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Introduction

Managing the effects of agrochemicals in
Victorian waterways requires far more
information than we (as scientists and/or
managers) can afford to directly measure
for all the places and all the times, and all
the agrochemicals of interest. Strategies
and/or tools are therefore required to focus
monitoring and risk assessment programs
in a cost-effective manner, and to predict
agrochemical concentrations and effects in
locations that have never been directly
assessed (or inadequately assessed).

To assess the risk of agrochemicals to
aquatic ecosystems, information is required
on the environmental fate of particular
chemicals, their concentrations in the
environment (exposures) and toxicity to
aquatic organisms (as illustrated by the
ecological risk assessment framework
shown in Figure 1). The overall ecological
risk can then by determined based on the
general principle that risk is a function of
toxicity and exposure (or likelihood of an
adverse effect).

A large number of predictive tools and
models are available to assist with all levels
of the risk assessment framework, ranging
from problem identification, exposure and
toxicity analysis, and finally risk
characterisation. The tools available range
from simple risk scoring methods through
to complex modelling, are designed for
different purposes, and each has inherent
strengths and weakness.

The various tools and models available
could aid in the assessment of agrochemical
risks to waterways in Victoria. However,
prior to adoption the usefulness of these
models/tools and the level of further
development required for the specific
Victorian environment needs to be
assessed. This publication provides a
summary of our review of available risk
assessment models, including their
advantages and limitations.

Predictive tools/models

RISK ASSESSMENT — -
Risk identification and ranking tools
¢ Identifying of priority chemicals for monitoring and risk
Problem Formulation - - assessment
and «-—-T" ® Identifying high risk scenarios
Hazard Identification Predicting environmental concentrations
N7 I High definition tools to predict concentrations in the
Vs environment (i.e. likely exposure)
ANALYSIS x 7’ e Farm, local and catchment scales
Effect Exposure
characterisation characterisation
== _ _ P P
N7 v — === _ Predicting toxicity
[ = = =| e Estimating the toxicity of chemicals to specific
Risk organisms where no ecotoxicological data exists
characterisation -
i Risk characterisation tools
= | e Assessing the probability and extent of adverse impacts
(i.e. relationships between exposure and effect
Figure 1 The ecological risk assessment framework and the main types of predictive

tools/models available to assist with the various levels of risk assessment




Agrochemical risk
scoring/ranking tools

To assist in identifying agrochemicals of
oncern within particular environments a
range of risk scoring/ranking tools have
been developed. These tools can assist in
identifying high-risk agrochemicals to be
targeted in monitoring programs or for

University of Florida pesticide selection

indices?

¢ These are guidelines provided to assist
growers select pesticides that are less
likely to impact on water quality.

¢ Indices are available for a range of
crops.

¢ There are four key indicies:

- Relative leaching potential index (RLPI)

further risk assessments. Risk scoring and
ranking techniques rely primarily on the
use of information on chemical properties,
such as soil partitioning coefficient,
solubility in water, and toxicity to aquatic

organisms to generate a relative risk score

or rank.

Pesticide Impact Rating Index (PIRI)!

Developed by CSIRO in Australia
Primarily designed to rate the leaching
risk posed by agrochemicals applied on
a defined area of land

Assists in selecting the agrochemicals to
be targeting in monitoring programs,
rather than predicting likely
concentrations in the environment

Can also be used for educating industry
groups to understand potential impacts
of chemical use selection

A catchment-scale GIS version has also
been developed.

Growsafe calculator

Based on detailed modelling for key
crops and soils in New Zealand
Modelling has been interpreted into a
user-friendly interface, requiring
minimal input of information from the
user, and predicts leaching and soil
persistence risk.

Tool is designed for use by growers to
aid in chemical selection

- Relative runoff potential index (RRPI)

Toxicity index
Aquatic toxicity index

Pesticide Risk Management and Profiling

Tool (ProMPT)3

Evaluates pesticide fate in soil for any
application rate and time of application
for any land-based application
anywhere in the world

Is designed for use in situations where
pesticides are spread over a large area,
and is orientated towards the potential
contamination of groundwater

Uses a large set of public domain data
to determine relative risks for
pesticides.

