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1. EXECUTIVE SUMMARY

The Commonwealth Scientific Industrial & Research Organisation (CSIRO) was engaged by
Goulburn Murray Rural Water Authority (G-MW) to make a first-tier assessment of the potential
risks associated with pesticides used in G-MW Irrigation Areas to water quality and through water
quality changes to humans, stock, aquaculture, food industries, pastures, and aquatic flora and fauna
and aquatic ecosystems. Twenty four different scenarios for potential pesticide impacts were
identified by G-MW. The assessment for these was made by the authors using intellectual property
and tools available in CSIRO, G-MW's pesticide survey data and raw data collected by G-MW
Project Supervisor and field staff.

The 24 scenarios considered in this risk assessment study represent different combinations of
locations, land use, exposure pathways and receiving environment for water from channels in the six
irrigation areas of the G-MW (Pyramid-Boort, Rochester-Campaspe, Torrumbarry, Murray Valley,
Shepparton and Central Goulburn).

This report provides the first-tier assessment for a range of scenarios based on the available pesticide
use data in six irrigation areas of G-MW. The validity of the results is dependent on the quality of
input data and the assumptions made in the assessments. These assumptions have been discussed in
the report, where appropriate. A number of recommendations (see page 57) both for management
practice and for future research have also been made.

The study is based on the basic principles of risk assessment, taking into account the hazard (toxicity)
associated with a given pesticide and the pathways through which the receptor organisms is likely to
be exposed to the hazard. The receptors were placed in four major groups as follows:-

Receptor group Hazard/Toxicity Indices used

Mammals (humans & animals) LDs, (Lethal dose for 50% mortality) for rats

Agquaculture (fish) LCsy (Lethal concentration for 50% mortality) for rainbow
trout

Agquatic ecosystem (macro-invertebrates)  LCs, for Daphnia and ECs, for Algae

Pastures Phytotoxicity pasture crops (rye grass, clover)

Refer to Table 4-2 on page 13 for an explanation of LDsjand LCs_
The results based on these toxicity indices are presented in Tables 4-22, 4-23.

The exposure pathways assessed were: (i) drift during application, (ii) drainage discharge
[including runoff, erosion or drift and pumped discharge following heavy rain], (iii) accidental spills,
and (iv) unlawful acts such as washing of spraying equipment in supply channels.

The methodologies used in various assessments were designed specifically to include important
factors governing risks via drift and accidental spills. The risk from spray drift, spills and unlawful
acts was assumed (amongst other factors) to be directly proportional to the toxic load of the pesticide.
The toxic load was calculated from the amount of the pesticide used multiplied by the fraction of the
active ingredient multiplied by the toxicity index. Consideration was also given to the formulation,
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i.e. whether the pesticide was applied as a liquid or a solid, and the application method. For
calculating the risk of pesticide discharge into drainage water via runoff, erosion or drift, an
existing risk assessment index, named Pesticide Impact Rating Index (PIRI), designed by CSIRO
for this purpose was used. However, a new methodology was developed for calculating the
pesticide risk from drift, spills and unlawful acts.

Input data on pesticide use in various land uses in different districts, the volume of pesticide used,
method application, soil properties, crop irrigation requirement were supplied by Goulburn-Murray
Water (G-MW). The toxicity data were obtained from various sources, largely from published
literature, compiled in PIRI database. Some algal toxicity data on pesticides were also compiled by
one of the authors (G Kibria). The long-term climatic data were taken from the Bureau of
Meteorology.

Results for (i) drift during application, (ii1) accidental spills, and (iv) unlawful acts are essentially
summarised in Table 5-22 which shows the combined risk for each receptor and across receptors.
The top 10 pesticides found to pose the highest overall risk from these sources are also listed below
starting with the pesticide with the highest risk.

omethoate
esfenvalerarate
methomyl
thiram
bifenthrin
mancozeb

These pesticides are primarily used in fruit and vegetable production in G-MW Irrigation Areas,
located mainly in the Shepparton, Central Gouburn and Murray Valley Irrigation Areas (given in the
report as Goulburn-Murray Valley or GMV). The only other high risk insecticide, omethoate, is used
in pastures, which is a much more wide spread landuse in various districts.

In terms of relative risk among pesticides, azinphos-methyl poses 20 times more risk than the
next on the list, copper hydroxide, according to our calculations. Similarly, azinphos-methyl poses
40 times more risk than parathion methyl and 100 times more risk than omethoate.

Further work is required to take into account the persistence of the pesticides. For example, copper is
persistent, and over time this may accumulate in the system and thus increase its relative risk
compared to a pesticide with a shorter half-life.

The relative risk of off-site migration of pesticides via run-off from irrigated area was also assessed.
Please note that it was not included in the combined risk, as the run-off does not normally reach the
irrigation channels, especially because the irrigation channels are almost universally at a higher
elevation than surrounding land. However, at certain locations, not provided with a G-MW drainage
service, irrigation customers are sometimes permitted to pump flood waters that accumulate
following heavy rain into adjacent irrigation channels. The locations and the types of irrigated
cultures where this occurs are precisely known.
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The relative risk to pastures (potential crop damage) from pesticides is also reported. Generally, risk
to pastures was found to be low, partly due to the dilution effect that is expected to occur in the
irrigation channels.

A summary of major findings and major recommendations are given below.

