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25 years of landscape information in the US
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Introduction

* The last 25 years have seen important and rapid changes in the
conduct of pesticide risk assessments, especially as it relates to
the use of geo-information in the estimation of potential exposure

 These landscape-based assessments have enabled efficient
predictions of exposure, and subsequent evaluation of risk, across
large geographic areas down to site-specific locales

 These approaches have been applied across all tiers of the risk
assessment paradigm, from simple scenario definition to informing
probabilistic and spatially explicit
assessments

2016 Today
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Starting in the 1990s

 EPA ORD Pesticide and Industrial Chemical Risk
Analysis and Hazard Assessment (PIRANHA)
* Development of first PRZM-EXAMS scenarios
« Used soll, rainfall, cropping, chemical properties
« User selected region or crop — used most vulnerable soil In

Major Land Resource Area PIRANHA
Pesticide and Industrial Chemical Risk ANalysls and Hazard Assessment
* PIRAHNA not fully adopted P e

by EPA OPP

« But use of PRZM-EXAMS
was catalyzed
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Environmental Research Laboratory
Office of Research and Development Modeling Workshop

U.S. Environmental Protection Agency April 27 - May 1, 1992
Athens, Georgia 30613-0801
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US EPA Tier II standard scenarios for pesticides

« Edge-of-field exposure scenarios by crop

« Based on state-level cropping data
Representative soils for crop (hydrologic group C or D)
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GIS software in the 1990s

rch Institute,. Inc.

 Generally required | —
experienced user T

» Graphical interfaces
came later

« Custom image »
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EPA drinking water exposure scenario

« Index reservoir to “... to represent a watershed capable of supporting a
drinking water facility that is prone to high pesticide concentrations.”

* Implements a national Percent Crop Area (PCA) adjustment factor

« Over time regional PCAs derived for multiple crops using spatial data and
methods

Table 2. Maximum percent cropped area (PCA) adjustment factors for various crop
combinations, by Water Resource Region (HUC-2). Listed PCAs are specifically

rec ded for use in surface drinking water exposure deling.

HUC- | Corn- | Soybean- | Turf- | Turf*- Turf*™- Turf*- Turf- | Vegetahle- | Turf*-
2 Wheat ‘Wheat Corn | Orchard | Soybean | Vegetable | Wheat | Orchard All Ag
01 0.08 0.00 0.86 0.86 0.86 0.86 0.86 0.12 0.98
02 036 0.17 0.60 0.60 0.60 0.60 0.60 0.10 0.82
03 0.18 0.25 0.64 0.64 0.64 0.64 0.64 0.13 0.63
04 042 0.52 1.00 0.83 0.83 0.83 0.83 0.06 1.00
05 052 0.59 0.58 049 0.64 0.49 0.49 0.04 0.96
06 0.13 0.13 0.38 038 038 0.38 0.38 0.03 0.58
07 073 0.85 0.72 039 0.63 0.59 0.59 0.0 1.00
08 022 012 0.53 0352 0.52 0.52 0.52 0.00 0.73
09 042 0.44 0.20 0.06 023 0.07 0.46 0.02 0.99
10 038 047 0.51 031 0.51 0.51 0.51 0.02 1.00
11 041 0.53 0.70 0.70 0.70 0.70 0.70 0.05 0.81
12 0.20 018 029 025 023 025 0.26 0.o7 0.82
13 0.01 0.00 0.11 011 0.11 0.11 0.11 0.02 0.57
14 0.06 0.06 0.09 0.08 0.08 0.08 0.10 0.0 0.41
15 0.08 0.08 0.49 049 0.49 0.50 0.50 0.23 0.57
16 0.00 0.00 0.04 0.04 0.04 0.04 0.04 0.00 0.07
17 038 0.38 033 0353 033 0.33 0.40 0.03 0.74
18 0.18 0.07 0.59 039 0.59 0.59 0.59 0.34 0.83

"Shaded cells indicate the highest value for each crop.

?Represents residential turf including golf courses, but does not include sod farms. Sod farms are included in the

all-agriculture land cover class PCA.

* Because all-agriculture PCAs were calculated two different ways, some exceed the maximum Turf-All Ag PCAs.

