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1. INTRODUCTION

Parathion methyl has been selected for review in the existing chemical review
program.  It is an organophorphorus insecticide and is used for the control of
aphids, caterpillars, helicoverpa spp, moths, butterflies, mites, weevils, jassids,
budworm and scale.  Use is for stone and pome fruits, vegetables, cotton and
tobacco.

2. CHEMICAL IDENTITY

Chemical name: O,O-Dimethyl O-(4-nitrophenyl)
phosphorothioate

Common name: Parathion methyl
Manufacturer's code:
CAS Registry number: 298-00-0
Molecular formula: C8H10NO5PS
Structural formula:

O NO2

P

O S

O

H3C

H3C

Molecular weight: 263.206

3. PHYSICO-CHEMICAL PROPERTIES

The following physico-chemical properties are from the TGAC submissions of
Bayer and Cheminova.  They refer to the pure ingredient unless otherwise stated.
The technical grade material is >92% pure (Bayer) and >80% (Cheminova).

Appearance: White crystals or a brown amber liquid
Odour: Rotten eggs or pungent garlic
Melting Point: 35-36 °C
Specific Gravity/Density 1.358 @ 20 °C
Vapour Pressure: 1.3 x 10-5 mbar @ 20 °C
Solubility in Water 70.3 mg.L-1 @ 25 °C
Octanol-Water Coefficient. Log Pow = 2.8
Henry’s Constant 8.45 x 10-8 atm m3/gmol
Dissociation Constant: Not relevant.  There are no dissociable hydrogens

Water Solubility

Determination of water solubility in pure water was carried out in compliance
with the US EPA GLP (Carpenter, 1988). Several deviations from the protocol
were noted. These deviations did not invalidate the test results.
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Radiolabelled material and non-labelled analytical grade (99.5%) material was
mixed with deionised water and maintained at 25 °C with constant agitation.  The
test solution was sampled every 25 hours for 4 days and solutions analysed by
liquid scintillation.  Equilibrium was reached in the first 24 hour period.  The
water solubility determined as 70.3 ± 2.73 mg/L @ 25 °C.

Henry's Law Constant

A calculation of the Henry's Law constant for parathion-methyl was conducted by
Cheminova (A/S Cheminova 1989). The calculation was based on published data
for vapour pressure (Spencer et al, 1979) and confidential water solubility data

(Carpenter, 1988). The constant, H, was determined to be 8.46 x 10-8 atm m3/g
mol and shows that parathion methyl is not volatile from water.

Octanol-Water Partition Coefficient

Determination of the octanol-water partition coefficient was carried out in
compliance with the US EPA GLP (Kabler, 1988).  Several deviations from the
protocol were noted, none of which invalidated the test results. Liquid scintillation
was used for detection and quantitation.

Under the test conditions analytical grade parathion-methyl was spiked with 14C-
Parathion methyl (97.8% purity) in test solutions of 1.01 g.L-1 and 0.101 g.L-1.
The mean partition coefficient was determined to be 629 with a mean log P of
2.80. Values for mass accountability and TLC were good.

Summary of Physico-Chemical data

From the physico-chemical properties parathion is moderately soluble in water
and highly soluble in organic solvents.  It has a moderate to strong partition
coefficient and moderate binding to sediment/soil is expected.  It is volatile but
with low volatility from water.

4. ENVIRONMENTAL EXPOSURE

4.1 Environmental Release

4.1.1 Volume

There are six currently registered products in Australia and five registrants.  Five
of these products are EC formulation and one is a micro-encapsulated product.
There is also another micro-encapsulated formulation, Parashoot, in the
registration process (registration was delayed due to the ECRP review).  There are
approximately 400 tonnes of active used per annum, with 7 tonnes of the
registered micro-encapsulated formulation and within three years of registration of
Parashoot, approximately 50 tonnes of active as micro-encapsulated formulations
are anticipated to be sold.  One of the product registrants imports 12 tonnes per
annum of the technical grade active for formulation in Australia.
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4.1.2  Application and Use Pattern.

EC Formulation

Parathion methyl (EC) is registered for use on citrus, pome fruit, stone fruit,
grapevines, vegetables, cotton, tobacco, clover seed crops and cruciferous forage
crops, with the major use being in orchards.  It is used to control helicoverpa
larvae, mites, scale, aphids, mealy bugs, lucerne fleas and thrips.  It is considered a
‘soft chemical’ and is used as an integral part of IPM programs, especially by
growers in the stone and pome fruit industries.

The maximum use rate stated on the label is 2.8 L.ha-1, corresponding to 1.4 kg
ai.ha-1 for helicoverpa in cotton.  For orchards the maximum use rate is 100
mL.100 L-1 of spray for scale (normally during winter dormancy for control of
scale) and for vegetable crops the rate is 65 mL/100 L or 700 mL.ha-1.  There are
other minor uses on the label at different rates, beans and peas for helicoverpa
larvae at 700-1100 mL.ha-1, tobacco at 100 mL/100 L and clover seed crops for
clover seed moth at 800 mL.ha-1.

The current usage in pome fruit orchards is to control codling moth, light brown
apple moth and Oriental fruit moth in IPM programs.  The application rate is 65
mL/100 L, corresponding to 500 to 1000 g ai.ha-1. Scale is normally controlled by
application of winter oil and chemical sprays are not encouraged.

It is normal practice in orchards situations to spray to runoff, normally requiring
1500 to 2000 L.ha-1 of spray solution.  In extreme situations, eg. dry conditions,
this could be as high as 3000 L.ha-1 to achieve complete wetting of the crop.
These figures correspond to application rates of between 487.5 g ai.ha-1 and 650 g
ai.ha-1 for 65 mL/100 L but could be as high as 950 g ai.ha-1.

The use pattern, as stated on the label, is as required for cotton, pome and stone
fruit (or fortnightly); on a weekly program basis for tobacco and every 10-14 days
for vegetable crops.  Parathion methyl could be applied up to 12 times per
growing season but typically 6-10 applications are made per season.  It should be
noted that some market gardening operations would have two crops per year thus
up to 20 applications per year are possible, according to the label.

The current use in cotton is significantly different from that stated on the label.
The majority of the parathion methyl used in Australia is for cotton.  Parathion
methyl is now applied as a mixture with another pesticide, either a pyrethroid or
an organophosphate insecticide, to restore the ‘efficacy of the pyrethroid or other
OP’ and prevent the building up of resistant insects (personal communication,
Neil Forrester, Cotton Research Institute, Narrabri).  When used this way the
application rate normally used is 2 to 2.2 L.ha-1, equivalent to 1 to 1.1 kg ai.ha-1.
Application is from January to the end of the season, with normally 4 mixed
applications per season.
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Parathion methyl is applied to crops by aircraft, tractor powered sprayers, either as
a mist or a spray, and by backpacks. Parathion methyl is normally aerially applied
to cotton (using micronairs on fixed wing aircraft) and sometimes on rape, turnips,
tomatoes, capsicums, potatoes and forage brassica crops (unlimited applications
allowed but normally 4-5 would be the maximum in one season).  The labels ban
aerial spraying in Tasmania (without specific approval of the Registrar of
Pesticides) and prevents the use of back-mounted knapsack equipment in Victoria.

There is no information on types of spray equipment used or any information
concerning the use of low volume application equipment.  Information on
minimising spray drift—size of spray droplets etc., is also not given on the label.

Micro-encapsulated Formulations (ME)

The micro-encapsulated formulation Penncap-M is registered for application to
pome fruit, citrus and grapevines at 125 mL.100 L-1 of spray which corresponds to
450 to 600 g ai.ha-1 of micro-encapsulated parathion methyl (note lower rate than
for the EC above).  Use is for control of codling moth, light brown apple moth,
vine moth, scale, aphids, mealy bugs and loopers.

The proposed label for the micro-encapsulated formulation Parashoot (registration
was delayed due to the ECRP review), is for use in cotton, citrus, pome and stone
fruit, grapevines, vegetables, cruciferous forage crops, tobacco and clover seed
crops, ie all crops for which the EC formulation is registered.  The maximum use
rate is 1.4 kg ai.ha-1 for cotton, and for pome and stone fruit it is 110 mL.100 L-1

of spray, which corresponds to between 750 to 1000 g ai.ha-1.  The rate for
vegetables is normally 350 g ai.ha-1 but could be 550 g ai.ha-1 for Helicoverpa in
beans and peas (Queensland only), as for EC above.

There is no information on method of application for the  micro-encapsulated
formulations on either label.  It is assumed that the normal methods of application
would apply, as discussed for the EC formulations above.  Thus Penncap is
expected to be restricted to application by orchard sprayers, while Parashoot could
be applied by any appropriate method, ie aerially for cotton.

Formulation, handling and disposal

Parathion-methyl as an emulsifiable concentrate is currently formulated and sold
at 500 g ai.L-1 containing hydrocarbon solvents (320 g.L-1), surfactants and other
additives.  The micro-encapsulated formulation is prepared from the TGAC in
water containing emulsifiers and a suspending agent.  The EC formulation  is sold
in 20 litre containers 200 litre drums and 1000 litre bulk containers;  and is for
commercial use only. There are five currently registered products in Australia, 4
EC formulations and one a micro-encapsulated formulation, and five registrants.
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Formulating the EC from the imported TGAC is a straightforward process of
mixing the chemical with the hydrocarbon solvent and other additives to make the
emulsifiable concentrate.  The EC formulation is then transferred into the relevant
containers.  During these processes the chances of a significant spill are minimal
and any spills are expected to be treated according to the MSDS, and involve
sweeping up spills by use of absorbent materials such as hydrated limes, saw dust,
clay or fuller’s earth etc (based on European MSDS).  Likewise spills that occur
during transport are also expected to be treated according to the MSDS.

The micro-encapsulated formulations are imported fully formulated and sold in 5
and 25 L polyethylene containers.  There is no information on whether there is
repackaging in Australia.  Penncap is formulated at 240 g ai.L-1 and uses a natural
gum which is crossed linked with polyamides for the micro-capsules, while
Parashoot is formulated at 450 g ai.L-1 and uses a graft copolymer of
polyvinyl/polyester and a polyurea.  (Penncap M is prepared by Elf Atochem of
France and sold by Colin Campbell while Parashoot is prepared by Cheminova.)
These two formulations are not equivalent as different polymers have been used in
the micro-encapsulation process and the capsules are expected to show different
thickness and diffusion rates of the active across the capsule walls.  Full details
are in Appendixes 1 and 2.

Some of the labels from different companies for the EC and the micro-
encapsulated product Penncap-M do not appear to comply with current labelling
practices with respect to rinsing and disposal of used containers.  All currently
registered labels and currently sold products should comply with the current
labelling requirements with respect to rinsing and disposal of containers, ie

If empty container is not suitable for further use, triple rinse or pressure rinse
empty containers before disposal.  Add rinsings to the spray tank.  Do not
dispose of undiluted chemical on site.  Break, crush or puncture and bury
empty containers in a local authority landfill.  If not available, bury the
containers below 500 mm in a disposal pit specifically marked and set up for
this purpose, clear of waterways, vegetation and roots.  Empty containers and
product should not be burnt.

For refillable containers the following should be added:

For closed/mixing systems, empty contents fully into application equipment.
Close all valves and return to point of supply for refill or storage.

4.2  Environmental Fate

4.2.1  Chemical Degradation

All of the following reports for chemical fate and degradation were submitted by
Cheminova in response to the ECRP data call-in.  The studies presented here were
performed according to Good Laboratory Practices and according to
internationally acceptable guidelines.
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4.2.2  Hydrolysis

Hydrolysis studies were conducted on 14C-parathion methyl (labelled in the
phenyl ring) as per EPA Guidelines § 161-1 over 30 days under dark conditions
and in compliance with GLP standards (Wilmes 1987).

Half-lives @ 25 °C were determined as 68 days (pH 5), 40 days (pH 7), 33 days
(pH 9) calculated from HPLC using UV detection.  The half-lives from detection
of radioactivity were 79 days (pH 5), 45 days (pH 7), 35 days (pH 9).  Differences
in the calculated half-lives between UV determined and radioactivity determined
experiments are within reasonable experimental errors for the techniques used.