MAJOR FINDINGS

II:

: Pesticides rated to be high risk to mammals (humans, stock, domestic use and food) via

drift, drainage discharge, spills and unlawful acts
Drift : Aziphos-methyl, parathion methyl and omethoate were found to be associated with the
highest risk of drifting into waterways and potentially affecting mammals. These three
pesticides fall under the 'very high' risk category. The other pesticides that are considerable
of relatively high risk are methomyl, ziram, copper hydroxides, thiodicarb, mancozeb, and
thiram. The pesticides that are of high risk categories to mammals are used mostly in fruit and
vegetables production, in particular in the Goulburn-Murray Valley Areas (Central Goulburn,
Shepparton, Murray Valley Irrigation Areas).
Drainage discharge: Pesticides that have high risk of off site migration through drainage
water include omethoate, pirimicarb, paraquat, endosulfan, pendimethalin, phosmet, phorate,
methomyl, molinate, and thiobencarb. These pesticides are used in various farming practices.
While these pesticides may have potential of mobility with drainage water via runoff risking
mammals and stock, there is minimal chance that such pesticides may contaminate G-MW
channels as all channels are usually at higher elevation than surrounding land and most
drainage occurs into natural carriers.
Spills: Four pesticides have the highest risk of spilling into waterways and affecting
mammals, these include azinophos-methyl, parathion-methyl, omethoate, methomyl. These
pesticides have high mammalian toxicity were used mostly in fruit and vegetable production
in particular in the Goulburn Murray Valley Areas
Unlawful acts: Aziphos-methyl, parathion-methyl and phorate have the highest risk via
unlawful acts of getting into waterways and affecting mammals. They were used more in fruit
and vegetable production mainly in the Goulburn-Murray Valley areas

Pesticides rated to be high risk to Aquaculture via drift, spills, and unlawful acts
Drift: Organophosphate pesticides (chlorpyrifos, azinophos-methyl), pyrethroids
(esfenvalerate, bifenthrin, taufluvinate) and fungicides (copper hydroxide) were assessed to
be of high risk via drift to aquaculture throughout the G-MW Irrigation Areas

Spills: Of the large number of pesticides assessed for risk to aquaculture via spill,
organophosphate pesticides (chlorpyrifos, azinophos-methyl), pyrethroids (esfenvalerate,
bifenthrin, taufluvinate) and fungicides (copper hydroxide) were rated to be of high risk to
aquaculture throughout the G-MW Irrigation Areas. Majority of these pesticides were used in
fruits, viticulture and vegetables growing areas

Unlawful acts: Pesticides with the highest risk getting into waterways and affecting
aquaculture via unlawful acts were chlorpyrifos, azinphos-methyl, bifenthrin, copper
hydroxide, esfenvalerate, trifluralin, and endosulfan. These pesticides were used throughout
the G-MW Irrigation Areas in fruit, vegetable, crops, pastures, viticulture.
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I1I : Pesticides rated to be of high risk to Aquatic Ecosystem (Environment) via drift, spills

and unlawful acts
Drift: Metiram, chlorothalonil, atrazine, and diquat were rated to be highest risk scoring's of
drifting into waterways and affecting the aquatic ecosystem (algae). These pesticides were
used in fruit, vegetable, cereals, pasture and lucerne and viticulture production throughout the
G-MW Irrigation Areas. Pesticides which have the highest risk of drifting and affecting
aquatic ecosystem (Daphnia or Crustaceans) were azinphos-methyl, copper hydroxide,
chlorpyrifos and parathion methyl and are often used in fruit, vegetable or viticulture
production
Spills: Diquat was assessed to be of very high risk via spills and affecting aquatic
environment (algae), whereas azinphos-methyl, parathion-methyl and omethoate have the
potential of very high risk to aquatic environment (Daphnia). Diquat is used in irrigated
pasture, e.g. lucerne, whereas azinphos-methyl, parathion-methyl are used in stone & pome
fruit production. Diquat was not identified in high risk categories for any other receptors via
drift or spills or unlawful acts
Unlawful acts: Atrazine, chlorothalonil and metiram appear to have the highest risk via
unlawful acts affecting aquatic ecosystem (algae), whereas azinphos-methyl, copper
hydroxide and chlorpyrifos were rated to be highest risk to aquatic ecosystem (Daphnia).

IV : Pesticides rated to be of high risk to Pastures via drift, spills and unlawful acts

Drift & drainage discharge: A total of 15 herbicides were assessed to have medium to higher
risk to pastures, of which molinate and glufosinate ammonium salt were rated to have some
potential risk (medium) to pastures. It should be mentioned here that current assessment with
sulfonylureas herbicides have resulted to suggest low risk to pastures, this may be due to
current low use in the Irrigation Areas, however, the risk may be higher if these herbicides are
used more intensively or their use increases.

V : Combined pesticide risk calculated across drift, spills and unlawful acts

The combined risk assessment of different receptors (humans, aquaculture, aquatic
ecosystems) showed that 83% of pesticides rated to have 'very high risk' were used in fruits
and vegetables production. The pesticides rated to have 'very high' risks were azinphos-
methyl, copper hydroxides, parathion-methyl, and chlorpyrifos. The pesticides rated to 'high
risk' were omethoate, esfenvalerate, methomyl, thiram, bifenthrin and mancozeb.

MAJOR RECOMMENDATIONS

Recommendations relevant to Mammals (humans, stock, domestic use and food processing)

The current study found that pesticides such as organophosphates (azinphos-methyl,
parathion-methyl, omethoate and phorate) and carbamates (methomyl) are of high risks to
mammals. These pesticides are used mainly in fruits and vegetables production and should be
monitored downstream of channels where fruit and vegetable are intensively grown. G-MW
authority should encourage best management practices to reduce spray drift and accidental
spills of pesticides, in cooperation with Government departments such as Department of
Primary Industry (DPI) and Department of Sustainability & Environment (DSE).