In such cases (Le.. for HUC-2 regions 2 and 8). the maximum all-agriculture PCA is substituted in this table for the
gional i Turf-All-Ag PCA listed in Table 3-7.
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National cotton study at a local level

* ldentified 20 study areas across US based on cotton production, pest
pressures, vegetation, climate, physiography, soils

« Characterized a study site in each study area using spatial information

SUPPLEMENTING EXPOSURE ASSESSMENT STUDIES USING GIS %
AND REMOTE SENSING TECHNOLOGIES STUDY SITE SELECTION

Authors: S. A. Kay ; C. G. Crabtree; E. B. Henriksen and C. M. Holmes - Cor Services Ir i Tacoma, WA
R. S. Pearson - Southern lllinois U niversity at Edwardsville, Edwardsville, IL
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Probabilistic risk assessment of cotton pyrethroids

« Developed approaches for spatially relating crop locations (derived from
custom satellite & aerial imagery classification) and surface water (4 types)

« Utilized ‘margins’ of varying distances to quantify crop, including directionality
« Buffers characterized by width and composition

EVALUATING POTENTIAL EXPOSURE OF AQUATIC BODIES FROM SPRAY DRIFT -
USING REMOTE SENSING AND GIS TECHNOLOGIES e ——

Authors: C. M. Holmes ; S. A. Kay; E. B. Henriksen; and C. G. Crabtres - Compliance Services International, Tacoma, WA
R. S. Pearson - Southern lllinois University at Edwardsville, Edwardsville, IL
P: Hendley - Zeneca Agricultural Products, Western Research Center, Richmond, CA
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Probabilistic risk assessment of cotton pyrethroids

Landscape-based exposure analysis used to characterize probabilistic risk
to static water bodies of pyrethroids applied to cotton in Yazoo County, MS

Series of 5 papers published in Environmental Toxicology & Chemistry
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. PROBABILISTIC RISK ASSESSMENT OF COTTON PYRETHROIDS: V. COMBINING
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CHARACTERIZE RISKS

STEPHEN J. MAUND.*T Kmvm Z. Travis.7 PauL HENDLEY.T JEFFREY M. GIDDINGS.§ and KEITH R. SoLoMoN]||
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Ecological Committee on FIFRA Risk Assessment Methods

« USEPA Science Advisory Panel (SAP) encouraged OPP to develop
and validate tools and methodologies to conduct probabilistic
assessments of ecological risk, which led to the formation of
ECOFRAM in the late 1990s

« Continuation of the tiered framework for pesticide risk assessment

 Tier 3: inclusion of more realistic
scenarios representing the Tier 1 - Single value ideally ]
. at 90%ile of expected Tier 2
relevant agricultural Tier - Comservaie il
. probabilistic estimate
lan d_scape using GIS and/or s e
spatial modeling approaches | e ludsapeichemisty

Tier 4 - Most sophisticated -
may included monitoring etc. _

Real World Actual Exp.
may never be known exactly.

Min Max |() ppb
(Log Scale)
\ v Concentration -

ECOFRAM, 1999

Median is area of most

Ke A intense color
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A new century — the 2000s

« Dramatic increase in available spatial datasets

* National scale exposure assessments

* Local scale watershed modeling

« Spatial data to inform endangered species assessments

« EPA scenario expansion — additional EPA for species /
chemicals, other countries built on US modeling shell

2 2010s
2000s

19905




National scale crop proximity to surface water

« Examined ~61,000 watersheds across the US — expansion from previous Yazoo
« Located and quantified cropland within 4 ‘margins’ around water (60m-480m)

National Pyrethroid Aquatic Exposure Analysis (1); Spatial Proximity of Agriculture to Surface Water by Watershed

Christopher M Haimes', Pat Havens’, Paul Hendley', Seott Jackson’, Mary K Mate™~" =~ sonrmmn £kt
Indianapals, TN USA; '5) Crop P NC USA;EA

“Waterbome Environmental, Inc., Lessbung VA USA; ‘Dow Ag
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Watersheds placed in national distributions

Watershed Pounds Al per
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Hydrologic units and watersheds

« Often processed in
hydrologic units, but not true
watershed processing

« Multi level from Region to
Cataloging Unit (i.e. HUCS)