Hydrolysis products were identified by HPLC, with confirmation by comparison
of UV spectra of known standards in solutions and mixed solutions.

The predominant species from hydrolysis under acidic conditions was
monodesmethylparathion methyl, with minor amounts of 4-nitrophenol.
Hydrolysis under neutral conditions yields approximately equal amounts of both
products while under alkaline conditions hydrolysis yielded predominantly 4-
nitrophenol with the demethylated product, approximately in the ratio 2:1.
Material balance was good.

4.2.3  Photodegradation

Aqueous Photolysis Rate

The half-life and rate constant of aqueous photolysis for a sample of 14C-
parathion methyl (labelled in the phenyl ring) was determined in compliance with
the US-EPA Guideline 161-2  (Wilmes, 1987 A).

The study was conducted at pH 5 in sodium acetate buffer at 25 °C and at nominal
concentration of 5 µg.mL-1 of parathion methyl (>98% pure by RTLC) for a
period of 68 and 212 hours of continuous exposure under sterile conditions for
experiment one and two respectively.  A guard tube was used in experiment two
to trap any volatile products, including carbon dioxide, while a stopper was used
in experiment one.  Under the test conditions a continual exposure of 24 hours to
the xenon arc lamp is stated to be approximately equal to 4.3 days of exposure to
natural sunlight at 40° latitude under environmental conditions, ie day/night cycle,
without clouds.

The half-life was determined to be 46.6 and 49 hours in experiment one and two
respectively, based on HPLC analysis of the parent compound.  The
‘environmental half-life’ was calculated to be approximately 8.7 days (40°
latitude, summer, top layer of water, no clouds).  The controls, ie dark system, did
not show any degradation, with 92% recovery of parathion methyl after 212 hours.
There was some degradation due to abiotic hydrolysis.

Analysis of the carbon dioxide trap in experiment two shows that 24.7% of the
applied radioactivity was recovered as carbon dioxide after 212 hours.
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Analysis of photodegradation products was achieved using HPLC. The major
degradation product identified was 4-nitrophenol, which reached a concentration
of approximately 10% after the first day of irradiation and remained at this
concentration until two half lives was reached (about 4 days), then the
concentration of the 4-nitrophenol started to decline.  An explanation for this
steady state concentration given was that degradation of the 4-nitrophenol was
faster than that of the initial decomposition of the parent compound.  A number of
unidentified compounds were formed during the course of the reaction, reaching
34% of the initial applied radioactivity after 212 hours (experiment two).

The total mass balance was good for all experiments and ranged between 87-
101% at all sampling points.

Photodegradation of Parathion Methyl in Water

The half-life for the photodegradation of parathion methyl in water was
determined using the method of ECETOC (Hellpointer 1992).  This is based upon
the experimental determination of the quantum yield and subsequent calculation
of the half-life in water under natural sunlight.

From the UV absorption and photodegradation experiments in polychromatic light
(experiment performed in a merry-go-round irradiation apparatus), the quantum
yield was determined to be 0.0001 (a relatively low value).  This was then used to
determine the environmental half-life of parathion methyl at various degrees of
longitude.  The results are given in Table 1.

Degrees of Latitude
Season 30th 40th 50th
Spring 17 days 19 days 23 days
Summer 14 days 15 days 16 days
Autumn 24 days 34 days 55 days
Winter 36 days 61 days 139 days

Table 1.  Environmental photodegradation of parathion, half-lives in days.  Conditions used are for
pure water close to surface (0-1 cm), clear skies and half-lives integrated over entire day.

The authors concluded that direct photodegradation in water only contributes to a
slight extent to the overall elimination of parathion in the environment.  The
assessment does not consider indirect photodegradation mechanisms.

The results of this study are significantly different from that in the previous
aquatic photodegradation study, with the half life being 15 days (40° latitude in
summer) as compared to 8.7 days.  As the results from using the US EPA
Guideline studies are from ‘direct laboratory measurement’ rather than theoretical
estimation, the results are considered to be the more reliable.
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Photolysis Rate on Soil

The half-life and rate constant of photolysis from soil for a sample of 14C-
parathion methyl (labelled in the phenyl ring) was determined in compliance with
the US-EPA Guidelines (Part 160 subpart N-161-3) (Wilmes, 1987 B).

The study was conducted in test chambers that were closed by a sorption tube that
trapped volatiles in oily glass wool (volatile organics) and soda lime (carbon
dioxide).  Air-dried sandy loam soil (1.3% organic carbon, 60% sand, 28% silt
and 12% loam, pH 6.9, 0.5-1 mm layer) was dosed with approximately 150 µg.g-1

(nominal) of 14C-parathion methyl (>98% pure) and exposed to a xenon arc lamp
for 12 days continuous exposure.  (The surface area of the test soil was 21 cm2 and
the dose used corresponds to approximately 1.5 kg ai.ha-1, the maximum use rate
in Australia)  Spectral irradiance of the xenon lamp, when compared to normal
sunlight, was biased toward higher wavelengths. Under the test conditions a
continual exposure of 24 hours to the xenon arc lamp is said to be approximately
equal to 4.3 days of exposure to natural sunlight at 40° latitude under
environmental conditions, ie day/night cycle, without clouds.

Three experiments were performed in duplicate.  In the first set, called experiment
one, the soil became re-moistened (to approximately 20% of maximum field
capacity) during the light exposure, in experiment two the soil remained dry by
use of a drying tube and experiment three was performed outdoors for 30 days.

Samples of soil were taken after  approximately 0, 1, 3, 4, 7.5, 10 and 12 days for
experiment one; after 2, 4, 6, 8, and 11 days for experiment two and after 3, 7, 15,
22 and 30 days for the outdoor experiment.  The soil samples were extracted with
methanol, then with water/methanol/phosphoric acid (1:1:0.05).  The extracts
were analysed by HPLC individually but combined before analysis by LSC.  The
metabolites detected in the HPLC were identified by recording the UV spectra and
spiking with authentic material.

Radioanalysis demonstrated a decrease in extractable residues and an increase in
activity bound to soil.  When exposed to the xenon lamp the level of 14C-
parathion methyl in the extracts had decreased to 43% and 63% of the initial dose
after 12 and 11 days for experiments one and two respectively.  In the outdoor
experiment the concentration of the parent had decreased to 77% of the initial
dose after 30 days.  The control samples (kept under identical conditions but in the
dark) for experiments one, two and three (outdoors) had decreased to only 95%,
92% and 94% of initial concentrations respectively.
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Analysis of the kinetics for the xenon lamp photolysis showed a two step process
(stated to be  due to the mobility of the compound in the soil, ie time to migrate to
the irradiated zones from the non-irradiated zones), with the first half lives of 3.9
days (0 to 96 hours, r2 = 0.9998) and 4.5 days (0 to 93 hours, r2 = 0.9976) and the
second half-lives of 8.6 days (92 to 281 hours, r2 = 0.9524 and 24 days (93 hours
to 261 hours, r2 = 0.9484) for experiment one and two respectively. The half lives
were based on 14C-parathion methyl in extracts as determined by HPLC.  The
quicker reaction rate on the wetted soil in the second degradation step was
considered due to the increased mobility in the moist soil.  Environment Australia
considers this to be an acceptable explanation.

The ‘environmental’ first half lives were 16.8 and 19.3 days for the moist soil and
dry soil respectively.

The first half life for the outdoor experiment, determined by linear regression, was
39 days.  The second half life could not be determined as there was insufficient
time.  The difference between the laboratory results and the outdoor result was
considered by the authors to be due to the poor weather conditions at the outdoor
site (Monheim, 51 ° North), where there were only 4 sunny days, three days
described as partly cloudy and 23 days described as cloudy, often with rain or
showers.  Environment Australia  considers this explanation satisfactory.

The soil bound radioactivity was 40.5%, 30.1% and 21.1% of the applied
radioactivity for experiments one, two and three respectively when the
experiments concluded.

At the end of the irradiation periods 16.1% and 6.8% of the applied radioactivity
was detected in the soda lime traps as 14C carbon dioxide for experiments one and
two respectively.  Less than 0.1% of the applied radioactivity was detected in the
oiled glass wool.  During the study there was only one photodegradation product
detected, that being 4-nitrophenol.  This product reached a maximum of 6.0% and
7.3% in experiment one and two respectively at the end of the irradiation period.

Photochemical Degradability of Methyl-parathion in Gaseous Phase

Reactions of parathion methyl in the gas phase under the influence of simulated
sun light was studied with consideration of the relevant US EPA Guideline
(Parlar, 1988).  The study was not performed according to GLP.

Parathion methyl was vaporised at atmospheric pressure  and irradiated in the gas
phase with UV light (from a xenon lamp with a water cooled pyrex filter) with
wavelengths >290 nm.  The  reaction chamber was sampled directly into a mass
analyser system (quadrupole mass spectrometer) with a selective ion detector.
The mass analyser system was calibrated using parathion methyl and was linear
over the calibration range of 1 to 150 ppm.  This calibration curve was used to
determine the concentration of parathion methyl in the gas phase during the
irradiation experiments.
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The half life of parathion methyl in these experiments was determined to be
between 30 to 34 minutes, depending on whether air, nitrogen or oxygen was used
as the ‘atmosphere’.  As the difference between these half-lives is small, there is
limited effect of oxygen being present and therefore the reaction was direct
photolysis.  The half life in natural sunlight was calculated to be approximately
one day, based on the intensity of irradiation used compared to natural sunlight.

The degradation products were determined using GC-MS and the major
degradates were determined to be 4-nitrophenol and dimethylthiophosphoric acid,
31.2% and 12.3% after 2 hours irradiation respectively.

Conclusion—Chemical Degradation

Hydrolysis

From a single experiment at pH 5, 7 and 9, it may be concluded hydrolysis is
relatively slow and parathion methyl is classified as slightly hydrolysing
(Netherlands classification, see Mensink, Montforts, Wijkhuizen-Maślankiewicz,
Tibosch and Linders, 1995).  Hydrolysis is unlikely to be a significant contributor
to the overall degradation of parathion methyl in the environment.

Aquatic

Based on a laboratory study performed at pH 5, conducted according to US EPA
guidelines, and theoretical studies based on the UV spectrum of parathion methyl
(ECETOC methodology), the photodegradation rate in water is rated as moderate.
From the laboratory study, the half life under environmental conditions was
calculated as 8.7 days as opposed to 15 days in the theoretical studies.
Photodegradation could be a route of degradation in the environment in clear
water.  However, due to the turbid conditions in the majority of Australia’s
aquatic environment (river/streams), direct photodegradation is unlikely to be a
significant route of degradation, due to rapid metabolism.

Soil

In a soil photolysis study performed according to US EPA Guidelines, the half life
of photodegradation of parathion methyl in moist or dry soil was calculated to be
16.8 and 19.3 days respectively under environmental conditions (no clouds) from
laboratory experiments.  This contrasts with the 39 days obtained when tested
under ‘outdoor’ conditions in Germany.  The photodegradation in soil would be a
minor route of environmental degradation, even in Australia with high light levels
during summer.



NRA Review of Parathion-methyl – Environmental Assessment

Not to be used for commercial or registration purposes without prior consent of the owner of the cited information

136

Vapour

Reactions of parathion methyl in the gas phase under the influence of simulated
sun light was studied with consideration to the relevant US EPA Guideline.
Parathion methyl is readily degraded in the vapour phase, with an estimated half
life of one day in natural sunlight.  The major degradation products were 4-
nitrophenol and dimethylthiophosphoric acid.  Significant degradation of
parathion methyl in the environment is possible due to photolysis in the vapour
phase.

4.2.4  Degradation

Metabolism

Three individual metabolism studies have been provided, all of which use the
same sandy soil from Nebraska USA (pH 6.8, organic matter 1.6%, sand 56%, silt
26% and clay 18%).