Recommendations relevant to Aquaculture
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It is suggested that G-MW should identify key areas used for aquaculture and the dominant
landuse in proximity to those areas. Furthermore, aquaculture establishments should be
monitored for high risk pesticides such as organophosphate (chlorpyrifos, azinphos-methyl),
organochlorine (endosulfan), pyrethroid (esfenvalerate, bifenthrin ), fungicide (copper
hydroxides), and herbicide (trifluralin) . A higher tier risk assessment is needed for which the
risk from these pesticides to aquaculture species needs to be measured in a simulated
laboratory based experiment for its acute and chronic toxicity.

Recommendations relevant to Aquatic Ecosystem (Environment)

Aquatic ecosystems receiving channel outfalls should be monitored for organophosphates
(azinphos-methyl, chlorpyrifos), fungicides (copper hydroxide, metiram). Majority of these
pesticides is used in fruit and vegetable production.

Recommendations relevant to Pastures and horticultural crops

Herbicides such as molinate and glufosinate ammonium and sulfonylureas herbicides
(depending on their use) should be monitored in channels supplying water to leguminous
pastures (e.g. lucerene, medics) and other sensitive crops (such as canola, chickpeas,
fababeans).For high value crops such as tomatoes, viticulture and other horticultural crops, a
more detailed risk assessment needs to be made for herbicides used on these crops.

Recommendations relevant to combined risk (drift, spills, unlawful acts)

The current combined risk assessment did not include drainage discharge pathways with the
understanding that G-MW irrigation channels are at higher elevation than the surrounding
irrigated areas and therefore there is likely little possibility of the irrigation drainage water
affecting plants and other receptors via contaminated irrigation run-off. However, it is
suggested that in the future risk assessment (2" tier), this may be carefully considered as
discharge into natural waterways may affect water quality and aquatic species living in
natural carriers/drains.

General recommendations

G-MW should give considerations to an audit of pesticides used patterns across the different
farming sectors in the six irrigation areas. It is suggested that collection of pesticides use data
should continue, with special emphasis on the Torrumbarry (Kerang) and Pyramid-Boort
(Boort) where agriculture is expanding (eg. onion in Kerang and olives and tomatoes in
Boort)

Persistent pesticides (those pesticides with a long half-life) which show bioaccumulation and
biomagnification potential and food chain effects should be considered in future 2™ tier
assessments

Where possible, monitoring should be carried out to assess the realistic risks to mammals,
aquaculture, aquatic ecosystem. To reduce cost and increase efficiency initial focus may be
placed on a number of 'high risk' pesticides identified in fruit and vegetable production. It is
recommended that the pesticide residue be monitored in the vicinity or upstream of
aquaculture establishments and down stream of intensive fruit and vegetable production areas.
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3. Background and scope of the report

Goulburn-Murray Water (G-MW) suspected that water supply channels can potentially be
contaminated with pesticides and may become unfit for human consumption, stock drinking,
irrigation, food processing and aquaculture as well as could have an impact on aquatic biota living in
natural waterways. Because of expected risks, CSIRO was engaged by the Goulburn Murray Rural
Water Authority (G-MW) to make a first-tier assessment of the risks associated with pesticide
contamination of irrigation channel water used in G-MW’s Irrigation Areas by humans, stock,
aquaculture, food industries, pastures, and aquatic flora and fauna and aquatic ecosystems. The
assessment was made for 24 different scenarios that were identified by G-MW, using intellectual
property and tools available in CSIRO and utilising G-MW raw and confidential data and
information.

The 24 different scenarios considered in this risk assessment study represented different
combinations of locations, landuse, exposure pathways and receiving environment for water from
channels in all six G-MW Irrigation Areas (Pyramid-Boort, Rochester-Campaspe, Torrumbarry,
Murray Valley, Shepparton and Central Goulburn). The map and major townships located in these
districts are provided in Appendix 1. The details of various scenarios considered are listed in
Appendix 2, along with the section where each can be found.

This report provides the first-tier assessment for a range of scenarios based on the available pesticide
use data in the six G-MW Irrigation Areas. The validity of the results is dependent on the quality of
input data and the assumptions made in the assessments. These have been discussed in the report,
where appropriate. The limitations of the study and recommendations for future action have also
been included.

4. Methodology used in the project

General methods used in this study and the input data used in various assessment are covered in this
section. However, some specific methods and tools used for various scenarios have been provided in
separate section specific to a topic.

The study is based on the basic principles of risk assessment, taking into account the hazard (toxicity)
associated with a given pesticide and the pathways through which the receptor organisms is likely to
be exposed to the hazard. A prerequisite to the risk assessment process is to identify the species/asset
to be protected, as the risk is largely dependent on this. Consequently, in consultation with G-MW,
the first step was to identify scenarios for risk assessment, based on the receptor organisms (e.g.
mammals, aquaculture, environment) and the associated sources of hazard (landuse) and exposure
pathways (e.g. drift, accidental spill). In summary, various receptors were placed in four major
groups (described below in Table 4-1) and the risk assessment methodologies have been described in
the following section.

Please note that validation of the risk estimation is generally not directly possible. In some cases,
chemical analyses can be used to assess whether a chemical is in detectable concentrations in a water
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body. The likelihood of the pesticide migrating offsite in a detectable concentration is referred to as
the mobility assessment. Note that mobility does not take into account the toxicity of the pesticide.

4.1 Receptors

Table 4-1. The summary of various scenarios assessed during the risk assessment

Human Accidental spill in water, Fruit, Each of the six G-MW

Consumption Drift Viticulture, Irrigation Areas

Stock Consumption Drainage water discharge into Vegetables, See NOTE below
channels

Domestic use Pastures and Crops
Unlawful acts

Food processing

Industry

Agquaculture Drift All pesticides used in Combined assessment

G-MW for whole G-MW

Accidental spills

Aquatic  ecosystem Drift All pesticides used in  Combined assessment

(Environment) G-MW for whole G-MW
Accidental spills

Pastures Drift Herbicides only Combined assessment

Drainage water Discharge into for whole G-MW

channels

NOTE - Drift, Spills and Unlawful Acts risk assessment for mammals were across all 6 Irrigation Areas combined, not for
each area.