2 US

science for a changing world

Hydrologic Units

Hydrologic Units Map
This LS. Goological Survey map depicts a cla ion system that divides and subdivides the United States
ively smaller river hasin units. These levels of subdivision, used for eollection and arganization of water
2, are called hydrologic units. The hydrologic units outlined on the map represent natural and enanmads
reas. The aumeric identifiers asscciated with these unils are bydsologic unit endes. These codes
: used as administrative addresses of basins, und they do nol necessarily represent nataral watersheds, Detailed
druinage, waterbodies, and names we also shown for the entire map area.
The map size is approximately 40x37 inches. For ordering infarma

tion or assistonce, phonz | -888-ASK 1SGS. /| Some of the information in the inset:
|| wvorotouic unit HYDROIOGKC ONIT
BOUNDARY ook

Typical Unit of Analysis

Hydrologic Unit Boundary
Regions are the lucest drainage bsing delincated on the map.

Subregians divide the regions, and they inclue the area drained by a river

system, i cloved basings, or @ group of streams that form a coastal drainage area, Aceounting units subdivide

imsny of the subregions. Cataloging units are the smallest hydrologic subdivisions shown.

Hydrologic Unit Code

The hydrologic it code is an eight-digit number that identilies each hydrologic unit. The code uniquely
’ 3 ¢ 0 ; A

R o by — http://pubs.usgs.gov/gip/hydrologic_units/pdf/hydrologic_units.pdf

hin four two-digit fiekls

National Atlas of the United States of America™
Tnformaticn on the National Adus, access o this data, availability of ather products and those of olber Federal
ageacies in the National Atlas is given at
http:/iwww.usgs.gov/nationalatlas

U.S. Department of the Isterior Indormation Sheet
US. Geological Survey Febuary 199




“True” watershed-scale modeling for pesticides

« Spatial combination of soil, weather, crop location, pesticide usage
e Coupled with temporal flowing hydrologic network
« USDA Soil Water Assessment Tool (SWAT)

« Later added GIS “front-end” to develop model inputs

Flow (cubic meters per second)

3 i RETTTRIREL,

Precipitation (millimeters)




Watershed modeling with regulatory models

« Link regulatory model (PRZM) for chemical loading to flowing
hydrology (RIVWQ) to generate time series aquatic concentrations

[] Main Drain Watershed
B Model Nodes with Monitoring Data
@ Model Nodes
Model Sub-Watersheds
Model Stream Network

Note:
Shaded area shows unique model input areas;
Unique Soil
COMTRS Area (application data)
Land Use Group
(colors do repeat)




Spatial data and endangered species assessments

 Litigation related to Endangered Species Act stimulated
assessments for Barton Springs salamander, CA Red Legged
Frog, Pacific salmonids, CA “Goby 11”

« Definition of use area and potentially impacted surrounding area as
defined by fate/transport models (i.e., the “action area”)

California Red Le

e M ay be overland distance CNDDE CARLF Observations and Relted %gs':tirc?ge Use (2004) (Lbs Al)
or downstream movement .

« Overlap with critical habitat
or species locations

« Refined use of pesticide
application data in California

N T

Pesticide Use by PLSS Section

. Dafa Sources
Chlorpyritos Caifornia Depstment of Pedicids Regustion.
[ =100 Lbs Al (n Sections with CNDDB CRLF) e

I =100 200LYsAl in Sections with CNDDE CRLF) foc'
[ 200 Lbs Al (in Sections with CNDD8 CRLF)
[ | Sectionswin CNDCB CRLF (0 edkide US6) piap Crosied 1oosermber, 2005
] Al Sectiors wih reported target pesticide use
these Sections e wihaut CRDDB CRLF) \\\ WATERBORNE
e ]

[ Courties with ChODE CRLF otssrvatiors




The current decade ... 2010s

« Ecoregion crosswalk tools

« Endangered species continues

« Nation-wide assessments and context setting

« Quantitative uncertainty analyses

 Increase in web-based tools

« Spatial Aquatic Model (US EPA)

« Ecological modeling- informed by landscape data

o
250005

2010s

"1990s
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Ecoregion crosswalk tool

* Europe — North America Soil Geographic Information
for Pesticide Studies (ENASGIPS)

 Linking multi-continent terrestrial field dissipation data
using landscape information