Aerobic Soil Metabolism

The study was performed according US EPA Guidelines (Patterson and Bielefeld
1990, 1993) using 14C-parathion methyl (uniformly labelled in the phenyl ring)
and the sandy loam soil from Nebraska with a viable microbial population
throughout the study as determined by monitoring soil microbial populations at 0
and 42 DAT and at 3 and 6 months.  The soil was treated with parathion methyl at
a nominal dose of 10 µg parathion methyl per gram of soil, (the initial measured
dose of 10.39 µg.g -1 in soil, corresponds to application rate of 1.5 kg ai.ha-1 in the
first 1 cm of soil using density of soil as 1.5 g.cm-3) then incubated for six months,
with the soil moisture maintained at between 67-78% of field capacity by adding
distilled water as required.  Volatiles were trapped and the total radioactivity
quantified throughout the study period.

Duplicate samples were taken throughout the study at 0, 1, 3, 7 and 14 days then
1, 2, 3, 4 and 6 months after treatment.  After the first 7 days, the system was
purged with air approximately weekly and volatiles trapped.  At each sampling
point the soil was extracted and the distribution of all radioactivity amongst
volatiles, CO2, soil extract and the extracted soil was determined.  The soil
extracts were further analysed by HPLC/RAD to determine the extent and the
decline of parathion methyl and its soil metabolites.  The results are summarised
in Table 2.

The overall accountability for the applied radioactivity was good, with a mean of
95.7% and a range of 101.01 to 91.26%.

The degradation of parathion methyl was biphasic, with a half-life for between
days 0 to 28 of 4.7 days (correlation r = 0.9937) and between 28 to 181 days a
half-life of 49 days (correlation r = 0.9457).  After 28 days less than 2% of the
applied dose was parent compound.
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The degradation of parathion in aerobic soil produces mainly CO2 and non-
extractable residues.  During the study, minor amounts of other metabolites were
formed, with the most abundant being 4-nitrophenol (7.7% of applied dose 1
DAT).  Further analysis of the material at the solvent front indicated that at day 1
this material was 4-nitrophenol but the day 7 material could not be identified.

Time After Treatment
0 3 d 7 d 14 d 1 M 2 M 4 M 6 M

Total
volatiles

0.0 11.1 30.4 43.9 52.0 59.0 62.3 64.1

Non-
Extractable

0.3 15.1 27.3 36.7 38.2 30.6 30.2 26.6

parathion
methyl

96.7 54.2 27.0 7.9 1.6 0.7 0.3 0.2

4-nitro-
phenol

0.0 5.6 0.13 0.0 0.27 0.0 0.0 0.0

O,O-bis * 2.2 1.7 1.4 1.1 0.4 0.3 0.2 0.2
Solvent
front

0.11 5.8 5.0 3.8 2.2 2.0 1.5 1.4

Table 2.  14C residues of parathion methyl during aerobic soil metabolism study.  Results as
percentage of initial applied dose, rounded to one decimal point.  O,O-bis * = O,O-bis (4-
nitrophenol)-O-methyl phosphorothioate

The non-extracted material in the soil was examined further for two samples, the
14 days and the four month samples.  After the initial extractions the soil was
further extracted by heating in acidified acetonitrile (acetonitrile: 0.1 N HCl 8:1)
for 12 hours, followed by separation of the soil fractions into humic acid, fulvic
acid and humin fractions.  HPLC analysis showed small amounts of parent
compound, 2.2% and 0.6% of initial dose, and in the acetonitrile fraction it was
concluded that the soil bound 14C residues are in part due to bound parent.  The
organic soil fractions were also examined further and it was shown that the
distribution of 14C residues in the humic acid fraction, fulvic acid and the humin
fractions did not change significantly during the study period.  The majority of the
14C residues were in the humin fractions.

Aerobic Aquatic Metabolism

The aquatic metabolism study was performed according US EPA Guidelines using
14C-parathion methyl labelled in the phenyl ring (Patterson 1991).  The soil used
was the same as that for the aerobic soil metabolism study.  The soil had a viable
microbial population both before and after the study.
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The microbically active soil (10 g) was flooded with water (20 mL) containing
14C-parathion methyl.  The initial concentration of parathion methyl in the test
system (soil and water) immediately after dosing was 12.42 ug.g-1.  Samples were
collected at 0, 1, 2 , 5, 7, 9, 14 and 30 DAT.  Each sample was separated into the
soil and water component and then the water analysed for parathion methyl and
possible metabolites by both silica and C18 TLC.  The soil was extracted and the
extract analysed for parathion methyl and metabolites by TLC.  The soil was then
combusted and tested for non-extractable residues.  The results presented in Table
3 are summaries and are for the total sum of parathion methyl, p-nitrophenol and
other metabolites from both the water fraction and the soil, expressed as
percentage of initial dose.

Days After Treatment
0 1 2 5 7 9 14 30

parathion
methyl
aqueous

31.9 13.3 6.5 0.0 0.0 0.0 0.0 0.0

 extractable
(soil)

55.9 42.6 21.3 3.6 1.2 0.9 0.8 0.4

total 87.8 55.9 27.9 3.6 1.2 0.9 0.8 0.4
p-nitrophenol
aqueous 1.2 11.0 15.8 15.1 6.2 5.2 3.6 0.8
extractable
(soil)

2.5 8.9 12.9 14.2 8.3 5.8 6.4 5.9

total 3.7 19.9 28.7 29.2 14.5 11.0 10.0 6.6
non
extractable

0.4 5.5 14.9 28.2 41.1 51.9 55.6 61.2

origin * 1.5 4.9 12.4 18.7 18.5 20.2 19.7 15.2
remainder ** 6.6 12.6 10.6 8.7 6.3 7.9 6.9 4.6

Table 3.  Residues from the aerobic soil metabolism study as sum of water layer and sediment
unless otherwise indicated.  Results are from silica TLC and are expressed as percentage of initial
dose.
* Radioactive material at origin.  ** Remainder is the radioactivity in the stationary phase after all
other zones in question have been removed.

The overall 14C-mass accountability was good, with ≥ 95.6% of applied
radioactivity recovered at all sampling points.  The majority of this radioactivity
was in the non-extractable residues by 30 DAT (61.2% of that applied).  The
volatiles comprised <2.6% of the total applied radioactive at any sampling point.

The overall half life was calculated as 4.3 days, based on the total parathion
methyl extracted from both the sediment and in the water over the 30 days of the
study. The plotted data shows a diphasic curve, with the half life for the first 7
days of 1.1 days.  The rate of degradation then slows to give a half life of 16.5
days for days 7 to 30. The correlation coefficients for the data are 0.784, 0.999 and
0.977 for the curves for the half life calculations of 0 to 30 days, 0 to 7 days and 7
to 30 days respectively.
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The concentrations of parent in the water phase was <0.05 mg.L-1  by 7 DAT as
determined by silica TLC but there was material at the origin in the silica TLC
which, by C18 TLC, contained a mixture of parent and other metabolites.  The
concentration of parathion methyl in the water phase, determined by C18 TLC, was
0.6%, 0.9%, 0.8% and 0.5% of initial dose at 7, 9, 14 and 30 DAT respectively.
The authors made no comment on the significance of this other than to state that
as there were no additional metabolites detected in the C18 analysis and the
material at the origin in the silica TLCs was not due to other unidentified
metabolites.  This small amount of additional parent compound is not expected to
significantly affect the overall result of the study.

Anaerobic Aquatic Metabolism

The study was performed according US EPA Guidelines using 14C-parathion
methyl labelled in the phenyl ring (Patterson 1990, 1993).  The study was
performed in the dark using the same sandy soil as for the other studies.  The soil
had a viable microbial population both before and after the study.

The soil/water system (10 g soil; 20 mL water) was incubated anaerobically for 23
days, then glucose (0.5 g.mL-1) was added before a further 47 days of anaerobic
incubation, then the system was dosed with the test material (measured dose 11.4
µg.g-1 of sediment).  This is 0 DAT.  Sampling occurred on 0, 1, 2, 4, 6, 12, and
24 hours, 3, 7, and 14 days and 1, 2, 3, 6, 9 and 12 months after treatment.  Each
sample taken was treated as for the aerobic study above.  The results presented in
Table 4 are summaries and are for the total sum of parathion methyl, p-
nitrophenol and other metabolites from both the water fraction and the soil,
expressed as percentage of initial dose.  There were no separate data on the
concentration of parathion methyl in the water and sediment.  The samples are
selected to be representative of the data set.

Time After Treatment *
0 h# 4h 12 h 24 h 7 d 14 d 1 M 3 M 12 M

Parathion
methyl

77.0 23.3 25.3 11.0 0.9 0.0 0.2 0.0 0.0

Non
Extractable
residues

1.5 5.6 9.0 14.5 32.8 51.7 59.1 59.5 75.2

p-nitro
phenol

5.0 16.5 17.9 18.8 13.7 1.7 0.7 0.9 0.6

Unknown
metabolite 2

0.0 3.8 2.3 3.6 4.3 3.1 2.8 1.6 0.6

Unknown
metabolite 3

0.0 2.7 2.0 2.9 3.3 2.1 4.6 1.5 0.4

Unknown
metabolite 4

0.0 1.4 0.0 0.0 2.5 0.0 0.0 1.3 1.2

Origin ** 6.5 28.1 18.3 20.5 14.1 18.7 10.4 5.5 7.1
Table 4  Residues from the anaerobic soil metabolism study.  Results are from TLC and are
expressed as percentage of initial dose.  * h = hours, d = days and M = months.  # Average of two
replicates.
** Radioactive material at origin.
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The overall 14C-mass accountability was moderate, with an average 96.3% of
applied radioactivity being recovered and >90.8% of applied radioactivity
recovered at all sampling points, based on LSC of the total soluble and non
extractable residues.  Non-extractable residues steadily increased and by 6 months
after treatment reached a peak of 79.2% then declined to 75.2% by the end of the
study.  The volatiles comprised <2.84% of the total applied radioactive, mainly as
CO2 (2.74%) by the end of the study period.

The half life was calculated as 1.1 days, based on the total parathion extracted
from both the sediment and the water layer through the first 7 days of the study.
The correlation coefficient for the data is 0.883.  The calculated half life as
presented by the applicant appears to be longer than it should be, based on the
data, ie 75% degradation by 12 hours, but never the less the half life is short.
There was effectively no parent compound left in the soil/water system after 7
days and none in the total after 14 days.

A trace amount of paraoxon methyl was detected after 12 and 24 hours, equal to
1.7% and 2.1% of applied radioactivity respectively.  Other minor metabolites, S-
methyl parathion and S-phenylmethyl parathion, were 2.7% and 1.1 %
respectively after 24 hours.  These metabolites were confirmed by HPLC, which
showed a slight increase in the concentrations of paraoxon methyl, S-methyl
parathion and S-phenylmethyl parathion but a slight decrease in the concentration
of 4-nitrophenol.  These metabolites were not detected after 24 hours.

Fractionation of the sediment samples from 14 days and 9 months showed that the
bound 14C residues were associated with the humin, fulvic and humic soil
fractions.

The lack of evidence that anaerobic conditions were maintained through the study
is of concern and the submitter should comment on this matter.

Micro-encapsulated

There was no information presented on the soil or aquatic metabolism or
degradation of either microencapsulated formulations.  Once the active ingredient
is released, it will under go metabolism and degradation in the environment as for
the EC formulation.

Cheminova, in their submission for Parashoot, has presented general information
on microencapsulated formulation, which clearly states  “When the water (from
spray solution) has evaporated, the a.i. begins to diffuse through the wall at a
constant rate.  The microcapsules release the active ingredient slowly and evenly,
resulting in prolonged persistence.”  Thus the microencapsulated formulations are
expected to persist longer than the EC formulations in the environment, releasing
the active ingredient more slowly, which will then be metabolised as for the EC.
There is no information on the rate of degradation for either product or on the rate
of release of the active from the micro-capsules.

Conclusion-Soil and Aquatic Metabolism



National Registration Authority for Agricultural and Veterinary Chemicals

Not to be used for commercial or registration purposes without prior consent of the owner of the cited information
141

All studies were performed to US EPA guidelines and used the same sandy soil
from Nebraska.

Aerobic Soil Metabolism

The degradation of parathion methyl under aerobic conditions in soil is fast, with a
half life of 4.7 days.  The major product is carbon dioxide.  The degradation
pathway appears to be direct metabolism to carbon dioxide or incorporation into
the organic fraction of the soil followed by mineralisation.

