its aquatic life
benchmarks in 2007 [16]. A comparison of detected concen-
trations with 96-h EC50 values forChironomus dilutus is shown
in Figure 1. It can be seen that degradate (fipronil sulfone,
sulfide, and amide) concentrations in effluent were increased
relative to influent as a result of the treatment. Therefore, change
in fiprole distribution did not result in a marked decrease in
toxicity and potentially may have increased toxicity for 7 of the
8WWTPs (see Supplemental Data, Table S9, for calculation). A
similar conclusion was reached in a prior study on a WWTP
discharging into a freshwater environment [25]. However,
these toxicity thresholds are derived from data for freshwater
organisms in laboratory conditions, and thus may not accurately
reflect potential risks in an estuarine environment such as San
Francisco Bay. The present study did not include measurement
of the toxicity or bioavailability of the effluent-borne
insecticides to downstream biota. At present, there is a lack
of toxicity data on susceptible receptor organisms in these
saltwater settings. As a result, appropriately protective thresh-
olds such as PNECs have not been established for saltwater
environments, and thus further investigation is called for.

Other factors specific to San Francisco Bay may inform an
evaluation of the potential impacts of effluent discharges
containing these pesticides, particularly as findings from the
present study suggest that existing treatment technology appears
to be unable to significantly remove these pesticides. For
example, effluents discharged in the southernmost regions of
the Bay experience less dilution and oceanic exchange than
effluents discharged in more central locations. Effluents are not
the only pathway for these pesticides to enter San Francisco
Bay; other studies have detected fipronil and imidacloprid in the
region’s urban creeks and storm water discharges [6,15,19,47].
As predicted, fipronil and its degradates have partitioned to
Bay sediment (data publicly available via cd3.sfei.org), with
levels of fipronil sulfone approaching a toxicity threshold for
freshwater invertebrates [48]. As a result, the parent compound
has been classified as an emerging contaminant of moderate
concern for San Francisco Bay [49]. Imidacloprid has not
yet been evaluated by local authorities relative to the region’s
tiered risk and management action framework for emerging
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contaminants [49]. Results from the present study may inform
ongoing regional monitoring and management efforts as well as
broader state and federal actions to limit the potential for
environmental contamination with these pesticides and to
develop modeling approaches to better predict pesticide
wastewater discharge and fate in municipal WWTPs and in
receiving waters.

These findings must be considered in light of other important
considerations. A one-time sampling event, as conducted in the
present study and other similar studies [25,29,31,45], cannot
assess the effects of temporal variations in pesticide use and
discharge, particularly as it relates to seasonality. Although the
San Francisco Bay region is less likely to display large shifts in
urban flea control pesticide use, with its mild climate and
relatively uniform flea pest pressures [30], seasonality is likely
to be a major influence in other urban areas with marked
seasonal temperature shifts. Another consideration is the
potential for pesticide contamination of the water sources
supplying tap water to urban residents. Although most of the
source waters for San Francisco Bay urban water supplies
related to the present study are essentially free of agricultural,
urban, and treated wastewater influences (Supplemental Data,
Table S8), the same cannot be said for the water supplies of
many other regions. Source or tap water testing for relevant
pesticides is likely to be an important element of studies
conducted elsewhere. A third consideration concerns the
wastewater treatment technology used. Although the treatment
trains employed by WWTPs participating in the present study
were diverse, they do not cover all available technologies.
Alternate technologies, such as reverse osmosis, may have
different impacts on pesticide levels, and could be explored in
future studies.

CONCLUSIONS

The levels of fiproles and imidacloprid measured in
wastewater influent and treated wastewater effluent suggest
that conventional treatment has little promise for reducing the
release of fiproles or imidacloprid into the environment once
discharged to the sewer system. An investigation of potential
sources suggests that pet flea and tick products are the primary
source of fiprole and imidacloprid to WWTP influent.
Additional work is needed to quantify the relative contribution
of suggested sources and pathways (e.g., pet products, human
waste, underground termite treatments). The findings of the
present study, particularly identification of pet products as a
likely primary source, can inform upcoming USEPA risk
assessments for fipronil and imidacloprid, which for the first
time will evaluate the aquatic risks associated with urban use of
these pesticides [10,11]. Available toxicity thresholds have been
established only for freshwater environments, highlighting the
need for saltwater toxicity studies to evaluate the risks of
these pesticides to the ecological health of estuarine and ocean
environments in addition to freshwater systems.