4.1.1 Humans and animals (Mammals)

The dominant scenario was the use of G-MW water supply for human and stock consumption,
domestic use and use in the food processing industry. This group of receptors was covered by taking
the mammalian toxicity of pesticides into account. For this group of receptors, pesticide use in
various production systems (such as irrigated pastures and crops, fruit and orchards, vegetable) in the
six major irrigation areas of G-MW was assessed. The exposure pathway considered here included
accidental spills, drift, illegal acts and drainage water discharge leading to contamination of the
supply channels.

4.1.2 Aquaculture

Another important asset considered in risk assessment was aquaculture — represented by toxicity of
pesticides to fish. While the toxicity of a pesticide varies with the species of fish, our experience
indicated that there is a strong correlation between fish species. Therefore, rainbow trout (for which
toxicity data for most pesticides are available) was used as an indicator of general fish toxicity in this

11



RISK ASSESSMENT -PESTICIDES USED IN GOULBURN-MURRAY

study. Toxicity of pesticides to the food chain of fish was covered by including waterflea (Daphnia)
and algae. The key exposure pathway considered here was drift and accidental spill in the supply
channels or the fish farms. The assessment was carried out for the combined list of all pesticides used
in the G-MW.

4.1.3 Aquatic ecosystem (environment)

This study was primarily focussed on the risks to humans and animals via drinking water and water
used by the food processing industry as well as aquaculture. The risks to broader environment were
not the focus of this study. However, the aquatic ecosystem was covered partially by various
scenarios assessed in the study. As in the case of aquaculture, fish, water flea (macro-invertebrates)
and algae (base of the food chain) represented the different trophic levels of aquatic ecosystem.
However, the risk to other aquatic organisms (frogs) and birds was not assessed in this study.

4.1.4 Plants (Pastures and other crops)

Risk of pesticides to pastures as receptors of irrigation supply water was assessed in terms impact of
herbicides on the pasture production. This is because certain herbicides used in other production
systems are not always compatible and can damage the pastures if irrigated with water contaminated
with herbicides. This assessment was made for all herbicides used in the G-MW region. The risk to
animals due to any contamination of pasture fodder was outside the scope of this assessment.

4.2 Input data

4.2.1 Locations and Farming practices in different irrigation areas
The six irrigation areas selected for this study were namely,
(1) Shepparton, (i1) Central Goulburn, (ii1) Murray Valley, (iv) Rochester Campaspe (R),
(v) Pyramid-Boort (P-B) and (vi) Torrumbary (T), Trseco and Nyah.
The major farming practices in the areas and farming census data has been given in Appendix 3 and
Appendix 4.
4.2.2 Pesticide use data

Pesticide use data (amounts used, application rates and the method of application) for various land
use in G-MW Irrigation Areas is provided in Appendix 5. Shepparton, Central Goulburn and Murray
Valley Irrigation Areas were combined for pesticide use data as Goulburn Murray Valley based on
Krake, Breewel and Kibria (2001).

4.2.3 Pesticide toxicity data to mammals, fish, water flea and algae

The toxicity data for mammals were represented by LDs for rats, for fish by LCs, for rainbow trout
and for Daphnia (water flea) and for algae by ECs, for various species such as Selenastrum
capricornutum and Scenedesmus subspicatus, depending on the availability of the data for a given
pesticide. The above-mentioned toxicities are explained in Table 4-2. These toxicities were collected
from various sources and are part of the database in Pesticide Impact Ranking Index (PIRI) software.
They are listed in Appendix 7.
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Table 4-2 Definitions of Toxicities used by receptor group

Receptor group Hazard/Toxicity Indices used -Explanation

Mammals LDs, for rats -Lethal dose where 50% of experimental rats died
(humans & animals)

Aquaculture (fish) LCso for rainbow trout -Lethal concentration where 50% of rainbow fish died under
experimental conditions

Aquatic ecosystem LCs, for Daphnia -Lethal concentration where 50% of Daphnia die died under
(macro-invertebrates) experimental conditions
and ECs, for algae -Effective concentration where algae reduced by 50%

4.2.4 Soil types and irrigation requirements

The information on soil types in various areas was collected form Technical Bulletin No 22 of
Department of Agriculture, Victoria (Skene, 1971) and other information supplied by G-MW. A
summary of major soil types of the irrigation areas has been given in Appendix 6. Similarly the
irrigation requirements for various crops was supplied by G-MW (Table 4-3) The long-term climatic
data (rainfall, temperature) for various irrigation areas were obtained from the Bureau of
Meteorology (www.bom.gov.au). The data were averages over a period of 50 years or more,
depending on when the record started at a given station.
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Table 4-3 Average water requirement for various cropping systems in the G-MW

Crop Water requirement/ Number of irrigations Irrigation period
Applied ( ML/Ha)

1. Perennial pastures / 10-10.5 20/ 14 Nov. to March

Lucerne

2. Annual Pastures 3.6 6 March to Nov.

3. Wheat / Barley 2.4 4 Sept. to Nov.

4. Maize 9 14 Nov. to Feb.

5. Sorghum / Sunflower 7.5 12 Dec. to Feb.

/Millet

6. Rice 12.5-13 Oct-April

7. Stone fruits 4.5-6.7 Aug. to March

8. Pome fruits 3.95-10 Aug. to March

9. Olives 5.0-5.5 Aug. to March

10.Vineyard 4.5 Sep. to March

11.Tomatoes 4.5-5 (drip) 50-80 Sep. to April
6-8 (furrow) 10 Sep. to April

12.0Onion 3-4 (drip) May-Nov.