Aerobic Aquatic Metabolism

The degradation of parathion methyl in aerobic aqueous conditions is very fast,
with a half life of just 1.1 days over the first seven days.  After the first week, the
concentration of parathion methyl detected in the aquatic phase is effectively zero.
Residues of parathion methyl left in the sediment degraded more slowly, with a
half life of 16.5 days.

Anaerobic Aquatic Metabolism

The degradation of parathion methyl in anaerobic aqueous conditions is very fast,
similar to the aerobic study with the same half life of just 1.1 days over the first
seven days.  After the first week, the concentration of parathion methyl detected in
the soil/water is effectively zero.

It is concluded that microbial degradation of parathion methyl EC in soil and
aquatic conditions is very fast under both aerobic and anaerobic conditions.

Micro-encapsulated

There was no information presented on the soil or aquatic metabolism or
degradation of either microencapsulated formulations.  Based on statements
related to Parashoot the microencapsulated formulations are expected to persist
longer that the EC formulations in the environment, releasing the active ingredient
more slowly, which will then be metabolised as for the EC.

4.2.5  Mobility

Soil

Soil Adsorption/Desorption

A soil adsorption/desorption study was performed to meet US EPA guidelines,
Section 163-1, Leaching and Adsorption/Desorption (Daly 1989).  Four sterilised
soils were used in the study, silt loam, clay loam, sandy loam and sand.  The soils
characteristics are presented in Table 5.

There were four concentrations of parathion methyl used (2, 10, 15 and 20 ppm;
CaCl2, 0.01 M) for each soil type and the ratio of solution to soil was 1:10 for silt
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and clay loams and 3:10 for the sandy loam and sand soils.  In the desorption
study, the amount of CaCl2 solution removed after the adsorption phase was
replaced and then re-equilibrated.  All adsorption and desorption studies were
shaken and equilibrated for 24 hours.

From the LSC data the concentration of parathion methyl in all solutions were
determined and used to determine the adsorption and desorption coefficients for
all the soils used.  These results are summarised in Table 6.

Soil Type Organic
Matter

pH % Sand % Silt % Clay

Silt loam 2.4 7.8 26 56 18
Clay loam 2.6 7.5 22 50 28
Sandy loam 0.8 6.5 54 36 10
Sand 0.5 7.8 92 4 4

Table 5.  Characteristics of test soils.

Adsorption Desorption
Soil Type Kd Koc Koc* Kd Koc

Silt loam 7.09 591 506 11.1 923
Clay loam 8.71 670 573 12.3 947
Sandy loam 1.82 456 395 2.71 677
Sand 0.574 230 198 0.892 357

Table 6.  The adsorption and desorption coefficients.  * Denotes Kocs calculated by Environment
Australia using 1.72 as the organic matter to organic carbon ratio for soil.

It is noted that the report uses a figure for the organic matter to organic carbon in
soil of 1.9, while Environment Australia uses a figure of 1.72.  The Kocs for
adsorption were therefore recalculated and the results are presented in Table 6.

The results of the adsorption/desorption experiment for parathion methyl show
that it is moderately absorbed to the four soils tested. Parathion methyl can be
rated as having medium mobility in soil for most of the soils tested apart for clay
loam, where it is rated as having low to medium mobility.

Parathion methyl degraded slowly during the studies, from the initial 97.6%
radioactivity to 87.0%, 86.3%, 90.3% and 89.6% after 24 hours equilibration with
the silt loam, clay loam, sandy loam and sand soils respectively.  The mass
balance was good, approximately 100% recovery (101-102%), after combustion
radioanalysis of the soil.  There was only one cycle of desorption done in the
studies, thus there is no real indication of the level of irreversible binding, though
indications are that binding is moderate to strong.
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Mobility Test of Parathion Methyl in EC and Capsule Formulation.  Soil
Column Method

The mobility of two formulations of parathion, an aqueous micro-encapsulated
formulation (Parashoot, 450 g ai.L-1) and an emulsifiable concentrate (500 g ai.L-

1), were tested using soil columns according to the BBA guideline (Pors, 1995).

Columns were filled with soil to a height of 30 cm and then the soil was wetted to
field capacity.  Characteristics of the two soils used, sandy soil and a sandy loam
soil, are given in Table 7.

pH Total C% Clay Silt Sand-fine; Sand-
coarse

Sand 6.3 1.4 4.4% 3.9% 14.7%
74.6%

Sandy
loam

7.0 1.7 9.4% 17.9% 50.5%
19.3%

Table 7.  The sand fraction of the soil was divided into a fine sand (0.06-0.2 mm) and a coarse
fraction (0.2-2.0 mm).

To each soil column was added 200 mg of the pesticide, equivalent to 1 kg ai.ha-1.
Water (equivalent to 200 mm of rainfall) was washed through the columns over a
48 hour period, and the percolates analysed for parathion methyl.

There was no detection of the active in any of the percolates (detection limit 0.002
mg.L-1).  Based on the detection limit it was concluded that <0.5% of the active
leached from either formulation.

There is some question as to the usefulness of the test as there was no analysis to
the mobility of the residues within the column.

Literature reports

In a recent report on the risks of pesticides to groundwater ecosystems, parathion
methyl was reported to have been found in groundwater in Europe (Health
Council of the Netherlands, 1996).  There are few details on the extent of the
contamination or on the concentration at which it was found.

Given the very intensive agriculture in Europe, relatively low temperature and the
relatively shallow ground water with high rainfall, these results from Europe are
not considered as relevant to the situation in Australia.  However, the results are
somewhat unexpected given the laboratory data provided.
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There are claims by the registrant for Penncap-M that the “..microcapsules are
filtered out by the soil structure and remain at the surface (<5 cm deep ).  They
never migrated deeply into the soil under the effect of rain or irrigation...”  They
also claim that “..any residues are only diffused to a small extent and are
dissipated by environmental factors.”  As neither claim is supported by any reports
or literature papers, Environment Australia does not consider these claims as
reliable.  However, the report for Parashoot above clearly indicates that Parashoot
is unlikely to leach and a similar result for Penncap-M would be expected.

Volatilisation

The Volatilisation of Methyl Parathion from Soil. A Laboratory Study
The volatility from soil under laboratory conditions was determined for parathion
methyl in compliance with the US-EPA GLP and as required by guideline 40 CFR
158 Subdivision N. Series 163-2 (Spare 1992).

The test was performed by use of chambers containing the soil (total 50 g of soil,
surface area 78.5 cm2) over which moist air could be passed.  Parathion methyl as
an end-use formulation (an EC formulation) was doped with 14C-parathion methyl
(>98% pure by RTLC) for analysis then added to soil at a concentration of 10 ppm
(1 kg ai.ha-1 corresponds to 1.4 ppm in the first 5 cm of soil).  Air was then passed
through sample traps containing polyurethane plugs to trap the volatilised
parathion methyl and into potassium hydroxide solutions to trap carbon dioxide.
The soil was sampled at the start and the end of the study, day 0 and day 9, while
the gas traps were sampled at 7 and 17 hours and 2, 3, 4, 5, 7, and 9 days.
Analysis of the gas traps involved the extraction of parathion from both the
polyurethane plugs and the soil followed by radioanalysis of the extracts and TLC.
The CO2  trap was analysed for total radioactivity.

The soil used was a sandy loam clay soil from USA (sand 55.8%, clay 21.4% and
silt 22.8%, pH 7.0), maintained at either 50% or 75% field moisture capacity
(FMC) and with a viable microbial population, verified prior to the
commencement of the study.  The volatility study was performed at 25 °C, in the
dark and at an air flow of either between 100 or 300 mL/min.  There were four
testing conditions used, 50% FMC at air flows of 100 and 300 mL/min and 75%
FMC at similar air flows.

After nine days the total recovered radioactivity in the polyurethane traps was less
than 0.5% of the applied radioactivity for all testing conditions, see Table 8.  The
total recovered radioactivity ranged from 98.3% to 115.2% with a mean of
106.7%.
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Volatiles ** Soil % as PM
Sample
*

Foam KOH Extracted Bound in soil (TLC)

100-50 0.46 10.33 86.9 17.5 12.4
300-50 0.42 6.4 86.8 13.5 18.1
100-75 0.03 0.2 94.5 11.6 23.9
300-75 0.51 55.4 6.2 36.2 2.0

Table 8. Radioactivity recovered from soil volatility study after nine days as percentage of applied
radioactivity.  * First number equals air flow in mL/min and second is percent FMC.  ** Results
are summed over the nine days.  PM = parathion methyl.

TLC analysis of volatiles from the polyurethane plugs showed the majority of
material trapped was parathion methyl.  Radioactive in the KOH solutions were
shown by barium carbonate precipitation to be only carbon dioxide.  There was
considerable degradation of the applied parathion methyl in the soil, with less than
24% of the applied parathion methyl being recovered under all testing conditions.

It was concluded that the volatility from soil is low for the recommended rates of
application.

Laboratory Volatility

The report presented was a summary of literature papers or other reports on the
volatility of parathion methyl, rewritten to present the data in order to satisfy the
US EPA requirements for reporting of experiments (Severn and Hong, 1989).

In the rewritten paper the parathion methyl volatility test was performed by use of
a chamber containing soil (3 cm X 10 cm X 10 cm deep, surface area 30 cm2)
over which gas could be passed under laminary flow conditions (Spencer, Shoup,
Cliath, Farmer and Haque, 1979).  Parathion methyl (both as technical grade
active and EC formulation) was added to air dried soil at a concentration of 10
ppm ai which was then added to the testing chamber in a layer 10 cm deep (1 kg
ai.ha-1 corresponds to 1.4 ppm in the first 5 cm of soil).  Humid nitrogen gas was
then passed over the soil before entering the traps containing polyurethane plugs
to trap the volatilised parathion.  The humidity of the nitrogen gas was adjusted to
regulate the amount of water lost from the soil and any water lost from the top of
the soil was replaced at the bottom of the soil column.  Analysis involved the
extraction of parathion methyl from both the polyurethane plugs and the soil
followed by GC of the extracts.

The soils used were a sandy loam (48.2% sand, 24.1% silt and 9.7% clay, 1.24%
om) and a silt loam (5.8% sand, 69.0% silt and 25.2% clay, 5.1% om), which were
sterilised before application of the pesticides.

The maximum volatilisation rates were 0.72 µg.cm -2.d-1 and 0.11 µg.cm -2.d-1 for
the sandy loam and silt loam respectively.  After  2 weeks the rate of loss had
decreased to 0.06 µg.cm -2.d-1 and 0.005 µg.cm -2.d-1 respectively.  At the end of the
testing period (29 days) the total parathion methyl volatilised amounted to 2.6%
and 1.25% of the total applied for the sandy loam and silt loam respectively.
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As there was less than 3% of the applied parathion methyl remaining in the soils,
it was concluded that most of the applied compound had degraded during the
study, in spite of the sterile soil.

Included in the Spencer paper are the results of a study on the loss of parathion
methyl from glass plates.  A thin film deposit of parathion methyl was applied to a
glass surface and the glass was then placed into the chamber as for the soil
experiment above.  The rate of loss from the glass surface was 10.4 µg.cm -2.d-1

after saturation of all vapour adsorbing surfaces between the chemical and the
polyurethane traps.  It was concluded that at this rate of vaporisation most of a
typical 10 µg.cm -2 deposit would volatilise within 1 to 2 days.

In a report on the volatilisation of dimethoate, the volatilisation of parathion
methyl was included as a reference compound (Sander, 1986).  A sandy loam soil
was used (sand 55.6%, silt 33.2% and clay 11.2%; oc 0.8%) either as air dried or
at 75% field moisture capacity.  Parathion methyl was applied to the soil (105 g
air dried or 105 g plus water; surface area 70 cm2) at a rate of 1.12 kg ai.ha-1

before the soil was placed into the volatilisation flask and an air flow of 400
mL/minute passed through the flask for 15 days.  A resin (XAD-2) was used to
trap the volatilised compound.  In the development of the method it was shown
that the resin had a trapping efficiency of 100%, did not degrade the compound
and parathion methyl was quantitatively recovered.