Dutch Environmental Yardstick*

Developed for assessing environmental
impacts and is a points-based rating
system

The tool considers risks to water
organisms, risk of groundwater
contamination, and risk to soil
organisms

The tool is used as a decision tool by
Dutch farmers for setting standards in
ecolabelling and as a policy evaluation
tool



ChemSCORER?®

¢ Provides a rapid assessment of
environmental hazards associated with
organic chemicals

e Assesses chemicals for persistence,
bioaccumulation potential, toxicity, and
potential for long-range transport and
ranks them against a set of reference
chemicals

PestScreen®

¢ A ranking and scoring method
developed as a screening tool to
provide a relative assessment of
pesticide hazards to human health and
the environment

e Fach hazard measure is scored,
weighted and combined with pesticide
application data to provide an overall
indicator of relative concern (PestScore)

Environmental risk index”

¢ Developed to allow non-expert users to
use leaching, persistence, toxicological,
and bioconcentration data without
needing knowledge related to each
parameter for each agrochemical

¢ Linear models and quotient methods
are used to calculate the environmental
risk index.

Models predicting the
fate of agrochemicals in
the environment

In addition to the less complex risk scoring
techniques, a range of higher definition
models/tools are available for predicting
the fate of agrochemicals in the
environment. These higher definition
models look to predict concentrations likely
in specific environments and/or to quantify
off-site losses. These tools focus on the
three main pathways for off-site
agrochemical movement, namely drift,
leaching, and run off.

Spray drift models

AgDrift?

¢ Designed as a tool for evaluating the
potential for buffer zones to protect
sensitive aquatic and terrestrial habitats
from undesired exposures resulting
from aerial spray drift.

¢ Includes aerial spray drift, drift from
ground rigs and from orchard/vineyard
sprayers.

e Model has three tiers starting with basic
predictions, based on assumed worst
case situations to Tiers II and III, which
allow for more variables to be
manipulated.

¢ Ground spraying and orchard/vineyard
spraying were later additions, and as
such supporting data is limited.

Models can be used to predict the extent of
spray drift under various scenarios (ie
application method and equipment)



German drift models’®

Predicts the concentration of chemicals
drifting and assessing drift reducing
equipment

Modelling has been interpreting into
‘drift values’ based on a series of drift
trials and available for field crops, fruit
crops, grapevines and hops

Enables assessment of drift reduction
(ie through use of different sprayer)
Specifically addresses risks to aquatic
environments

The German drift models show only the
proportion of spray that settles out at
each of various distances from a crop,
not the total proportion of spray that
drifts.

SprayCan'®

Predicts drift into neighbouring
properties

Based on AgDrift model

Incorporates many site factors
including spray equipment, wind
direction and position of wind breaks.
Rates the hazard associated with each
prediction scenario

Model predicts the risk to neighbouring
enterprises, it does not specifically
address contamination of water bodies

Model only considers aerial spraying

Leaching of agrochemicals
through or over soil into
water

Leaching Estimation and Chemistry

Models for Pesticides (LEACHP)"

¢ Predicts the leaching of agrochemicals
through soil profiles

¢ Ring testing has found LEACHP to
predict leaching more accurately than
other models.

* Model is complex and requires detailed
data inputs and is only one-
dimensional

PESTCRN3"

¢ Used to identify those chemicals likely
to cause groundwater contamination
and can be applied at an individual
farm or at the catchment scale

e Addresses situations where
groundwater recharge occurs at a
variable rate

US EPA Models®
The US EPA has developed a suite of
models to assess the movement of

agrochemicals and to assist with chemical

registrations and assessments:

¢ PRZM-3 - predicts leaching through
the crop root and unsaturated zone

e 3DFEMWATER - models the flow and
transport of contaminants through
variably saturated media

¢ PATRIOT - used to assess the
vulnerability of groundwater to
pesticides

¢ ADAPT - simulates groundwater
contamination, considers macropores

¢ EXAMS - evaluates the exposure of
surface water to agrochemicals

GLEAMS*

e Used to assess the effect of farm
management practices on the potential
leaching of agrochemicals



Catchment scale models

Most of the models and tools developed to
predict the fate of agrochemicals do so at a
farm or very localised level. However there
are also a number of models/tools for
predicting agrochemical fate at the
catchment scale.

National Water Quality Assessment

Program (NAWQA) (USA)'

¢ The United States Geological Survey
(USGS) have developed regression
based models to establish quantitative
linkages between pesticide
concentrations measured at sampling
sites and factors such as pesticide use,

soil characteristics, hydrology and
climate

e The models are known as Watershed
Regressions for Pesticides (WARP) and
are used to estimate the annual
frequency distribution of pesticide
concentrations at un-monitored streams

Canadian Fugacity Models'®

¢ The fugacity models consider the
partitioning of chemicals between soil,
air, water, sediment and fish.