5-7.5 (furrow)

Information based on : David Thomas, Dept of Agriculture & Rural Affairs Kerang; Abdi Qassim, DPI, Tatura; Martin van der Sluys Secretary,
Victorian Rice Growers Association; Henry Schneider, DPI, Cobram; Michael Campi, Timbercorp, Boort; Geoff Enever, G-MW, Rochester; Lizz
Mann, APTRC, Shepparton

4.3 Risk Estimation Method

4.3.1 Estimation of the risk of DRIFT

Pesticide drift can affect neighbouring non-target areas. These areas may be areas under agriculture
or horticulture, where there is potential for the drift to cause significant harm. An example of this is
when there is drift from herbicides to a vulnerable crop. Drift can also affect drinking water,
especially via rainwater tanks, and other water bodies.

This section of the report concentrates on contamination of surface waters by the drift. This
contamination has the potential of adversely affecting water quality. This in turn may cause lethal
(eg. fish kills) or sub-lethal effects (eg. poor growth and reproduction) on aquatic organisms living in
channels, creeks and rivers. Water contaminated with pesticide drift can be unsuitable for
aquaculture.

The effect of the spray drift on aquaculture may be directly on the fish, or it may have an indirect
effect via algae or invertebrates both through reduction in the food supply and through
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biomagnification. Increased stress on the fish could lead to a greater vulnerability to disease and
lower growth rates.

Spray drift is controlled largely by environmental conditions, and secondarily by droplet size. The
the risk of spray drift cannot be accurately formulated, especially when the conditions at the time of
spraying are not known. Some ranking of the risks can be made on the basis of pesticide data and on
the manner in which it is applied. (See Appendix 5 for pesticide data and application method)

A new methodology has been developed for this project that uses available data. While precise
conditions are not known, it is likely that over a period of time, some averaging of conditions will
occur. Other factors like droplet size then become increasingly important. The methodology used is
outlined and illustrated below.

The risk from spray drift is considered (amongst other factors) to be directly proportional to the toxic
load of the pesticide. The toxic load can be considered as the product of the amount of the pesticide
used multiplied by the fraction of the active ingredient multiplied by a toxicity factor. Consideration
is also taken as to whether the pesticide is applied as a liquid or a solid and the application method
used. For convenience each of these components is calculated as a score that is on a logarithmic
scale. These scores are then added to give an overall risk score for accidental drift of pesticides.
Details of the component scores are given below.

e Amount of pesticide: this is the total amount of pesticide that is sold by distributors. The
score is the log of the number of litres or kilograms purchased. Please note that this amount
is unaffected by the dilution used before application;

e The score for active ingredient is the log of the percentage active ingredient;

e The toxicity score is calculated from LD50 (mammal) or LC50 (invertebrate or fish) or EC50
(algae) expressed as mg kg as shown below in Table 4-4. Toxicity data used in this study
were obtained from the PIRI database or from the current study. Details are shown in
Appendix 7.

Table 4-4 Toxicity Scores for different species

Species Formula

Mammal (Rat) 5 -log LD50
Rainbow Trout 2.5 -1log LC50
Algae 3 - log EC50
Daphnia 1.5 - log LC50

LD50 =dose required to kill 50% of test organisms;

LC50 =concentration required to kill 50% of test organisms;

EC50= median effective concentration

Different formulas for toxicity scores were required for different species to get about the same proportion of High and
Very High overall ratings.

e Application method risk scores were formulated using G-MWs practical experience on the
relative risk component of different application types (Table 4-5). The boom spray was taken
as a relative standard and given a component risk score of 1 (which is zero on a log scale).
High risk applications such as air blast were given a component score of 30 (approximately
1.5 on the log10 scale), and a low risk application such as a wiper was given a very low
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component score of 0.00001 (or —5 on the log10 scale).

The next step was to allocate an application method score to each pesticide depending on the
application method(s) used. Where there were several application methods, the risk
component was averaged using a weighting (shown in Table 4-5) that reflected the amount of
pesticide that was applied by that method. For example, where a spray may be applied
sometimes with a knapsack spray or alternatively with a boom spray, it is assumed that most
of the spray would be from the boom spray. The application method scores used are shown in
Table 4-6. Logarithms to the base 10 of this score were used

Table 4-5 Application Method-Drift Risk Score Components including weightings used.

Application Method Risk score component Weighting |
Air Blast 30 1
Low volume Air blast 30 1
Misting machine 10 1
Boom Spray 1 1
Low volume boom spray 1 1
Dip 0.00001 1
Soil incorporation 0.00001 1
Immersion 0.00001 1
Soil applied granular form 0.00001 1
SCWIRT (Soluble chemical water injection in rice technique) 0.00001 1
CDA (Control droplet application) 0.00001 0
Wiper equipment 0.00001 0
Knapsack 0.00001 0

Note. Application methods with weighting of 0 were ignored in risk score averages. For example the 3™ application method listed
in Table 4-6. Air Blast, Boom Spray, Knapsack receives drift ranking score of 15.5 = (30+1)/2. Knapsack (0.00001) is ignored.
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Table 4-6 Application Method-Drift Risk Score Used

Application Method Drift Ranking |
Air blast 30

Air blast, Boom spray 15.5
Air Blast, Boom Spray, Knapsack 15.5
Boom spray, Air Blast 15.5
Boom Spray, Knapsack, Air Blast 15.5
Low volume Air blast, Boom sprayer, Knapsack 15.5
Misting machine 10
Boom spray, Misting machine 5.5
Misting machine, Boom Sprayer 5.5