Only a small percentage of the initially applied parathion methyl volatilised from
the moist soil (0.4%) and there was no detectable volatilisation from the air dry
soil (<0.5 µg of parathion methyl over 15 days).  It was concluded that the limited
volatilisation was due to strong adsorption or degradation of the pesticide.

Determination of the Volatilisation of Parathion Methyl in a Field
Experiment.

The volatilisation of parathion methyl from apple seedlings was determined
according to Germany guidelines BBA-guideline IV, 6-1 (Fritz 1992).

Radiolabelled parathion methyl (14 C label in the phenyl ring) was sprayed to
apple seedlings at a concentration of 0.05% and an application rate of 68-80 g
ai.ha-1.  The trial was performed in triplicate with approximately 2 days between
trials (commenced 7, 8 and 13 July for trials 1, 2 and 3 respectively).  Most of the
applied radioactivity reached the target area (plants) with 86, 80 and 90% of the
radioactivity found on the plants for trials 1, 2 and 3 respectively, with the
remaining radioactivity on the soil/side of the containers.

The seedlings and the soil (2-3 cm) were sampled at 0 (initial deposit), 1, 3, 6, and
24 hours after application. The samples were extracted with methanol and
analysed for total radioactivity before analysis by HPLC.  The residues from the
extracted plant material and the soil were then analysed.  Table 9 gives the results
as mean of three trials together with the lower and upper figures for total
radioactivity.
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Sample 1 hr 3 hr 6 hr 24 hr
Total radioactivity
(soil+plant)

75% 61% 47% 39%

Plants-total
radioactivity

94%
71-117%

64%
57-69%

51%
36-67%

26%
22-33%

Plants-parathion
methyl

87.8% 54.2% 37.3% 11.6%

Soil-total radioactivity 110%
104-115%

115%
95-165%

123%
91-147%

173%
133-232%

Soil-parathion methyl 85% 87% 92% 114%
Table 9.  Total radioactivity and of parathion methyl on seedlings and soil following application.
Figures are expressed as percentage of initial radioactivity applied to soil and seedlings and are as
mean of triplicate trials.

The wind velocities for all trials was <1.0 m.sec-1 with maximum air temperatures
of 25, 28 and 21 °C for trials 1, 2 and 3 respectively.  Rain occurred on the
evening of the 13 July, a sunshade was opened prior to the rain event to prevent
the applied pesticide from washing off.

The results indicate that the applied parathion methyl is being lost from the plant
at a rapid rate, due to volatilisation-parathion methyl is non-systemic (Tomkin,
1994), with some of the volatile compound deposited on the soil.  Parathion
methyl is being rapidly degraded once in contact with the soil, with unextracted
and unknown extracted radioactivity increasing to 59% of initially applied
radioactivity after 24 hours.

Dissipation of Parathion Methyl in a Field Study

A study was performed in which parathion methyl was aerially applied to glass
plates using two different formulations; a VLV with water as the carrier and a
ULV using cottonseed oil as the carrier (Miller and Criswell, 1982).  The plates
were then exposed to natural elements to determine the persistence of each
formulation.  This is not a standard regulatory test and there is no testing
guideline.  The study was not performed to modern levels of GLP.

Parathion methyl was sprayed at 735 g ai.ha-1 and 600 g ai.ha-1 for the VLV  and
ULV respectively, determined by analysis of the aircraft spray tank and calibration
of the spray equipment on the aircraft.  The glass plates (2.5 cm x 7.5 cm) were
placed in the spray path of the aircraft, then placed into a field and sampled at 0, 4,
8, 32, 48, 72 and 96 hours later.  Table 10 gives the results as percentage of that
applied to the glass surfaces.

Exposure of parathion methyl to the elements (hours)
0 4 8 24 32 48 72 96

% dissi. VLV 0.0 83.59 98.0 99.74 99.95 99.99 >99.99 100*
% dissi. ULV 0.0 75.62 84.03 97.22 98.67 99.50 99.89 NS

Table 10.  Dissipation of parathion methyl deposited on glass slides as percentage loss.
* Analysis gave result stated as 0.000, assumed to be less than limit of detection.  NS = No
Sample.
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The report does not give a detailed method of analysis, only a very brief
description of the method was presented in the report.  There were no spiked
samples, recoveries or limit of quantification given.  Two laboratories conducted
the analysis.

While the study does not meet modern standards, it does shows that using oil as
the carrier limits the dissipation of parathion methyl from non-adsorbing surfaces
but only marginally.

Literature Reports

A recent report on pesticides in the atmosphere showed there were detectable
concentrations of parathion methyl in air, fogwater and rain collected in Eastern
France during 1991-1993 (Millet, Wortham, Sanusi and Mirabel, 1997).  Fogwater
samples were collected when fog appeared, rainwater was collected weekly and
air samples were collected daily or once a week during the local spray season and
once a month at other times of the year.  Parathion methyl, together with other
agricultural chemicals, was detected throughout the year with surprisingly little
seasonal variation.

In the air (gas phase) the levels of parathion methyl were an average of 4 ng.mL-1

(which corresponds to 13.6 ng.m-3) over one year (from February to December,
1992) and ranged between not detected (nd; detection limit was 0.05 ng.mL-1

which corresponds to 170 pg.m-3 in the atmosphere), one sample only, and 13
ng.mL-1, while in fogwater and rain they were on average of 2.9 and 0.5 ng.mL-1

respectively, with ranges of n.d. to 22 ng.mL-1 for fogwater and n.d. to 3.4 ng.mL-1

in rain.  The highest level in the air, 13 ng.mL-1 corresponded with local spraying
of parathion methyl at the end of July, while the highest figures for fogwater
(collected only in winter) and rain did not correspond with local spraying activity.

It was concluded by the authors that the results show that there was a continuous
background level of pesticides in the atmosphere and that there was an increase in
pesticide concentration in the air just after spraying around the sampling area,
which was short lived.  The most abundant pesticides were those used in the
general area.
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It is concluded by Environment Australia that this paper clearly indicates that
while parathion methyl is expected to be non-volatile from soil and degraded
rapidly, sufficient material persists and volatilises to give detectable levels in the
atmosphere for a considerable time after application, with the corresponding
background contamination following extensive usage and the possibility of long
range mobility.

Parathion methyl has also been detected in fogwater in California, up to 0.19 µg.L -

1 (Rice, 1996).  In the same paper the results for pesticides in fogwater in a non-
agricultural area (Bering/Chukchi sea) showed no detected concentrations of
parathion methyl.

Conclusions—Mobility Studies

—Soil adsorption/desorption
The soil adsorption/desorption of parathion methyl was determined in four sterile
soils.  It was concluded that parathion methyl is only moderately adsorbed to most
soils but stronger adsorption occurs to clay soils. It is rated as having medium
mobility in most soils and in clay soils it is rated as having low to medium
mobility.  Despite there being only one cycle of desorption done in the studies,
there was only limited desorption and indicates that binding is moderate to strong.

—Leaching
In a column leaching study using EC formulations, a CS formulation (Parashoot)
and different soils there was no detectable parathion methyl residues in the
leachate and it was concluded that this together with the ready degradation
indicates that leaching of parathion methyl from either formulation is unlikely.
However, there is a report of parathion methyl having been found in groundwater
in Europe.

—Volatility from Soil

A study on the volatilisation of parathion methyl from a sandy loam clay soil was
conducted according to US EPA guidelines.  There was little if any parathion
methyl trapped in the volatiles and significant degradation was observed.  It was
concluded that the volatility from soil is low for the recommended rates of
application.

In literature reports, experiments using three different soils show that the
volatilisation of parathion methyl is less than <3% of the initially applied material.
However, the volatilisation from non-adsorbing surfaces is significant and within
2 days of applications up to 1.12 kg ai.ha-1 all is expected to have volatilised.

Volatilisation of parathion methyl from soil is not expected to be a significant
route for the dissipation from soil.  However, volatilisation of parathion methyl
from other non-adsorbing surfaces could be significant.

—Field Volatility Studies
It is concluded from a study conducted according to Germany Guidelines that the
volatilisation of parathion methyl from soil is not expected to be a significant
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dissipation pathway but volatilisation from leaf surfaces is.  In Australia with high
summer temperatures the volatilisation of parathion methyl could result in a
significant fumigant effect on non-target insects.

In an older study that does not meet modern standards, it was concluded that using
oil as the carrier in ULV applications does not significantly limit the dissipation of
parathion methyl from non absorbing surfaces.  The route of dissipation is unclear
but is likely to be a combination of volatilisation and degradation.

—Literature
A recent report has detected background levels of parathion methyl together with
other agricultural chemicals in the atmosphere, rain and fogwater in France.
Parathion methyl has also been detected in fogwater in California but not from the
Bering sea.  It is concluded by Environment Australia that these papers clearly
indicate that while parathion methyl is expected to degraded quite rapidly and be
non-volatile from soil, sufficient material persists and volatilises to give detectable
levels in the atmosphere with the corresponding background contamination and
possibilities of long range mobility following extensive usage.

4.2.6  Spray Drift

No spray drift studies were presented by the respondents.  However, one of the
respondents, Cheminova has presented the following studies for parathion, the
ethyl analog of parathion methyl.  As these chemical are similar and the studies
belong to a principal respondent to the ECRP, it is considered that these studies
are applicable to this review.

It should be noted that as the relative toxicities of parathion and parathion methyl
to bees are similar, LD50’s of 0.175 and 0.465 µg/bee respectively (forced contact
as dust formulation, testing conditions the same for both chemicals, Anonymous,
1967), the toxicity of parathion to caged bees have been retained in Tables 11-15.

Aerial Drift and Droplet Studies

The study was designed to fulfil the requirements of the EPA Pesticide
Assessment Guidelines, Subdivision R, Section 202-1 (Kludas, 1990).

Parathion as an emulsifiable concentrate was applied by fixed wing aircraft to a
crop of alfalfa at a nominal rate of 0.84 kg ai.ha-1 per pass with six consecutive
passes made over a common swath line, a total application rate of 5.04 kg ai.ha-1

nominal.  Two different spray concentrations were used, one at 15.3 L.ha-1 of
finished spray (Very Low Volume application, VLV) and the other at 1.53 L.ha-1

(Ultra Low Volume, ULV).

The analysis of the tank mixes used showed that the actual concentrations sprayed
were considerably below the nominal rate, with each pass delivering 0.55 kg ai.ha-

1 and 0.63 kg ai.ha-1 for VLV and ULV respectively.  This corresponds to a total
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of 3.29 and 3.77 kg ai.ha-1 for VLV and ULV respectively, which is
approximately three times the Australian application rate.

Samples were taken parallel to the prevailing wind direction, mainly down wind
with some samples taken upwind.  The sampling consisted of Mylar sheets, air

samples (0.707 m3 per minute) and a biological test organism, caged honeybees.
The Mylar sheets were placed upwind at 12.5, 25 and 50 meters and a cage of
honeybees at 50 meters upwind.  Downwind a single sheet was placed at 10,
14,16, 18, 20 and 22 meters (which will not be reviewed further) and four sheets
per sampling station at 12.5, 25, 50, 100, 200, 400, 800 and 1200 meters.  The air
samplers were placed with the Mylar sheets from 100 to 1200 meters downwind
and two cages of honeybees at 6 stations from 50 to 1200 meters downwind.  The
results of these tests for the downwind sampling stations are presented in Table 11
and 12 for the VLV and ULV respectively.  The Mylar results are averages for the
four sheets.

Distance
downwind

mg
Parathion
per sheet

Parathion,

µg.cm-2 *
Spray drift:
% of total
appl.

Bee
mortality

Air conc.

µg.m-3

12.5 3.00 5.14 15.6% NS NS
25 0.640 1.10 3.3% 100% NS
50 0.409 0.701 2.1% 100% NS
100 0.0576 0.0988 0.30% 100% 258.3
200 0.0148 0.0253 0.077% 100% 164.1
400 0.00640 0.0110 0.033% 100% 86.5
800 0.00442 0.00757 0.023% 51% 41.7
1200 0.00173 0.00297 0.0090% 2.5% 17.5

Table 11.  Aerial spray drift from six applications, 0.55 kg ai.ha-1 each pass, total of 3.29 kg ai.ha-

1.  Solution of parathion was applied at 15.3 L.ha-1 (VLV).  NS = no sample taken.  * Figures
corrected for recovery of 83.7%.