Supplemental Data—The Supplemental Data are available on the Wiley
Online Library at DOI: 10.1002/etc.3673.
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&RQGXFWLQJ (FRORJLFDO 5LVN $VVHVVPHQWV
RI 8UEDQ 3HVWLFLGH 8VHV

0DK 6KDPLP�
 -RVp 0HOpQGH]�
.HLWK 6DSSLQJWRQ� DQG 0RKDPPHG 5XKPDQ

2I¿FH RI 3HVWLFLGH 3URJUDPV� (QYLURQPHQWDO )DWH DQG (IIHFWV 'LYLVLRQ�
8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\� ���� 3HQQV\OYDQLD $YHQXH 1:�

:DVKLQJWRQ� '& �����

(�PDLO� 6KDPLP�0DK#HSD�JRY

5HFHQW VWXGLHV KDYH UHSRUWHG SHVWLFLGHV LQ WR[LFRORJLFDOO\
VLJQL¿FDQW FRQFHQWUDWLRQV LQ VXUIDFH ZDWHU� VHGLPHQWV�
VWRUPZDWHU� DQG SXEOLFO\ RZQHG WUHDWPHQW ZRUNV �327:�
LQÀXHQW�HIÀXHQW ZDVWHZDWHU IURP UHVLGHQWLDO XVHV DW ORFDWLRQV
DFURVV WKH 8QLWHG 6WDWHV� 7KH 86(3$ IDFHV PDQ\ FKDOOHQJHV
LQ DVVHVVLQJ WKH HFRORJLFDO ULVNV IURP LQGRRU DQG RXWGRRU
UHVLGHQWLDO SHVWLFLGH XVHV� PDQ\ RI ZKLFK VWHP IURP OLPLWDWLRQV
LQ TXDQWLI\LQJ H[SRVXUH IURP WKH ZLGH DUUD\ RI DSSOLFDWLRQ
VFHQDULRV DYDLODEOH IRU UHVLGHQWLDO SHVWLFLGH XVH� 'DWD RQ
WKH WLPLQJ� IUHTXHQF\ DQG ORFDWLRQ RI UHVLGHQWLDO SHVWLFLGH
DSSOLFDWLRQ DW D QDWLRQDO VFDOH KDV EHHQ FROOHFWHG DQG VXEPLWWHG
WR WKH 86(3$� 7KHVH GDWD ZLOO EH XVHIXO IRU FRQVWUXFWLQJ
UHSUHVHQWDWLYH UHVLGHQWLDO H[SRVXUH VFHQDULRV� ,Q WKH DEVHQFH RI
WKHVH GDWD DQG WRROV� WKH 86(3$ KDV UHOLHG RQ XUEDQ PRQLWRULQJ
GDWD IRU FRQGXFWLQJ WKH HFRORJLFDO ULVN DVVHVVPHQWV� 7KH XVH
RI FHUWDLQ FKHPLFDOV DV PRVTXLWR DGXOWLFLGHV KDV UHVXOWHG LQ
H[SRVXUH DQG ULVN WR QRQ�WDUJHW DTXDWLF RUJDQLVPV� 9DULRXV
PHWKRGV DQG DSSURDFKHV WR DVVHVV H[SRVXUH DUH SUHVHQWHG
WR FRQGXFW HFRORJLFDO ULVN DVVHVVPHQWV RI WKHVH LQVHFWLFLGHV�
3HVWLFLGHV UHOHDVHG WR GRPHVWLF ZDVWHZDWHU IURP LQGRRU
UHVLGHQWLDO XVHV DUH EHLQJ DVVHVVHG ZLWK WKH ([SRVXUH DQG )DWH
$VVHVVPHQW 6FUHHQLQJ 7RRO �(�)$67�� %HQFK�VFDOH WUHDWDELOLW\
VWXGLHV DQG 327: PRQLWRULQJ GDWD ZLOO EH XVHG WR UH¿QH
H[SRVXUH HVWLPDWHV RI SHVWLFLGHV LQ ZDVWHZDWHU� VXUIDFH ZDWHU
DQG ELRVROLGV UHVXOWLQJ IURP LQGRRU XVHV�

1RW VXEMHFW WR 8�6� &RS\ULJKW� 3XEOLVKHG ���� E\ $PHULFDQ &KHPLFDO 6RFLHW\
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,QWURGXFWLRQ
8UEDQ XVHV RI SHVWLFLGHV DUH ZLGHVSUHDG DQG WKHLU XVH SDWWHUQV SUHVHQW PDQ\