?, Boom spray, Knapsack 1

Boom spray 1

Boom spray, Knapsack sprayer 1

Boom spray, Wiper equipment, CDA (Control droplet application) 1

Low volume boom spray 1

Spray & dip 0.500005
Dip 0.00001
Immersion 0.00001
SCWIRT (soluble chemical water injection in rice technique) 0.00001
Soil applied granular form 0.00001
Soil applied granular herbicide 0.00001
Soil incorporation 0.00001

e The total risk score is then formed by summing the component scores namely; the quantity
score, the active ingredient score, the application method score and the toxicity score. Note

that this score is the log of the product of the un-logged components.

e Finally an overall rating of the risk score is given for each pesticide. For drift risks scores in
the following ranges were designated very high, high, moderate low or very low using the
classes defined in Table 4-7. Ranges were designed to get approximately 5% in High and

10% Very High overall ratings.
Table 4-7 Drift - Risk Score Rating ranges

Total Overall
Score Rating
<5 Very Low
5-6 Low
6-95 Moderate
9.5-11 High
> 11

The score derived implicitly assumes that:

1. The value threatened by each pesticide is similar (a reasonable approximation to the truth);

2. The drift of each pesticide type is equally likely given the application rate — this is an
approximation as it does not take into account (amongst other things) the properties of the

carrier.
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3. The risk components from the application method as shown in Table 4-5 are reasonable.

4.3.2 Estimation of the risk of DRAINAGE DISCHARGE (runoff)

PIRI (Pesticide Impact Rating Index) is a simple index that integrates different factors influencing the
off-site migration potential of pesticides. PIRI considers site conditions (e.g. soil type, topographic
conditions, water input), pesticide use patterns (type of pesticides, their application rates and
frequency of application), pesticide properties (mobility and persistence) and their toxicity to
receptor organisms. In the present study, fish (rainbow trout), water flea (Daphnia) and algae were
considered in the assessment. The toxicological data for some pesticides were not available,
especially for algae and therefore these assessments could not be made in some cases. Refer to
Appendix 7, which shows the gaps as blanks in the toxicity table.

4.3.3 Estimation of the risk of SPILLS

Pesticide spills can threaten human health and cause significant environmental contamination. In this
section we consider the risk estimation of a spill and then risk mitigation of spills.

Spills could occur in either the diluted or undiluted form. We consider that the greatest risk comes
from an accidental spill of undiluted pesticide, perhaps in transport, storage or mixing. By contrast,
an accident involving say a burst hose on a sprayer would soon be detected, and the amount of
pesticide lost would be decreased by the dilution factor.

This section therefore concentrates on the undiluted forms of the pesticides. The remarks do apply to
the diluted forms as well.

The estimation of the risk of spills cannot be formulated directly. A new methodology has been
developed for this project. This is outlined and illustrated below. The methodology developed is a
similar to that for estimating the risk of drift.

The risk of spills and other accidents is considered to be directly proportional to the toxic load of the
pesticide. The toxic load can be considered as the product of the amount of the pesticide used
multiplied by the fraction of the active ingredient multiplied by the toxicity factor. Consideration is
also taken as to whether the pesticide concentrate is a powder or a liquid. For convenience each of
these components is calculated as a score that is on a logarithmic scale. These scores are then added
to give an overall risk score for accidental spills of pesticides. Details of the component scores are
given below.

e Amount of pesticide: this is the total amount of pesticide that is sold by distributors. The
score is the log of the number of litres or kilograms purchased. Note that this is amount is
unaffected by the dilution used before application;

e The score for active ingredient is the log of the percentage active ingredient;

e The score for the form of the active ingredient is —1 for powder or 1 for liquid — the rationale
for this was that most of a powder (we assumed 99%) would be recoverable from a spill
whereas most of a liquid would be lost — the difference between a score of —1 and +1
represents a 100 fold difference;

e The toxicity score is calculated from LD50 or LC50 expressed as mg kg of algal,
invertebrate, fish and mammalian toxicity as shown previously in Table 4-4.
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The risk score is then formed by summing the component scores namely; the quantity score,
the active ingredient score, the liquid accident score and the toxicity score. Note that this
score is in effect the log of the product of the un-logged components.

Finally an overall rating of the risk score is given for each pesticide. Spills risk scores
greater than 10 were designated ‘Very High’, greater than 9 were high and so on as shown in
Table 4-8. Ranges are slightly different to those used for drift overall ranges. Once again
ranges were designed to get approximately 5% in Very High and 10% High overall ratings.
Notice the same toxicity score formulas were used for both Spills and Drift Risk Assessment.

Table 4-8 Spills - Risk Score Rating ranges

Total
Score Overall Rating
<6 Very Low
<7 Low
<9 Moderate
<10 High
>10

The score derived implicitly assumes that

1.
2.

434

The value threatened by each pesticide is similar (a reasonable approximation to the truth);

The spill of each liquid type is equally likely. Note volume is included in risk score, therefore
spills of frequently used pesticides have higher risk ratings.

Estimation of the risk of UNLAWFUL ACTS

Unlawful acts are defined by regulations that may be controlled by Local, State of Commonwealth
authorities. One set of regulations is shown in Appendix 8. A complete search of all relevant
regulations and statutes is beyond the scope of this report.

Commission of an unlawful act in many cases poses an acute and immediate risk (e.g. use of a spray
that is not permitted), whereas in other cases the risk may be to the regulatory system (for example
keeping of records), and failure to comply with may not in itself pose a threat.