The climatic conditions at the time of the aerial spraying were good, with light
winds of 6.5 km.h-1 and 15 km.h-1 for the VLV and ULV applications
respectively.

The droplet size (Average Volume Median Diameter VMD) was determined to be
201 and 211 microns for the VLV and ULV applications respectively.  The
droplets considered to have the greatest potential to drift (below 122 micron in
size) were at relatively low levels for both concentrations (11.8 and 15% for the
VLV and ULV applications respectively).  It should be noted that the droplet size
used in these studies are recommended for minimising spray drift and in Australia
droplet sizes are typically 100 µm and 200 µm vdm for ULV and VLV
applications respectively  (Neil Forrester, personnel communication), and
therefore these studies are likely to underestimate the potential for spray drift in
Australia for ULV.

There is considerable spray drift from aerial application, even from these
relatively large droplet sizes and under ideal conditions, with mortality to bees
from application of parathion decreasing to acceptable levels only at 1200 metres
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from the sprayed area.  It should be noted that parathion methyl is less toxic than
parathion and therefore the effect on bees of aerial application of parathion methyl
is expected to be less.  As it is common aerial practice to spray several swaths (15-
20 metres wide) side-by-side, normally >8 swaths per paddock, six consecutive
passes over a single swath may be a reasonable approximation of spray drift at
some distance away.  This is discussed further in the hazard assessment.

Distance
downwind

mg
Parathion
per sheet

Parathion,

µg.cm-2 *
Spray drift:
% of total
appl.

Bee
mortality

Air conc.

µg.m-3

12.5 8.88 14.2 37.7% NS NS
25 0.305 0.487 1.29% 100% NS
50 0.555 0.886 2.35% 100% NS
100 0.0961 0.153 0.41% 100% 1069.5
200 0.0348 0.0555 0.15% 100% 500
400 0.00566 0.00904 0.024% 100% 204.2
800 0.00446 0.00713 0.019% 100% 75.0
1200 0.00443 0.00707 0.0188% 1.2% 26.7

Table 12.  Aerial spray drift from six applications, 0.63 kg ai.ha-1 each pass, total of 3.77 kg ai.ha-

1.  Solution was applied at 1.53 L.ha-1 (ULV).  NS = no sample taken.
* Figures corrected for recovery of 89.9%.

A recent paper on aerial spray drift examined the results of 36 applications under
“standard conditions”—side by side applications—which allowed a statistical
approach to the amount of spray drift that occurs (Bird, Esterly and Perry, 1996).
The field was sprayed with four parallel swaths, 13.7 m apart using a fixed-wing
aircraft, with unstable air and wind speed from 2-20 kph.  This is likely to
underestimate the spray drift from typical paddocks due to the limited number of
swaths sprayed.  The results are summarised in Table 13 and show that the results
in Table 11 and 12 are consistent with this study, in particular the further away the
site is.

Also included in the paper by Bird et al. is a summary of 45 previous studies
reported in the scientific literature, with results as average cumulative probability.
Most of this previous literature work (60% of studies) reviewed was done when
there were stable to very stable atmospheric conditions (inversion layers).  This
review showed that while the spray drift  for the 50 percentile (mean) is only
0.22% of application rate at 305 metres from the spray area—similar to their own
results in Table 13—the 95 percentile has 1% of the application rate as spray drift.
The amount of spray drift is dependent on the atmospheric conditions and the data
in Table 13 should be considered to be for “recommended conditions” only.
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Distance down Cumulative percentage probability
wind, metres 25% 50% 75% 95%
91 0.9% 1.2% 1.8% 3.0%
152 0.33% 0.5% 0.6% 1.0%
305 0.1% 0.15% 0.22% 0.35%

Table 13. Aerial spray drift as percentage of application rate from 36 applications
using standard conditions and VLV (28 L.ha-1) application.

Orchard Air-Blast Drift and Droplet Studies

The study was designed to fulfil the requirements of the EPA Pesticide
Assessment Guidelines, Subdivision R, Section 201-1 (Kludas 1990A).

Parathion as an emulsifiable concentrate and a wettable powder was applied to a
walnut orchard at a nominal rate of 1.12 kg ai.ha-1 per pass, with six consecutive
passes made over a common swath line, with a total nominal application rate of
6.72 kg ai.ha-1 for each formulation.  Three different formulations were used: an
emulsifiable concentrate, a wettable powder and a mix of the emulsifiable
concentrate plus dormant emulsifiable oil (14 L.ha-1 of the oil).  [In Australia
summer oil is used at 1 L per 100 L of spray solution, assuming 2000 L is used per
hectare, then 20 L of summer oil per hectare is the Australian rate.]  All
applications were done using an orchard air blast sprayer, with a semi-circular
pattern perpendicular to the direction of travel.

The analysis of the tank mixes used showed that the actual concentrations sprayed
were considerably below the nominal rate, with each pass delivering 0.534 kg
ai.ha-1, 0.587 kg ai.ha-1 and 0.49 kg ai.ha-1 for the EC, WP and EC plus oil
respectively.  After the six applications, this corresponded to approximately three
times the Australian application rate.

Samples were taken parallel to the prevailing wind direction, mainly downwind
with some samples taken upwind.  The sampling consisted of Mylar sheets, air

samplers (0.707 m3 per minute) and a biological test organism, caged honeybees.
The Mylar sheets were placed upwind at 12.5, 25 and 50 meters and caged
honeybees at 50 meters upwind.  Downwind single sheets were placed at every 3
meters to 18 meters (which will not be reviewed further) and four sheets per
sampling station at 25, 50, 100, 200 and 400 meters.  The air samplers were
placed with the Mylar sheets at 100, 200 and 400 meters and two cages of
honeybees at stations 25, 50, 100, 200 and 400 meters downwind.  The results of
these tests for the downwind sampling stations are presented in Tables 14, 15 and
16 for each of the formulations used.  The Mylar results are averages for the four
sheets.
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Distance
downwind

mg
Parathion
per sheet

Parathion,

µg.cm-2 *
Spray drift:
% of total
appl. rate

Bee
mortality

Air conc.

µg.m-3

25 0.883 1.34 3.74% 100% NS
50 0.280 0.424 1.18% 100% NS
100 0.0205 0.0310 0.086% 100% 176.9
200 0.00138 0.00208 0.0058% 100% 103.2
400 0.000338 0.000511 0.0014% 5.5% 53.8

Table 14.  Spray drift from six applications of emulsifiable concentrate, 0.534 kg
ai.ha-1 per pass, total of 3.59 kg ai.ha-1 (actual).  NS = no sample taken.  * Figures
corrected for recovery of 94.8%.

Distance
downwind

mg
Parathion
per sheet

Parathion,

µg.cm-2 *
Spray drift:
% of appl.
rate

Bee
mortality

Air conc.

µg.m-3

25 1.60 2.42 6.14% NS NS
50 0.278 0.420 1.07% 100% NS
100 0.0209 0.0317 0.080% 100% 758.3
200 NS NS 91.5% 247.5
400 0.00131 0.00198 0.0050% 8.6% 78.8

Table 15.  Spray drift from six applications of wettable powder, total of 3.94 kg ai.ha-1 (actual).
NS = no sample taken.  * Figures corrected for recovery of 94.8%.

Distance
downwind

mg Parathion
per sheet

Parathion,

µg.cm-2 *
Spray drift:
% of appl.
rate

Bee
mortality

Air conc.

µg.m-3

25 1.66 2.52 7.66% NS NS
50 0.263 0.397 1.21% 100% NS
100 0.0118 0.0179 0.054% 100% 288.3
200 0.00163 0.00247 0.0075 80.2% 99.2
400 0.000723 0.00109 0.0033% 18.8% 36.1
Table 16.  Spray drift from six applications of emulsifiable concentrate plus oil, total of 3.29 kg

ai.ha-1 (actual).  NS = no sample taken.  * Figures corrected for recovery of 94.8%.

The climatic conditions at the time of the aerial spraying were good, with light
winds of 7.6 km.h-1, 10.4 km.h-1 and 9.8 km.h-1 for the EC, WP and EC plus oil
respectively.

The droplet size (Average Volume Median Diameter VMD) was determined to be
170, 177 and 161 microns for the EC, WP and EC plus oil respectively.  The
droplets considered to have the greatest potential to drift (below 122 micron in
size) were at moderate levels for the formulation types (20.2%, 21.6% and 24.1%
for the EC, WP and EC plus oil respectively).  Unlike the previous situation for
aerial applications, droplet sizes used in Australia are likely to be similar to those
used in these studies.
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It is normal practice is to spray every row, ie approximately five metres between
each row for fruit trees, and thus six consecutive passes used is not representative
of normal practice.  However, it does show the extent of the spray drift and can be
used to represent the “real world” situation.  This is discussed further in the hazard
assessment.

The results show there is considerable spray drift from the ground based sprayer
application, with mortality to bees decreasing to acceptable levels after 400 metres
from the sprayed area.

Conclusion—Spray Drift Studies

The spray drift studies showed that aerial application of an EC formulation of
parathion as a VLV leads to significant spray drift, for which parathion is toxic to
bees up to 1200 metres away.  Based on the concentrations in the air and assuming
that parathion methyl is approximately half as toxic to bees as parathion, then
parathion methyl is expected to be toxic to bees up to 800 metres away from aerial
applications under similar conditions.  As the droplet sizes are approximately the
same size of those used in Australia for application of EC formulations, under
Australian conditions spray drift is expected to be similar.

Recent literature studies on aerial spray drift show that the 95th percentile from a
number of experiments gave spray drift results of 0.35% of the application rate at
approximately 300 metres.  Thus one in twenty aerial applications result in 0.3%
of the application rate as spray drift at 300 metres from the edge of the field being
sprayed.  Under adverse conditions, ie inversion layers, the 95th percentile for
spray drift increases to 1% of the application rate.

The spray drift from ground-based orchard application was significant and
parathion was toxic to bees up to 400 metres away.  Using the same assumptions
as before, parathion methyl is expected to be toxic to bees up to 200 metres way
from ground based orchard applications.  As the droplet sizes in Australia in
ground based orchard applications are expected to be similar as this in this study,
the spray drift and the toxicity to bees is expected to be highly relevant.

Micro Encapsulated
No studies on the spray drift from applications of the ME formulations were
presented.  It is claimed by Colin Campbell that the micro-encapsulated
formulations have a higher specific density than water and therefore there is less
(spray)drift to adjoining plots or neighbouring areas.  This statement was not
supported by any study and until this is provided, Environment Australia does not
accept the claim that relatively minor changes in the specific density of a spray
formulation will significantly reduce the extent of spray drift.

4.2.7  Field Studies

All the following field studies used an EC formulation from the USA which is
formulated at four pounds of active per gallon (0.48 kg ai.L-1 ).

Terrestrial Field Dissipation for Parathion Methyl—California.
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This study was performed according to US EPA Guidelines (Subdivision N: 164-
1) using parathion methyl (Rice, Jacobson and Richards 1990).

Parathion methyl was applied in six weekly applications to cotton (located in
California) at a rate of 1.12 kg.ha-1 per application (maximum Australian
application rate) using a boom spray.  The cotton had been planted 6 weeks before
the first application.  The application rate was tested by analysis of the spray
mixture and by the positioning of Petri dishes within the crop.  The crop was
grown using sprinkler irrigation which was normal agricultural practice in the
study area.  The soil characteristics at the test site is given in Table 17.

Soil Depth cm Organic
Matter %

pH Sand % Silt % Clay % Texture

0-30 0.2 6.2 77 17 6 Sandy loam
30-60 0.1 6.7 79 15 6 Sandy loam
60-90 0.1 7.3 79 15 6 Sandy loam
90-120 0.1 7.3 77 19 4 Sandy loam
Table 17.  Soil characteristics for site in California.

