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•• NOAANOAA--wide Programwide Program

•• Addressing stormAddressing storm--
related coastal issuesrelated coastal issues

•• Second pilot region Second pilot region ––
Lower Columbia Lower Columbia 
RiverRiver

•• http://csc.noaa.gov/csphttp://csc.noaa.gov/csp

•• Coastal Storms BoothCoastal Storms Booth

Coastal Storms ProgramCoastal Storms Program
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EASIMR Web Site EASIMR Web Site -- www.chbr.noaa.gov/easiwww.chbr.noaa.gov/easi//



EASIMR Web Site EASIMR Web Site -- www.chbr.noaa.gov/easiwww.chbr.noaa.gov/easi//



EASIMR Web Site EASIMR Web Site -- www.chbr.noaa.gov/easiwww.chbr.noaa.gov/easi//



EASIMR Web Site EASIMR Web Site -- www.chbr.noaa.gov/easiwww.chbr.noaa.gov/easi//



EASIMR Web Site EASIMR Web Site -- www.chbr.noaa.gov/easiwww.chbr.noaa.gov/easi//



CarbarylCarbaryl

•• InsecticideInsecticide

•• Active ingredient in over 300 registered products Active ingredient in over 300 registered products (NPIC, 2007)(NPIC, 2007)

•• 3.9 million pounds sold annually 3.9 million pounds sold annually (EPA, 2004)(EPA, 2004)

•• Used for insect control on fruit, cotton, forests, lawns, nuts, Used for insect control on fruit, cotton, forests, lawns, nuts, 

ornamentals, shade trees, and other crops, as well as on ornamentals, shade trees, and other crops, as well as on 

poultry, livestock and petspoultry, livestock and pets
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Diquat Diquat 
DibromideDibromide

•• HerbicideHerbicide

•• Less than 500,000 millions pounds applied annually Less than 500,000 millions pounds applied annually (EPA, (EPA, 

2002)2002)

•• Used for residential, nonUsed for residential, non--crop, industrial, and aquatic crop, industrial, and aquatic 

weed controlweed control
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FluorantheneFluoranthene

•• Polycyclic aromatic hydrocarbon (PAH)Polycyclic aromatic hydrocarbon (PAH)

•• Commonly reported component of roadway runoffCommonly reported component of roadway runoff

•• Potentially toxic to fish and crustaceansPotentially toxic to fish and crustaceans
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Toxicity Testing Toxicity Testing 
PalaemonetesPalaemonetes pugiopugio
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CarbarylCarbaryl

FluorantheneFluorantheneDiquatDiquat
DibromideDibromide

D + FD + F

C + DC + D C + FC + F
C+D+FC+D+F

CC

DD FF



Toxicity ConclusionsToxicity Conclusions

•• Fluoranthene most toxic to grass shrimp larvae with Fluoranthene most toxic to grass shrimp larvae with 

96h LC50 = 32.45 96h LC50 = 32.45 ugug/L  /L  

•• Carbaryl 96h LC50 = 43.1 Carbaryl 96h LC50 = 43.1 ugug/L/L

•• Diquat Dibromide 96h LC50 = 1624 Diquat Dibromide 96h LC50 = 1624 ugug/L/L

•• All mixtures were additiveAll mixtures were additive
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Transport and Fate ModelingTransport and Fate ModelingTransport and Fate Modeling

• Goal: To Identify Events and Locations of 
Concern

• PRZM-3 (Pesticide Root Zone Model)
• Groundwater chemical transport

• EXAMS-II (Exposure Analysis Modeling 
System)
• Surface water chemical transport and 

fate
• Uses output of PRZM
• Predicted concentrations compared to 

aquatic animal and human health Levels 
of Concern.

•• Goal: To Identify Events and Locations of Goal: To Identify Events and Locations of 
ConcernConcern

•• PRZMPRZM--3 (Pesticide Root Zone Model)3 (Pesticide Root Zone Model)
•• Groundwater chemical transportGroundwater chemical transport

•• EXAMSEXAMS--II (Exposure Analysis Modeling II (Exposure Analysis Modeling 
System)System)
•• Surface water chemical transport and Surface water chemical transport and 

fatefate
•• Uses output of PRZMUses output of PRZM
•• Predicted concentrations compared to Predicted concentrations compared to 

aquatic animal and human health Levels aquatic animal and human health Levels 
of Concern.of Concern.
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•• 3 pesticides identified by 3 pesticides identified by 
preliminary risk assessment preliminary risk assessment 
(EASIMR)(EASIMR)

•• Published chemical parametersPublished chemical parameters

•• Local meteorological dataLocal meteorological data

•• 22--Yr, 25Yr, 25--Yr and 100Yr and 100--Yr stormsYr storms

•• Pesticides applied at maximum Pesticides applied at maximum 
allowed rateallowed rate

•• Pesticides applied 1, 6 or 16 days Pesticides applied 1, 6 or 16 days 
before stormsbefore storms

•• Estuarine headwatersEstuarine headwaters

PRZM MethodsPRZM Methods
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•• Johnson Creek Johnson Creek –– urbanized, freshwater stream and urbanized, freshwater stream and 
historical salmon spawning groundhistorical salmon spawning ground

•• Segmented watershed based upon dominant landuse Segmented watershed based upon dominant landuse 