* OECD tool: USEPA, PMRA, JRC, and EFSA




Endangered species efforts continue

« National Academy of Science (NAS) Panel report (2013)
« Examine proximity of use and species locations early in the process
« Spurred the refinement of species range datasets in a spatial format

* Relate species to potential use areas and off-target exposure using
standard models

« Population modeling if
likely to adversely affect’
iIndividuals

e Stakeholder interaction
continues

|| Modeled Vernal Pools



Bulletins Live! Two

« EPA web-based tool to present the “enforceable, geographically-
specific restrictions on pesticide use” relative to threatened or

endangered species and critical habitat
|

(&) (D 8 | hitps:/f

vw.epa.gov/endangered-species /bulletins-ive-two-view-bulletins c I [

Learn the Issues Science & Technology Laws & Regulations About EPA

Endangered Species
Bulletins Live! Two —— View the Bulletins
Bulletins Live! Two may not be viewable in some versions of Internet Explorer (IE). Please use an alternative browser such as

For assistance in using Bulletins Live! Two, view the tutorial. Also see backaround, notes and a quick start quide for BLT.
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Pyrethroid Working Group national scale analysis

Built on USGS/USEPA National Hydrography Dataset Plus (NHD+)
« Framework for many other EPA, USGS, other national programs
» Contains over 2 million agricultural catchments

Spatial combination of crop location & =
type (over 5-year period), soils, weather,
pyrethroid usage estimates

Crop density w/i 200m of water to refine
baseline exposures of “100% cropped”

Corn
. n=757,949 catchments

Percent of Catchments
0% 20% 40% 60% 80% 100%

o
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Placing regulatory scenarios into national context

« Performed PRZM runoff/erosion modeling for 377,000 soil/weather combinations

Percent of cotton area

Number of soil/weather

Examined runoff/erosion mass flux loss leaving field (9 crops)
Compared Tier Il scenarios for runoff/erosion vulnerability in national context
Comparable assessment at catchment scale for multiple crop/soil combos

National PRZM 30-Year 90th Percentile of Annual Mass Load
Runoff + Erosion Flux Weighted by Cotton Acres

100% I

80%

60%
< All US Cotton Soils PRZM Runoff + Erosion Flux

40% O TXcotton _
A MScotton n_57'719

- soil/weather/cotton

combinations
0% T T T
0.00000 0.00200 0.00400 0.00600 0.00800 0.01000 0.01200 0.01400 0.01600

Soil Annual 90th Centile Runoff + Erosion Flux (kg/ha)

i of
o
e
L
us
us
us
" Sweercom (IR
Tree Nuts CA
GA, TX, NM
:
Fruit
FL
OR, WA, ID
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Examining uncertainty in exposure estimation

« Pyrethroid Working Group examined over 30 key potential sources
of uncertainty associated with the exposure scenarios

 Many have a landscape component (e.g., PCA, crop classification,
drainage area, wind direction)

« Determine the magnitude by which they increase or decrease
concentrations compared to a ‘baseline’ scenario

* Provides an understanding of baseline scenario configuration and
the effect variations in the landscape may contribute to uncertainty
In predicted environmental concentrations

« Individual and combined uncertainty factors
« Comprehensive report to EPA and publication in 2017

N



Spatial Aquatic Model (SAM)

« SAMis a US EPA exposure model designed to simulate the magnitude,
duration, and location of aquatic exposure concentrations of pesticides at
a national scale

« SAM incorporates spatial s@%; Spatial Data Packaged into “Scenarios”
het_erogenelty Of assessed Soils - SSURGO Land Cover - CDL
drainage areas into 2 £ & ,

scenarios and watersheds
 Web-based, open access

« Solicited user feedback on
beta version, review by
Scientific Advisory Panel
(SAP) and held subsequent
stakeholder workshops

« Still under development

| ool

b

(USDA 2010-2013)
Crop Growth

150y P Hardeeas Zere i

§3885148%8
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From: Development of a Spatial Aquatic Model (SAM) for Pesticide Assessments
MEETING OF THE FIFRA SCIENTIFIC ADVISORY PANEL, September 15-18, 2015
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Where we are going now ...

EFSA
Strategy
Today (2016) 2020

EFSA Opinions

‘ and Guidance
Stakeholder

Developments
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e Surface Water

1991 e Landscape &
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91/414/EEC
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