¢ The models determine the likely
concentrations of chemical in each
media based on the assumption that an
equilibrium will be reached at some
point in time

e Useful for assessing where chemicals
are likely to end up (ie sediment or

water column)

¢ The models enable the area to be
defined, and so one can look at a small
catchment scale or a large catchment
scale.

Soil and Water Assessment Tool (SWAT)"

e SWAT is a catchment scale model
developed to predict the impact of land
management practices on water,
sediment and agricultural chemical
yields in complex catchments with

varying soils and land use

¢ The model is physically based and
requires input of specific information
on weather, soil properties,
topography, vegetation and land
management

e SWAT enables users to predict long
term (ie decades) impacts such as
problems arising from the gradual
build up of pollutants

Catchment Risk Assessment Tool (CAT)

* Developed to predict the off site
impacts of local scale land use activities
at both the farm and catchment scales

e CAT links site characteristics with
catchment scale processes to yield
outputs such as surface runoff,
sediment loss, and groundwater
discharge

e CAT was designed to assist in the
understanding of spatial and temporal
impacts of land use change.

e CAT in its current form can not predict
the fate of agrochemicals

Catchment Modelling Tool Kit (CMT)

e The purpose of the tool kit is to enable
prediction of the multiple impacts of
land and water management decisions
at a whole of catchment scale

¢ Tool kit includes the Catchment
Management Support System (CMSS)
used for strategic policy planning and
the BC2C, SedNet, and E2 models for
assessing water quality impacts at the

catchment or sub-catchment scale.
¢ The tool kit does not specifically
incorporate pesticides.



Risk characterisation
tools

Whether the concentrations of
agrochemicals within an environment have
been measured directly or predicted
through the use of models, risk
characterisation is needed to assess these
exposure concentrations along with
available ecotoxological effect data to
determine the likelihood and nature of any
adverse ecological impacts. Methods have
been developed to assist with this risk
characterisation step.

Risk Quotient Method

The Risk Quotient Method!® for risk
assessment has been widely adopted by
regulatory agencies internationally. The
risk quotient method compares estimated
environmental concentrations (EEC)
relative to the toxicity of the agrochemical®s.
For example, if the EEC in a 15cm depth of
water exceeds the concentration that would
be toxic to a relevant species, then Q>1
(where Q is an expression of estimated
environmental concentrations). The
quotient can be manipulated by altering the
estimated environmental concentration, for
example by reducing the frequency of
applications. The APVMA considers that
(Q<0.1 is low risk and no mitigation is
required, Q<0.5 to be an acceptable hazard,
and that if Q is between 0.1 and 0.5, then
some additional risk management might be
imposed to further reduce Q. In addition to
using predicted concentrations, the
quotient method can also be used where
measured concentrations are available.

Probabilistic risk assessment

In more recent times probabilistic risk
assessment approaches have been adopted
to aid in quantifying the likely risks posed.
In probabilistic risk assessment, cumulative
frequency distributions of both available
ecotoxological data and environmental
concentrations are overlain. The overlap
between the exposures and effects is then
interpreted into a joint probability curve,
which quantifies the likely risk. Some tools
have been developed to assist with
probabilistic risk assessment.

Probabilistic Risk Assessment Tools
(PRAT)®

PRAT is a spreadsheet configured to
receive exposure and effects data, convert
this data, and to then generate an
exceedence profile plot.

ETX2

In terms of data input and output ETX is
similar to PRAT however has been
configured into a user friendly software
program.

PERPEST*

Based on probabilistic principles, PERPEST
predicts the effect of a pesticide on various
community endpoints based on empirical
data extracted from the literature. The user
enters an environmental concentration for a
particular chemical and other scenario
based information, PERPEST then predicts
the probability of effects on various
grouped endpoints.



References

10.

11.

12.

13.
14.

15.

16.

17.

Kookana, R.S, Correll, R.L and Miller, R.B. (2005) Pesticide Impact Rating Index — a
pesticide risk indicator for water quality. Water, Air and Soil Pollution: Focus. 5:45 — 65.
Hornsby A.G, Buttler T.M, Crocker T.E, Mizell R.F, Dunn R.A and Simone G.W. (2003)
Managing pesticides for grape production and water quality protection. University of Florida,
Cooperative Extension Service, Institute of Food and Agricultural Sciences.
http://edis.ifas.ufl.edu/BODY_S5024.