FKDOOHQJHV LQ FRQGXFWLQJ D QDWLRQDO VFDOH HFRORJLFDO ULVN DVVHVVPHQW �(5$��
3HVWLFLGHV DUH XVHG RXWGRRU DQG LQGRRU LQ UHVLGHQWLDO� SXEOLF� FRPPHUFLDO�
LQGXVWULDO DQG PLOLWDU\ DUHDV� ,Q &DOLIRUQLD DORQH� QHDUO\ WHQ PLOOLRQ SRXQGV RI
SHVWLFLGHV DFWLYH LQJUHGLHQWV ZHUH XVHG LQ WKH \HDU ���� �&DOLIRUQLD 'HSDUWPHQW
RI 3HVWLFLGH 5HJXODWLRQV 3HVWLFLGHV 8VH 5HSRUWLQJ RU &'35 385 GDWDEDVH �����
8VH LQ XUEDQ DUHDV LQFOXGHV QHDUO\ WKLUW\ 385 FDWHJRULHV ZLWK WKH WRS ¿YH EHLQJ
VWUXFWXUDO SHVW FRQWURO� ULJKWV�RI�ZD\V� SXEOLF KHDOWK� ODQGVFDSLQJ� DQG LQGRRU
KRPHRZQHU XVH�

(FRORJLFDO ULVNV DVVRFLDWHG ZLWK XUEDQ XVHV RI SHVWLFLGHV LV D FULWLFDO
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 ������
$JULFXOWXUDOO\ GRPLQDWHG VWUHDPV KDG WKH QH[W KLJKHVW IUHTXHQF\ RI DTXDWLF
OLIH EHQFKPDUN H[FHHGDQFH ������ IROORZHG E\ PL[HG XVH VWUHDPV ����� DQG
XQGHYHORSHG VLWHV ������ 7KLV FKDSWHU GHVFULEHV PDMRU ULVN DVVHVVPHQW FKDOOHQJHV
DQG DSSURDFKHV EHLQJ FRQVLGHUHG E\ 86(3$ IRU DVVHVVLQJ HFRORJLFDO ULVNV IURP
XUEDQ�UHVLGHQWLDO SHVWLFLGH XVHV� 6SHFL¿FDOO\� WKUHH UHVLGHQWLDO�XUEDQ DVVHVVPHQW
VFHQDULRV DUH GHVFULEHG� ��� VWRUPZDWHU GLVFKDUJHV UHVXOWLQJ IURP RXWGRRU XVHV�
��� H[SRVXUH IURP DGXOWLFLGH XVHV� DQG ��� UHOHDVHV WR 327:V �ZDVWH ZDWHU
GLVFKDUJHV� IURP LQGRRU XVHV� :LWKLQ HDFK RI WKHVH DVVHVVPHQW VFHQDULRV� WKH
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
PRQLWRULQJ VWXGLHV�

$VVHVVLQJ 6WRUPZDWHU 'LVFKDUJHV IURP 2XWGRRU 8UEDQ 8VHV
2XWGRRU XUEDQ XVHV RI SHVWLFLGHV FDQ UHVXOW LQ VLJQL¿FDQW H[SRVXUH WR ZDWHU

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 ���

���

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 �� 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��
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,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
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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

���

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. 



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�
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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
5HVHDUFK ����� ��� ����±�����

��� /XR� <�� *XR� :�� 1JR� +� +�� 1JKLHP� /� '�� +DL� )� ,�� =KDQJ� -�� /LDQJ� 6��
:DQJ� ;� &� $ UHYLHZ RQ WKH RFFXUUHQFH RI PLFURSROOXWDQWV LQ WKH DTXDWLF
HQYLURQPHQW DQG WKHLU IDWH DQG UHPRYDO GXULQJ ZDVWHZDWHU WUHDWPHQW� 6FL�
7RWDO (QYLURQ� ����� �������� ���±����

��� +RSH� %� .�� 3LOOVEXU\� /�� %ROLQJ� %� $ VWDWH�ZLGH VXUYH\ LQ 2UHJRQ �86$�
RI WUDFH PHWDOV DQG RUJDQLF FKHPLFDOV LQ PXQLFLSDO HIÀXHQW� 6FL� 7RWDO
(QYLURQ� ����� ���±���� ���±����

��� 0DUNOH� -� &�� YDQ %XXUHQ� %� +�� 0RUDQ� .� '�� %DUHIRRW� $� &� 3\UHWKURLG
3HVWLFLGHV LQ 0XQLFLSDO :DVWHZDWHU� $ %DVHOLQH 6XUYH\ RI 3XEOLFO\
2ZQHG 7UHDWPHQW :RUNV )DFLOLWLHV LQ &DOLIRUQLD LQ ����� 7HFKQLFDO 5HSRUW
VSRQVRUHG E\ WKH 3\UHWKURLG :RUNLQJ *URXS� -DQXDU\ ��� �����

��� :HVWRQ� '� 3�� 5DPLO� +� /�� /\G\� 0� -� 3\UHWKURLG LQVHFWLFLGHV LQ PXQLFLSDO
ZDVWHZDWHU� (QYLURQ� 7R[LFRO� &KHP� ����� ��� ����±�����

��� 7DUJHWHG 1DWLRQDO 6HZDJH 6OXGJH 6XUYH\ 2YHUYLHZ 5HSRUW� (3$�����
5�������� 2I¿FH RI :DWHU� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\�
KWWS���ZDWHU�HSD�JRY�VFLWHFK�ZDVWHWHFK�ELRVROLGV�WQVVV�RYHUYLHZ�FIP�DSS$�

��� 5RJHUV� +� 5�� &DPSEHOO� -� $�� &UDWKRUQH� %�� 'REEV� $� -� 7KH RFFXUUHQFH
RI FKORUREHQ]HQHV DQG SHUPHWKULQV LQ WZHOYH 8�.� VHZDJH VOXGJHV� :DWHU
5HV� ����� �� ���±����

��� 3ODJHOODW� &�� .XSSHU� 7�� GH $OHQFDVWUR� /� )�� *UDQGMHDQ� '�� 7DUUDGHOODV� -�
%LRFLGHV LQ VHZDJH VOXGJH� 4XDQWLWDWLYH GHWHUPLQDWLRQ LQ VRPH 6ZLVV
ZDVWHZDWHU WUHDWPHQW SODQWV� %XOO� (QYLURQ� &RQWDP� 7R[LFRO� ����� ���
���±����
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Will Pesticides Prevent Publicly-Owned Wastewater 
Treatment Plant Effluent from Becoming a Much-

Needed Drinking Water Supply?

1

Kelly Moran, Ph.D., TDC Environmental, LLC
Melody LaBella, P.E., Central Contra Costa Sanitary District

• The byproduct of potable reuse treatment – reverse osmosis concentrate – could 
contain pesticides at concentrations that will prevent its discharge to surface 
water. This increases cost, potentially preventing potable reuse implementation.
• Monitoring data are urgently needed to inform management measures.
• Both RO concentrate treatment and modifying uses of persistent mobile pesticides 

may be necessary.

Informed pesticide product design, regulation and mitigation 
measures may be needed to allow society to obtain the full 

benefits of its soon-to-be necessary new urban water supplies..
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Drinking water supplies are under stress
• Climate change = Weather extremes = Drought
• Increasing urbanization of the world’s population
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New water supply – potable use 
of municipal wastewater effluent
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Ion Exchange; LC – Lime Clarification; MBR – Membrane Bioreactor; MF - Microfiltration; O3 – Ozone Disinfection; 
PAC – Powdered Activated Carbon; RO – Reverse Osmosis; UF - Ultrafiltration; UV – Ultraviolet Radiation 

 
Figure 2-1. Planned and constructed IPR and DPR projects in the United States as of 2017  

2.1.2 Water Supply Enhancement  

While DPR is considered a relatively new concept, the 2012 Guidelines state, “[DPR] should be evaluated 
in water management planning, particularly for alternative solutions to meet urban water supply 
requirements that are energy intensive and ecologically unfavorable.” In regions that face imminent water 
supply shortages due to population pressures or changes in historical precipitation patterns, the only 
options to expand water supplies may include water importation, saltwater desalination, and water reuse 
(Snyder, 2014). Especially in inland locations, water reuse may be the only viable option (Snyder, 2014). 

Examples include Big Spring, Texas (1.8 million gallons per day (MGD)) and Wichita Falls, Texas (5 MGD), 
which temporarily implemented DPR in response to extreme drought (Nix, 2014; see Appendix A). Wichita 
Falls designed a temporary DPR scheme that successfully implemented DPR for an 11-month period; a 
permanent IPR installation will supersede the now decommissioned DPR scheme (see Appendix A). 
Brownwood, Texas is also evaluating and pursuing DPR because of severe drought (Miller, 2015). 
Cloudcroft, New Mexico recently permitted a DPR project in response to limited water sources for the 
seasonal tourist population, but it is not in operation (see Appendix A).  

It is important to note that U.S. communities with adequate annual rainfall are also evaluating potable reuse 
as a potential component of future water resource portfolios. For example, the City of Franklin, Tennessee 
is considering planned IPR to expand its ability to provide reasonably priced, high-quality drinking water to 
customers while also addressing discharge permitting (“City of Franklin”). In Raleigh, North Carolina (“City 
of Raleigh”) and Gwinnett County, Georgia (see Appendix A), local utilities are studying direct potable 
reuse. 