The application rate for each application was determined to be 0.86, 0.87, 0.86,
0.59, 0.63, and 0.36 kg ai.ha-1 from analysis of the Petri dishes placed in the crop.
The low figures for the last three applications was considered to be due to the
increasing cotton canopy of the crop which could have interfered with the spray
pattern and sample collection.

The soil was sampled one day before application commenced and the immediately
after each application and 1, 7, 14, 21, 28, 56, 91, 182, 273, 364, 448 and 564 days
post final treatment to a depth of 120 cm.  The soil was divided into segments of
0-10 cm, 10-20 cm, 20-30 cm, 30-45 cm, 45-60 cm, 60-90 cm and 90-120 cm
before analysis.  Three replicates were taken at each sample point and the results
averaged.  The detection limits were 0.05 ppm for both parathion methyl and
paraoxon methyl.

The results of the soil analysis for the 0-10 cm layer showed that parathion methyl
was present immediately after the first application and in samples taken after each
application, the average residues being 0.37, 0.32, 0.25, 0.16, 0.16 and 0.085
mg.kg-1 for applications 1 through to 6 respectively.  No explanation for the lower
levels in the last three samples was presented but again could be due to the
increasing size of the cotton canopy, which is consistent with the Petri dishes
placed in the crop.  Following the final application the residues in the soil were
0.033 mg.kg-1 on day 1 (average of 3 results, one at 0.1 and two <0.05 mg.kg-1.
Values of <0.05 mg.kg-1 were replaced with a value of zero for the calculation of
the average.), and dissipated to <0.05 mg.kg-1 by day 7 for all 3 replicates.
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A half life calculation could not be performed for the 0-10 cm layer due to the
rapid dissipation but appears to be <1 day.  No residues were detected in any other
soil sample analysed.

A supplementary study on the soil extracts immediately following applications
confirmed by GC/MS that the samples contained parathion methyl (Jacobson and
Fieser 1990).

No residues of parathion methyl were detected one week after application and
there was no leaching detected below the first 10 cm.  No para-oxon methyl was
detected in any soil sampled (detection limit 0.05 ppm) but note the relatively low
levels of residues in the soil compared with the detection limits.  For the final
application the rate that reaches the soil, 0.36 kg.ha-1, as determined by the Petri
dishes places in the crop, the detection limits indicate that metabolites that
represent <10% of the applied material or less are unlikely to be detected.

Combined Aquatic Field Dissipation and Accumulation Study on Irrigated
Crops for Parathion Methyl—California

The field dissipation and accumulation study was performed according to US EPA
Guidelines (Subdivision N. 164-2 and 165-3) using parathion methyl (Rice,
Jacobson and Richards 1990 A).

Parathion methyl was applied to a rice paddy, located in California, weekly for 6
weeks at a rate of 0.84 kg ai.ha-1 per spray (nominal).  Application was made by a
tractor mounted sprayer on each side of the paddy, spraying approximately half
way across.  The rice had been planted in the paddy 47 days before the first
application. [There is no corresponding Australian use pattern, but the rate and
total number of applications is typical for Australian usage.]  The soil
characteristics at the study site are the same for the previous study and are given in
Table 17 above.  The soil was sampled one day before applications commenced
and the immediately after each application and 1, 3, 7, 10, 14, 21, 28, 56, 84, 182,
and 364 days post treatment to a depth of 60 cm.  The soil was divided into
segments of 0-10 cm, 10-20 cm, 20-30 cm, 30-45 cm and 45-60 cm before
analysis.  Water samples were taken for the rice paddy before and after each
application and at 1, 7, 14, 21 and 28 days after the final application.  The water in
the rice paddies was maintained by irrigation at a depth of approximately 15 cm.

The study included an accumulation study on selected crops irrigated using water
from the paddy field 24 hours after each application, which will not be examined
further.

The water samples were extracted, then the extracts analysed by GLC.  For the
soil analysis the extracts were cleaned up by charcoal/silica gel columns before
analysis by GLC.  The recoveries for these analytical methods are acceptable
(averages of 93% for water and 92% for soil) and the detection limit of 0.05 and
0.01 ppm for the soil and water samples respectively.
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Residues of parathion methyl were detected in water samples taken from the
treated rice plot immediately following application, with average figures of 0.28,
0.17, 0.30, 0.28, 0.30 and 0.13 mg.L-1 for applications 1 through to 6 respectively.
(At the nominal application rate, the concentration in the paddy should be 0.560
mg.L-1).  There were no residues detected in any water samples taken immediately
before any application.  The only other residues detected in the water was one day
after the last application at 0.07 mg.L-1, there were no detectable residues in the
water 6 days later.  No residues of parathion methyl or paraoxon methyl were
detected in any soil samples (detection limit 0.05 ppm) but again note the
relatively insensitive detection limit.  No residues of 4-nitrophenol were detected
in any water sample analysed (detection limit 0.01 ppm).

A supplementary study on the water extracts immediately following applications
confirmed by GC/MS that the samples contained parathion methyl (Jacobson and
Fieser 1990 A).

This study clearly shows that parathion methyl does not readily partition to soil
and it indicates a very short half-life in water.

Terrestrial Field Dissipation for Parathion Methyl—Missouri

The study was performed according to US EPA Guidelines (Subdivision N. 164-
1) using parathion methyl (Rice, Jacobson and Richards 1990 B).

Parathion methyl was applied in six weekly applications to cotton located in
Missouri at a rate of 1.12 kg.ha-1 using a boom spray.  The cotton had been
planted on 5 May and the first application was on 28 July.  The first three
applications were made at the mid-bloom stage and the last three were at the late
bloom stage.  The application rate was tested by analysis of the spray mixture and
by the positioning of filter papers within the crop (unclear as to whether the filter
papers were in the canopy or on the ground).  Sprinkler irrigation was used on the
crop to supplement natural rain fall which is normal agricultural practice in the
study area. Table 18 gives the soils characteristics for the site.

The application rate for each application was determined to be 0.75, 0.76, 0.44,
0.55, 0.66 and 0.63 kg ai.ha-1 from analysis of the filter papers placed in the crop.
Analysis of the spray mixture used from the spray tank showed the average
concentration from each of the six applications ranged from 87% to 101% of
nominal.

Soil Depth cm Organic
Matter %

pH Sand % Silt
%

Clay % Texture

0-30 0.7 5.4 30 46 24 loam
30-60 0.3 4.8 16 49 35 silty clay loam
60-90 0.1 5.5 18 49 33 silty clay loam
90-120 0.2 6.5 18 47 35 silty clay loam

Table 18.  Soil characteristics for site in Missouri.
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The soil was sampled, treated and analysed as for the Californian study.  The
recoveries and limit of detection were also as for the previous study.

The results of the soil analysis for the 0-10 cm layer showed that parathion
methyl was present immediately after application, the average residues being
0.039*, 0.030*, 0.059*, 0.087, 0.022* and 0.052* mg.kg-1 for application 1
through 6 respectively.  (Figures marked with an asterisks contain at least a
replicate with value of <0.05 mg.kg-1 which was replaced with a value of zero for
the calculation of the average.  Table 19 gives the figures for each replicate.)
These levels are very low compared to the expected concentration of 0.93 mg.kg-1

for the first 10 cm of soil at an application rate of 1.12 kg ai.ha-1.  It is likely that
these low figures are due to interference from the crop canopy as the crop was
mature at the time of application (11 weeks from planting) and this explanation
would be consistent with the Californian experiment.  By Day 1 after the final
application residues had dissipated to below the limit of detection (0.05 ppm). No
other residues or metabolites were detected in any other soil sample analysed.

Replicate No Treatment Number
1 2 3 4 5 6

A <0.05 <0.05 <0.05 0.062 <0.05 <0.05
B 0.12 0.090 0.18 0.080 0.066 0.090
C <0.05 <0.05 <0.05 0.12 <0.05 0.065
Table 19.  Concentration of parathion methyl for each replicate in the top 10 cm of soil
immediately after each application.  Figures in mg.kg-1 .

A supplementary study on the water extracts immediately following applications
confirmed by GC/MS that the samples contained parathion methyl (Jacobson and
Fieser 1990 B).

Combined Aquatic Field Dissipation and Accumulation Study on Irrigated
Crops for Parathion—Missouri.

The field dissipation and accumulation study was performed according to US EPA
Guidelines (Subdivision N. 164-2 and 165-3) using parathion methyl (Rice,
Jacobson and Richards 1990 C).

Parathion methyl was applied to a rice paddy, located in Missouri, by tractor
mounted boom spray weekly for 6 weeks at a rate of 0.84 kg ai.ha-1 (nominal).
The crop had been planted 101 days earlier and was in the early boot stage of
development. The soil at the test site was the same as previous, see Table 18.  The
soil and water were sampled, treated and analysed as for the previous combined
aquatic field dissipation and accumulation study-California.  The detection limits
for the water and soil samples were the same as the Californian study. The water
in the rice paddies was maintained by irrigation at a depth of approximately 7.5
cm. The crop was irrigated within 24 hours following each application and then
weekly following the final application.
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The study included an accumulation study on selected crops irrigated using water
from the paddy field 24 hours after each application, which again will not be
examined further.

Residues of parathion were detected in water samples taken from the treated rice
plot immediately following application for the first 5 applications, with average
figures of 0.28, 0.17, 0.2, 0.23 and 0.23  mg.L-1 for applications 1, 2 , 3, 4 and 5
respectively.  (At the nominal application rate, the concentration in the paddy
should be 0.560 mg.L-1).  There were no residues detected in the water sample
taken immediately after the sixth application but there were residues were detected
in the Day 1 sample of 0.031 mg.L-1.  No explanation was given for this unusual
result, 6 days later there were no detectable residues.  No residues were detected in
any water samples taken immediately before any application. No residues of
parathion methyl or paraoxon methyl were detected in any soil samples.  Residues
of paraoxon methyl were only detected in water samples taken after the fourth and
fifth application, where a single replicate (out of two) in each sample gave
residues of 0.01 and 0.012 mg.L-1 respectively.  However, it should be noted that
these results are very close to the limit of detection, 0.01 ppm, and should be
considered with some caution.  No residues of 4-nitrophenol were detected in any
water sample analysed.

A supplementary study on the water extracts immediately following applications
confirmed by GC/MS that the samples contained parathion methyl (Jacobson and
Fieser 1990 C).

This study clearly shows that parathion methyl does not readily partition to soil
and indicates a very short half-life in water.

Water Quality Program

Monitoring of the Central and Northwest NSW rivers by the NSW Department of
Land and Water Conservation during 1996-7, including the cotton growing areas,
detected parathion methyl in river water at 0.1 ppb at one site (Personal
communication, Bruce Cooper, NSW Department of Land and Water
Conservation, Parramatta; Anonymous, 1997).  There were no other detections of
parathion methyl.  The full technical report is not yet available.

Literature Reports

Parathion methyl has been found at 0.1 ppb in a large dam (storage capacity of 20
x 106 m3) which receives water from a mixed farming area of Mexico (De La
Vega Salazar, Martínez Tabche and Macías García, 1997).  The sediment, which
was sampled at the same time, had concentration of parathion methyl of 0.7
µg.kg -1.

Conclusion—Field Studies.
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The four field studies presented support the results of the laboratory studies in that
parathion methyl is very quickly degraded in the soil and that there is no leaching.
There were no half-lives determined in the field studies as the degradation was too
fast but can be estimated to be <1 day in the soils tested.  Parathion methyl or its
metabolites were not detected below 10 cm in the soil, confirming the laboratory
studies on mobility which showed that leaching was unlikely.  Degradation in rice
paddy waters was again very fast with a half life of <1 day.

Despite the rapid degradation in soil and in natural water, parathion methyl has
been recently detected at low levels in river water in NSW.  It has also been
detected in dam water and sediment from an agricultural area in Mexico.