Whelan, M.], Davenport, E.], and Smith, B.G (2007) A globally applicable location-specific
screening model for assessing the relative risk of pesticide leaching. Science of the Total
Environment. 377 (2-3): 192 — 206.

Reus, J.A and Leendertse, P.C (2000) The environmental yardstick for pesticides: a practical
indicator used in the Netherlands. Crop Protection. 19:637-641.

CEMC (2003). ChemSCORER Beta Version 1.00 - July 2002. Canadian Environmental
Modelling Centre. Trent University, Canada. Available on-line:
www.trentu.ca/academic/aminss/envmodel/models/ChemScor.html

Juraske, R, Anton, A, Castells, F, and Huijbregts M.A.] (2007) PestScreen: A screening
approach for scoring and ranking pesticides by their environmental and toxicological
concern. Environment International in press.

Alister. C, and Kogan, M (2006). ERIL: Environmental risk index. A simple proposal to select
agrochemicals for agricultural use. Crop protection. 25: 202-211.

US EPA (2006) AgDRIFT® model update. United States Environmental Protection Agency.
Ganzelmeier, H, and Rautmann, D (2000) Drift, drift reducing sprayers and sprayer testing.
Aspects of Applied Bilogy, Pesticide Application. 57:1-10.

Maber, ], Dewer, P, and Praat, ].P (2002) SprayCan spray drift prediction model. Hamilton,
New Zealand: Lincoln Ventures.

Hutson, J.L, and Wagenet, R.] (1992). LEACHM: Leaching Estimation of Chemistry Model. A
process-based model of water and solute movement, transformations, plant uptake and chemical
reactions in the unsaturated zone. Version No.. Ithaca, N.Y, USA: Department of Soil, Crop
and Atmospheric Science, Cornell University (Research Series No. 92-3).

Aylmore, L.A.G and Di ,H.J (2000) Predicting the probabilities of groundwater
contamination by pesticides under variable recharge. Australian Journal of Soil Research.
38:591-602.

US EPA (2003). Groundwater Models [web page]. Available at: http://www.epa.gov/ceampl/
University of Kassel, GSF — National research centre for Environmental Health. (2002).
Register of ecological models: Gleams [web page]. Accessed 2004. http://www.wiz.uni-
kassel.de/model_db/mdb/gleams.html.

Larson, S.J, Crawford, C.G, and Gilliom, R.J (2004) Development and application of watershed
regressions for pesticides (WARP) for estimating atrazine concentration distributions in streams:
U.S. Geological Survey Water-Resources Investigations Report 03-1047, 68p.

Mackay D (2003). Fugacity models of chemical fate —a short course. Solutions to Pollution;
Christchurch, New Zealand, September — October 2003. New Zealand: SETAC Asia/Pacific,
The Australasian Society for Ecotoxicology.

Neitsch, S.L, Arnold, ].G, Kiniry J.R, Williams, J.R, and King, K.W (2002) Soil and Water
Assessment Tool Theoretical Documentation Version 2000. Texas Water Resources Institute,
College Station, Texas.



18.

19.

20.

21.

Urban, D.] and Cook, N.J (1986) Ecological risk assessment, standard evaluation procedure.
Washington DC: US Environmental Protection Agency, Office of Pesticide Programs; (EPA-
540/9-84-001).

Solomon, K..R, Giesy, ].P and Jones, P.D. (2000) PRAT — Probabilistic Risk Assessment Tools.
University of Guelph, Ontario, Canada

Vlaardingen, P, Traas, T, and Aldenberg, T (2004) ETX Version 2.0 — Normal distribution
based hazardous concentration and fraction affected. RIVM, Netherlands.

Van den Brink, P.J, Roelsma, J, Van Nes, E.H, Scheffer, M., and Brock, T.C.M (2002)
PERPEST model, a case-based reasoning approach to Predict the Ecological Risks of
PESTicides. Environmental Toxicology and Chemistry. 21 : 2500 — 2506.

For further information contact:

Dr Graeme Allinson or Adam Wightwick

Department of Primary Industries — Queenscliff Centre

Ph: (03) 52580111

Email: graeme.allinson@dpi.vic.gov.au
adam.wightwick@dpi.vic.gov.au

10