US EPA Office of Water (2017). Potable Reuse Compendium
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Sewer

Municipal wastewater contains pesticides



• Conventional wastewater treatment 
technologies are generally ineffective at 
removing pesticides from wastewater

• Aquatic life reference values can be exceeded 
in undiluted effluents

• Limited monitoring data available

• Municipal wastewater treatment plants 
cannot regulate pesticides

Sutton et al. (2019). “Occurrence and Sources of Pesticides to Urban Wastewater and the Environment “ in Goh et al.; Pesticides in Surface Water: 
Monitoring, Modeling, Risk Assessment, and Management ACS Symposium Series; American Chemical Society: Washington, DC, 2019. 

8



Treated Wastewater
(contains trace 

chemicals)
Reverse Osmosis (RO) 

Treatment

“RO Concentrate” (“RO reject”)
Concentrates pollutants ~5 times

Smaller
persistent mobile 

chemicals
(e.g., 1,4-Dioxane, PFAS)

Larger persistent, mobile chemicals
(e.g., imidacloprid, fiproles)

UV Disinfection 
& Advanced 

Oxidation

~80% of Flow

9~20% of Flow
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Challenges of RO Concentrate
• Large volume (millions of gallons per day) requiring disposal
• Limited disposal options
– Typically discharged to the ocean (if nearby) or inland surface waters
– Little or no dilution of discharged water in regions most in need of this 

new water supply
– Discharges must comply with Clean Water Act

• Treatment challenging, costly, and unlikely to sufficiently 
remove every one of the pesticides present
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Pesticides in RO concentrate 
likely to exceed toxicity thresholds

Pesticide RO Concentrate
(ng/L)

Toxicity Threshold 
(ng/L) Reduction Needed

Imidacloprid 53 – 1080 10 81.1 – 99%

Fipronil 12 – 280 7.5 37.5 – 97.3%

Fipronil Sulfone 15 – 49 2.6 82.7 – 94.7%

Fipronil Sulfide <1 – 13.2 4.6 0 – 65%

Bifenthrin 5 – 50 (est.) 0.05 99 – 99.9% (est.)

Permethrin 5 – 100 (est.) 2.4 52 – 97.6% (est.)

Cypermethrin <1 – 85 (est.) 0.05 75 – 99.7%

RO concentrate values from King et al 2020 Water Res. 176: 115744; UC Berkeley, Stanford, & San Francisco Estuary Institute  (2020). Reverse Osmosis Concentrate Treatment Research Results and Context 
for San Francisco Bay. Italicized values are estimates (effluent concentration x 5) based on data in Sutton et al 2019. Toxicity threshold from US EPA Office of Pesticide Programs (invertebrate Aquatic Life 
Benchmark or most sensitive invertebrate aquatic toxicity endpoint used in most recent risk assessment)
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Other pesticides that may exceed toxicity 
thresholds in RO concentrate

Based on municipal wastewater effluent monitoring data

Source:  Effluent concentrations reported in Sutton et al 2019  x 5 compared to toxicity threshold from US EPA Office of Pesticide Programs (invertebrate Aquatic Life Benchmark or most sensitive 
invertebrate aquatic toxicity endpoint used in most recent risk assessment).  

• Carbaryl
• Chlorpyrifos
• Clothianidin
• Cyfluthrin
• Cypermethrin
• Deltamethrin

• Diazinon
• Diuron
• Esfenvalerate
• Imazapyr
• Lambda-cyhalothrin
• Propiconazole

Most pesticides have not been monitored.
Antimicrobials are the biggest data gap.



1. RO concentrate could contain pesticides at concentrations 
that will prevent its discharge to surface water.

2. Pesticides in RO concentrate may increase cost or – in the 
most difficult cases – entirely prevent potable reuse of 
wastewater effluent.

3. Modifying uses of persistent mobile pesticides in ways that 
avoid sewer discharges may be the best (and perhaps only) 
means to allow society to access this future water supply.

Conclusions
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1. Conduct pesticides monitoring of municipal wastewater effluent 
and RO concentrate

2. Pesticides registration should address risks and costs associated 
with potable reuse of municipal wastewater effluent

3. Examine if cost-effective treatment alternatives exist for RO 
concentrate

4. Modify uses of persistent mobile pesticides in ways that avoid 
sewer discharges

Recommendations

Informed pesticide product design, regulation and mitigation 
measures may be needed to allow society to obtain the full 

benefits of its soon-to-be necessary new urban water supplies.
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