Some of the significant types of unlawful acts that could affect the risk from pesticides include
A Unlawful use of pesticides -

1

il

iii
v

Malicious use. Malicious uses of pesticides include extortion and sabotage. No estimate
of the risk from this source is offered in this report.

Use of unregistered pesticides (or use in an unregistered manner). The use of unregistered
pesticides cannot be quantified in the same manner as for spills and spray drift because there
would be no records of such events. Some quantification of the risk might be obtained from
prosecution records, but that would be an under-estimate. No estimate of the risk from this
source is offered in this report.

Excessive rates of application. Incorrect usage (e.g. excess application rate) may occur.

Use at the incorrect time. Unlawful timing of sprays may have offsite effect, such as
excess pesticide residues in produce, or deaths of non-target insects (including honey bees).

B Unlawful disposal -

A\

Disposal of concentrated pesticide. In many cases, the amount of pesticide purchased will
not be the exact quantity required for the application. The excess may then be stored or
disposed of in an appropriate manner. Storage must be undertaken only if strict guidelines are
followed (The facility must be secure from theft, fire, flood etc.) Disposal of the concentrated
pesticide requires special facilities that may not be present on the property. There will
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therefore be a cost associated with the disposal. There will be a temptation to illegally
dispose of excess or superseded chemicals in some cheap manner.

vi Disposal of diluted pesticide. There is likelihood that a user of a pesticide will have
excess diluted material in the spray vat. The excess material may be disposed of by spraying
some other area to use up the excess, but this is an expense and could have unwanted side
effects. Illegal disposal of spray materials has been known to occur and there have been
prosecutions. The amount of illegal disposal is not known, and thus the risk cannot be
estimated with the available data.

vii Washings from applicators. Spray equipment needs to be washed after use on a paved
area, and the washings disposed of in an appropriate (lawful) fashion. The risk from this
source could be assessed if data were available on how often equipment is washed in an
unsuitable area, and also on the disposal of the washings.

viii  Handling of containers used for pesticides. Regulations require a triple rinsing of
pesticide containers. As with the spray equipment, data are required on how frequently
thorough washing occurs, and on the fate of the washings.

There are no data available on the use of unregistered pesticides or inappropriate use of pesticides.
It may be feasible to design a survey to assess this. Prosecution data may offer some assessment of
this risk.

Some indication of the risk of unlawful acts from registered pesticides could be developed using a
similar philosophy to that used for spills. The components in that case would be as follows

¢ Quantity of pesticide used, translated to a score of log ( kg per year);

e Fraction of active ingredient (log %)

e Toxicity of the pesticide (5 — log(LD50) or similar as per Table 4-4)

e Function of cost and disposal cost of pesticide.

The effect of disposal cost of undiluted pesticides, diluted pesticides and pesticide containers has not
been formulated at this stage. Some indication of the risk from unlawful acts in the categories iii -
viil can be estimated using the above method. However since no information on costs was provided,
the sum of the first three components only were used as a preliminary indicator of a first tier
unlawful acts risk assessment.

As for Spills and Drift first tier risk assessment, an overall rating of the risk score is given for each
pesticide. For unlawful act risks scores in the following ranges were designated very high, high,
moderate low or very low using the classes defined in Table 4-9. Ranges are slightly different to
those used for drift and spills overall ranges. Once again ranges were designed to get approximately
5% in Very High and 10% High overall ratings. Notice the same toxicity score formulas were used
for unlawful acts, Spills and Drift Risk Assessment.
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Table 4-9 Unlawful Acts Risk Scores Overall Rating

Total Overall
Score Rating
<5 Very Low

<6 Low
<9 Moderate

<10 High

10 | R

The score derived implicitly assumes that:
1. The value threatened by each pesticide is similar (a reasonable approximation to the truth);

2. Unlawful Acts involving each pesticide type is equally likely. This is an approximation as it
does not take into account (amongst other things) the properties of the carrier. Note volume is
included in risk score; therefore unlawful acts involving frequently used pesticides have
higher risk ratings.

4.3.5 Estimation of Combined Risk

4.3.5.1 Combining pathways

Ideally we want to determine the combined risk for each receptor. This can be readily calculated
across drift, spills and unlawful acts. In the next phase of work, drainage discharge (runoffs) could
also be incorporate into this combined risk score.

The combined risk score was defined as follows. The combined score included the overall drift score,
the overall spills score and the overall unlawful acts score for each receptor. Spills and Unlawful
Acts were weighted low (0.25 and .125 respectively). The score was divided by 1.375 (sum of the
weightings = 1+ 0.25+0.125) to bring it back to something like the original scale.

This is also spelt out as a formula below.
Combined (Drift, Spills and Unlawful Acts) Risk Score =
(Drift Score + 0.25*Spills Score + 0.125*Unlawful Acts Score) / 1.375

The combined risk score for this first tier risk assessment was translated into a rating for each
pesticide. The following ranges were designated very high, high, moderate low or very low using the
classes defined in Table 4-10.
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Table 4-10 Combined Risk Rating Ranges

Total

Overall Rating Score
Very Low <6
Low <7
Moderate <10
High <11

>11

4.3.5.2 Combining receptors

As well as combining pathways within a receptor group, we want to determine the combined risk
across the receptors. The combination of the scores is rather subjective as hazards were measured
differently for different receptors; LC50 was used for rainbow trout and daphnia, LD50 for rats and
EC50 for algae.

Combining pathways is also difficult because there are missing values. For example, for 62% of the
66 pesticides, algal toxicities (EC50) were not available. 18% of pesticides had no Daphnia LC50s.