•• AgricultureAgriculture

•• UrbanUrban

•• ForestedForested

PRZM MethodsPRZM Methods



Groundwater RunoffGroundwater Runoff

•• Carbaryl > Diquat DibromideCarbaryl > Diquat Dibromide

•• Both pesticidesBoth pesticides

•• 100 Yr > 25 Yr > 2 Yr100 Yr > 25 Yr > 2 Yr

•• Storm type and application date dependentStorm type and application date dependent

•• Provides input to EXAMSProvides input to EXAMS
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EXAMS MethodsEXAMS MethodsEXAMS Methods

• Used PRZM loadings and 
other inputs

• Fluoranthene loading was 
estimated from reported 
roadway runoff concentrations 
(Hewitt and Rashed, 1992) –
entered the modeled system on 
days of rain

• Published chemical 
parameters

• Local meteorological data

• Used PRZM loadings and 
other inputs

• Fluoranthene loading was 
estimated from reported 
roadway runoff concentrations 
(Hewitt and Rashed, 1992) –
entered the modeled system on 
days of rain

• Published chemical 
parameters

• Local meteorological data
http://web.pdx.edu/
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Johnson Creek EXAMS Johnson Creek EXAMS 

Compartments Compartments (Conceptual)(Conceptual)

•• Odd numbers are littoralOdd numbers are littoral

•• Even numbers are benthicEven numbers are benthic

•• 1 and 2 are headwaters1 and 2 are headwaters

•• 5 and 6 flow into the rest of 5 and 6 flow into the rest of 
the creekthe creek
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Johnson Creek EXAMS Johnson Creek EXAMS 

ResultsResults
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EXAMS Estimation of RiskEXAMS Estimation of Risk

•• CarbarylCarbaryl

•• Max runoff with rainfall 1 or 6 days after Max runoff with rainfall 1 or 6 days after 
applicationapplication

•• Peak concentration higher than several Peak concentration higher than several 
crustacean thresholds and near crustacean thresholds and near salmonidsalmonid
thresholds thresholds ((VerschuerenVerschueren, 2001; , 2001; MacekMacek and McAllister, and McAllister, 
1970; Buchanan et al., 1969;  Sanders and Cope, 1966)1970; Buchanan et al., 1969;  Sanders and Cope, 1966)

•• Toxic but short livedToxic but short lived

•• Diquat DibromideDiquat Dibromide

•• Max runoff with rainfall 16 days after Max runoff with rainfall 16 days after 
applicationapplication

•• Peak concentration was much less than Peak concentration was much less than 
trout and salmon thresholds trout and salmon thresholds ((PimentalPimental, 1971; , 1971; 
Bond et al. 1960)Bond et al. 1960)

•• Very toxic but high enough levels are Very toxic but high enough levels are 
unlikelyunlikely

http://techalive.mtu.edu/meec/module07/exotics_2.htm
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EXAMS Estimation of RiskEXAMS Estimation of Risk

•• FluorantheneFluoranthene

•• Peak concentration near Peak concentration near 
mysidmysid shrimp and sea shrimp and sea 
urchin thresholds urchin thresholds 
((VerschuerenVerschueren, 2001; EPA, 1991), 2001; EPA, 1991)

and near and near salmonidsalmonid
thresholds when UV thresholds when UV 
activated activated (EPA, 1991)(EPA, 1991)

•• Toxic levels possible with Toxic levels possible with 
intense runoff and little intense runoff and little 
mixingmixing
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Overall SummaryOverall Summary

•• EASIMREASIMR

•• WebWeb--accessible risk assessment databaseaccessible risk assessment database

•• Risk based upon land usesRisk based upon land uses

•• Useful for preliminary risk estimationUseful for preliminary risk estimation

•• Toxicity testingToxicity testing

•• Provides toxicity thresholdsProvides toxicity thresholds

•• Heavily used pesticides in Pacific NorthwestHeavily used pesticides in Pacific Northwest

•• Fluoranthene > Carbaryl > Diquat DibromideFluoranthene > Carbaryl > Diquat Dibromide

•• Mixtures were additiveMixtures were additive

•• Mixtures rarely studiedMixtures rarely studied
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Overall SummaryOverall Summary

•• PRZM ModelPRZM Model

•• Estimates shallow groundwater and runoff contaminationEstimates shallow groundwater and runoff contamination

•• Identifies effects on runoffIdentifies effects on runoff

•• Provides inputs to exposure modelProvides inputs to exposure model

•• EXAMS ModelEXAMS Model

•• Estimates surface water and sediment concentrationsEstimates surface water and sediment concentrations

•• Used to identify sensitive areas/habitatsUsed to identify sensitive areas/habitats

•• Effects of storms types, application dateEffects of storms types, application date

•• Compares pesticides, other contaminantsCompares pesticides, other contaminants

•• Risk to salmon:  Fluoranthene > Carbaryl >>> Diquat Risk to salmon:  Fluoranthene > Carbaryl >>> Diquat 
DibromideDibromide

•• Risk to crustaceans:  Carbaryl > Fluoranthene >>> Diquat Risk to crustaceans:  Carbaryl > Fluoranthene >>> Diquat 
DibromideDibromide
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UsesUses

• Easy preliminary risk assessments based upon land use data

• Identify species at risk

• Identify geographic locations at risk

• Focus post-storm ecological assessments

• Assist mitigation planning

• Provide access to available risk

information

• Promote responsible pesticide use 
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