The combined risk score took into account the availability of the data — the rainbow trout data are
available for all comparisons, but the algal data are not available for most comparisons. We have
therefore weighted the receptor scores by the number of toxicity data points there were for that
receptor. Daphnia had a weighting of 0.82 (82%) and algae of 0.38 (38%). A standard weighted
average was then used to form the risk index combined across receptor groups. Where there were no
data for the toxicity of a pesticide to a particular receptor, the weight was set to zero.

Thus the overall combined risk (4.3.5.2 ) across receptors was calculated as shown below.
Overall combined risk across all receptors (Sum*) =

Either (Rat Score + Rainbow trout Score + 0.82* Daphnia Score + 0.38 Algae Score) / 3.2
Or (Rat Score + Rainbow trout Score + 0.82* Daphnia Score) / 2.82, for algae EC50 missing
Or (Rat Score + Rainbow trout Score + 0.38* Daphnia Score) / 2.38, for Daphnia LC50 missing
Or (Rat Score + Rainbow trout Score) / 2, where both algae EC50 and Daphnia LC50 missing.
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S. Risk estimates for different receptor groups in G-MW area

5.1 Mammals (humans, stock, domestic use and food processing industry)

The results of risk assessment for this group of receptors (represented by mammalian toxicity) from
various pathways such as drift, accidental spill discharge of drainage water to supply channel and
illegal acts has been provided below.

5.1.1 DRIFT

The results of the risk scoring for drift are shown in Appendix 9 and Appendix 10. Table 5-1, an
extract of the complete table (Appendix 9), is included here to aid understanding of the method
explained previously. From the table extract, azinphos-methyl appears to have the highest risk of
drifting into water ways and affecting mammals.

Table 5-1 Estimation of total drift risk ranking for 12 pesticides based on mammalian toxicity

s B ® >
c -t
o 2 3 2 3 = g
c o o E°] o) (a] o
=] o = e c®© c > 2
8 w o 5 o o 5 o
8 o > e £ 5= = w8 =
=) - o = S =9 ® o WO X X 8
Q ® £ = o Qo Lo Lo T 0% ©
b= - 5 = > = = c = s 9F5 = < [ ol
8 2 5 S5 ©% 88 &8 28 8558 B
o (o] > (¢ < <wm <=2 < A< N X
pirimicarb Moderate 1000 3.00 50% 1.70 Air blast 148 147 2.83 | 9.01
fenthion Moderate 2000 3.30 55% 1.74 Air blast 148 250 2.60 | 9.12
Low volume Air
blast, Boom
sprayer,
mancozeb Moderate 240000 5.38 75% 1.88 Knapsack 0.74 5000 1.30 | 9.30
sulfur Moderate 80000 4.90 50% 1.70 Air blast 148 5000 1.30 | 9.38
thiram High 14000 4.15 80% 1.90 Air blast 148 620 221 | 9.73
thiodicarb High 4000 3.60 80% 1.90 Air blast 1.48 66 3.18 | 10.16
Air Blast, Boom
copper Spray,
hydroxide High 400000 5.60 26% 1.41 Knapsack 1.19 1000 2.00 | 10.21
ziram High 50000 4.70 76% 1.88 Air blast 148 320 2.49| 10.55
Air blast, Boom
methomyl High 6350 3.80 100% 2.00 spray 1.19 17 3.77 | 10.76
Boom  spray,
24286 4.39 80% 1.90 Air Blast 1.19 25 3.60| 11.08
17000 4.23 50% 1.70 Air blast 1.48 6 422 11.63
80000 4.90 50% 1.70 Air blast 1.48 9 4.05]| 1212

2Quantity score (log of volume), ® ingredient score (log of active % product), Application method (see Table 4-5 )

Application drift score (log of risk score component), °Rat toxicity score = 5 — log(LD50), Rat total score = a+b+c+d
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omethoate

w

copper hydroxide

thiram

pirimicarb
amitrole
bifenthrin
MCPA
2,4-D
chlorothalonil
tebufenozide
imazalil
metribuzin
glyphosate
fluazifop-p-butyl
oxyflurofen
beta-cypermethrin
carbendazm
penconazole >11 is Very High,
phorate ~————— 9.5-11 is High,
6-9.5 is moderate,

5-6 is Low and
<5 is Very low

chlorsulfuron
bensulfuron

thiobencarb

Figure 5-1 Mammalian Drift Risk Rating Graph

A plot of the risk to mammals against the rank of the risk is shown in Figure 5-1. The plot indicates
that three pesticides have a higher rating than the others. These three (Azinphos-methyl, parathion-
methyl and omethoate ) were accordingly given a ‘Very High’ rating and are shown in an expanded
version in Figure 5-2.

The risk of azinphos-methyl (Very High) was about 20 times (i.e. 10"*'*'%7®) that of methomyl
(High), and about 500 times (i.e. 10021293 8)) that of sulphur (moderate), so the risk from different
pesticides is markedly different. Values are from Table 5-1.
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15

azinphos-methyl
parathion methyl

omethoate

methomyl

ziram

copper hydroxide

thiodicarb

mancozeb

thiram

Figure 5-2 Mammalian High and Very High Drift Ratings

Pesticides with “High’ or ‘Very High’ drift risk ratings are displayed in table format alongside
landuse and the areas applied in Table 5-2.

Table 5-2 Drift- Highest Mammalian (Rat) Pesticide Risk Ratings with Land-use

o Mammalian
Pesticide Rating Land Use Areas
Stone fruits, pome fruits GMV
Stone fruits, pome fruits GMV
Irrigated pasture, Lucerne P-B, GMV, T, R
methomyl High Tomatoes, vegetables, viticulture GMV, T
ziram High Stone fruits, pome fruits GMV
copper hydroxide High Vegetables, viticulture R
thiodicarb High Vegetables (tomatoes), vegetab