4.2.8  Bioaccumulation

The bioaccumulation of parathion was studied in bluegill sunfish (Lepomis
macrochirus) according to US EPA data requirements (Grau, Ecker and Klein,
1988).  The fish were exposed to water containing 14C-parathion methyl at a
concentration of 0.10 µg.L-1 (nominal) under-flow through conditions.  The water
was sampled before the study and during the bioaccumulation phase.  The
concentration of parathion methyl remained relatively constant throughout the
study with an average result of 0.104 µg.L-1 (range 0.083 to 0.130 µg.L-1), as
determined by radiometric analysis.  Analysis of the testing water for parathion
methyl failed due to the peak height being close to background levels and
therefore there was no determination of the stability of the test solution.  The
stability of the stock solution was not determined.

The accumulation phase lasted for 28 days and depuration for 14 days.  The fish
were sampled at 0, 2, 4, 8 hours and 1, 2, 3, 7, 14, 21 and 28 days during the
uptake phase and 6 hours and on days 1, 3, 7, 10 and 14 for the depuration phase.
Whole fish, edible and non-edible tissues were analysed by radiometric analysis.
The steady state concentration in these tissues was 3.8 and 12.0 mg.kg-1 (total
radioactivity as 14C-parathion methyl) for the edible and non-edible tissues
respectively, which was reached by the third day.  The depuration was fast, with
97% and 99% reduction in the concentration of parathion methyl in the edible and
non-edible tissues respectively by the second day of the depuration phase.  The
nature of the 14C residues in the tissues was determined to be mainly
desmethylparathion methyl (46%), with 23% as the parent compound and 18% as
4-nitrophenol with minor amounts of desmethylparaoxon methyl and 4-
nitrophenol glucuronide.

The steady state bioaccumulation factors were determined to be 39X, 71X  and
108X for the edible, whole fish  and non-edible tissues respectively.  Depuration
half-lives were determined to be 0.37, 0.28  and 0.68 days for the edible, whole
fish and non-edible samples respectively.

Literature Report
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The bioaccumulation of parathion methyl in a dam in Mexico has been studied
during both the dry and wet season (De La Vega Salazar, Martínez Tabche and
Macías García, 1997).  During the dry season, when inflow into the dam is low,
the bioaccumulation factors were as expected, with the highest being 293 for the
eggs of a crayfish (Cambarellus montezumae).  However, during the rainy season,
the bioaccumulation factors were considerable higher, with 5000 for the eggs of
C. montezumae, 4000 for Physidae ssp (gastropod) and 13,460 for
Girardinichthys multiradiatus, a fish species.  It should be noted that the
concentrations of parathion methyl detected in the dam water was 0.1 and 0.05
ppb for the dry and wet seasons respectively.

The authors of this paper suggest that the higher bioaccumulation of parathion
methyl could be due to environmental stress during the wet season caused by the
high salinity and turbidity and low dissolved oxygen levels.  It is suggested that
during the wet the aquatic organisms must increase the flow rate of oxygenated
water over their gills/respiratory systems, in response to the low dissolved oxygen
decreased and the high salinity and turbidity and therefore take in more chemical.

Conclusion

The steady state bioaccumulation factors are low, with the highest being 108 times
for non-edible tissues.  Elimination of parathion methyl from these tissues was
rapid, with a half life of 7 hours, indicative of rapid depuration.  Bioaccumulation
in the aquatic environment is not expected in normal conditions.  However, under
high environmental stress, the literature suggests bioaccumulation could occur but
once the system returns to normal, rapid depletion should occur and prevent any
sustained bioaccumulation.

4.2.9  Summary of Environmental Fate

In Australia parathion methyl (EC) is used in cotton, vegetable and orchard crops.
It can be used in IPM programs in orchards.  Application is normally by air for
cotton as a mixture with other insecticides and could be aerially applied to vines
and some vegetable crops.  Ground based equipment is used for other crops.

The currently registered micro-encapsulated formulation, Penncap-M, is for pome
fruit, citrus and grapevines, while the other encapsulated product Parashoot, which
is waiting for registration, is proposed for cotton, vegetable and orchard crops.

Hydrolysis

From a single experiment at pH 5, 7 and 9, it may be concluded hydrolysis is
relatively slow and parathion methyl is classified as slightly hydrolysing
(Netherlands classification).  Hydrolysis is unlikely to be a significant contributor
to the overall degradation of parathion methyl in the environment.
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Photolysis

—Aquatic
Based on a laboratory study performed at pH 5, conducted according to US EPA
guidelines, and theoretical studies based on the UV spectrum of parathion methyl
(ECETOC methodology), the photodegradation rate in water is rated as moderate.
From the laboratory study, the half life under environmental conditions was
calculated as 8.7 days as opposed to 15 days in the theoretical studies.
Photodegradation could be a route of degradation in the environment in clear
water.  However, due to the turbid conditions in the majority of Australia’s
aquatic environment (river/streams), direct photodegradation is unlikely to be a
significant route of degradation, due to rapid metabolism.

—Soil
In a soil photolysis study performed according to US EPA Guidelines, the half life
of photodegradation of parathion methyl in moist or dry soil was calculated to be
16.8 and 19.3 days respectively under environmental conditions (no clouds) from
laboratory experiments.  This contrasts with the 39 days obtained when tested
under ‘outdoor’ conditions in Germany.  The photodegradation in soil would be a
minor route of environmental degradation, even in Australia with high light levels
during summer.

—Vapour
Reactions of parathion methyl in the gas phase under the influence of simulated
sun light was studied with consideration to the relevant US EPA Guideline.
Parathion methyl is readily degraded in the vapour phase, with an estimated half
life of one day in natural sunlight.  The major degradation products were 4-
nitrophenol and dimethylthiophosphoric acid.  Significant degradation of
parathion methyl in the environment is possible due to photolysis in the vapour
phase.

Metabolism

All metabolism studies were performed to US EPA guidelines and used the same
single sandy soil.

—Aerobic Soil Metabolism
The degradation of parathion methyl under aerobic conditions in single soil was
fast, with a half life of 4.7 days.  The major product is carbon dioxide.  The
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degradation pathway appears to be direct metabolism to carbon dioxide or
incorporation into the organic fraction of the soil followed by mineralisation.

—Aerobic Aquatic Metabolism
The degradation of parathion methyl in aerobic aqueous conditions using the same
soil was very fast, with a half life of just 1.1 days over the first seven days.  After
the first week, the concentration of parathion methyl detected in the aquatic phase
is effectively zero.  Residues of parathion methyl left in the sediment degraded
more slowly, with a half life of 16.5 days.

—Anaerobic Aquatic Metabolism
The degradation of parathion methyl in anaerobic aqueous conditions again using
the same single soil was very fast, similar to the aerobic study with the same half
life of just 1.1 days over the first seven days.  After the first week, the
concentration of parathion methyl detected in the aqueous phase is effectively
zero.

—Micro-encapsulated
There was no information presented on the soil or aquatic metabolism or
degradation of either microencapsulated formulations.  Based on statements
related to Parashoot the microencapsulated formulations are expected to persist
longer that the EC formulations in the environment, releasing the active ingredient
more slowly, which will then be metabolised as for the EC.

—Conclusion
It is concluded that microbial degradation of parathion methyl EC in soil and
aquatic conditions is very fast under both aerobic and anaerobic conditions.  As
there were no studies presented on the metabolism of the micro-encapsulated
formulations, no definite conclusion can be reached concerning the rate of
degradation for these products.

Mobility

—Soil adsorption/desorption
The soil adsorption/desorption of parathion methyl was determined in four sterile
soils.  It was concluded that parathion methyl is only moderately adsorbed to most
soils but stronger adsorption occurs to clay soils. It is rated as having medium
mobility in most soils and in clay soils it is rated as having low to medium
mobility.  Despite there being only one cycle of desorption done in the studies,
there was only limited desorption and indicates that binding is moderate to strong.

—Leaching
In a column leaching study using EC formulations, a ME formulation (Parashoot)
and different soils there was no detectable parathion methyl residues in the
leachate and it was concluded that this together with the ready degradation
indicates that leaching of parathion methyl from either formulation is unlikely.
However, there is a report of parathion methyl having been found in groundwater
in Europe.
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—Volatility from Soil
A study on the volatilisation of parathion methyl from a sandy loam soil was
conducted according to US EPA guidelines .  There was little if any parathion
methyl trapped in the volatiles and significant degradation was observed.  It was
concluded that the volatility from soil is low for the recommended rates of
application.

—Literature Reports
In literature reports, experiments using three different soils show that the
volatilisation of parathion methyl is less than 3% of the initially applied material.
However, the volatilisation from non-adsorbing surfaces is significant and within
2 days of applications up to 1.12 kg ai.ha-1 all is expected to have volatilised.

Volatilisation of parathion methyl from soil is not expected to be a significant
route for the dissipation from soil.  However, volatilisation of parathion methyl
from other non-adsorbing surfaces could be significant.

Volatilisation of parathion methyl from soil is not expected to be a significant
route for the dissipation from soil.  However, volatilisation of parathion methyl
from other non-adsorbing surfaces could be significant.

—Literature
A recent report has detected background levels of parathion methyl together with
other agricultural chemicals in the atmosphere, rain and fogwater in France.
Parathion methyl has also been detected in fogwater in California but not from the
Bering sea.  It is concluded by Environment Australia that these papers clearly
indicate that while parathion methyl is expected to degraded quite rapidly and be
non-volatile from soil, sufficient material persists and volatilises to give detectable
levels in the atmosphere with the corresponding background contamination and
possibilities of long range mobility following extensive usage.

—Field Volatility Studies
It is concluded from a study conducted according to Germany Guidelines that the
volatilisation of parathion methyl from soil is not expected to be a significant
dissipation pathway but volatilisation from leaf surfaces is.  In Australia with high
summer temperatures the volatilisation of parathion methyl could result in a
significant fumigant effect on non-target insects.

In an older study that does not meet modern standards, it was concluded that using
oil as the carrier in ULV applications does not significantly limit the dissipation of
parathion methyl from non absorbing surfaces.  The route of dissipation is unclear
but is likely to be a combination of volatilisation and degradation.

—Conclusion
Volatilisation of parathion methyl from soil is not expected to be a significant
route for the dissipation from soil.  However, volatilisation of parathion methyl
from other non-adsorbing surfaces could be significant.
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Spray Drift

The spray drift studies for the related parathion show that aerial application leads
to significant spray drift.  Based on the concentrations in the air and assuming that
parathion methyl is approximately half as toxicity to bees that parathion is, then
parathion methyl is expected to be toxic to bees up to 800 metres away from aerial
applications.  As the droplet sizes are approximately the same size of those used in
Australia for application of EC formulations, under Australian conditions spray
drift is expected to be similar.

Recent literature studies on aerial spray drift show that the 95th percentile from a
number of experiments gave spray drift results of 0.35% of the application rate at
approximately 300 metres.  Thus one in twenty aerial applications result in 0.3%
of the application rate as spray drift at 300 metres from the edge of the field being
sprayed.  Under adverse conditions, ie inversion layers, the 95th percentile for
spray drift increases to 1% of the application rate.

The spray drift from ground-based orchard application was significant and
parathion was toxic to bees up to 400 metres away.  Using the same assumptions
as before, parathion methyl is expected to be toxic to bees up to 200 metres way
from ground based orchard applications.  As the droplet sizes in Australia in
ground based orchard applications are expected to be similar as this in this study,
the spray drift and the toxicity to bees is expected to be highly relevant.

Micro Encapsulated
No studies on the spray drift from applications of the ME formulations were
presented.  It is claimed by one registrant (Colin Campbell) that as the micro-
encapsulated formulations have higher density than water there will be less
(spray)drift.  Given that the changes in the specific density of a spray formulation
will be very minor and the claim was not supported by any studies, Environment
Australia does not accept without supporting data that there will be less spray drift
from the ME formulations.

Field Dissipation Studies

Four field studies in cotton and rice were presented which support the results of
the laboratory studies in that parathion methyl is very quickly degraded in the soil
and that there is no leaching.  There were no half-lives determined in the field
studies as the degradation was too fast but can be estimated to be <1 day in the
soils tested.  Parathion methyl or its metabolites were not detected below 10 cm in
the soil, confirming the laboratory studies on mobility which showed that leaching
was unlikely. Degradation in rice paddy waters was again very fast with a half life
of <1 day.

Despite the rapid degradation in soil and in natural water, parathion methyl has
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been recently detected at low levels in river water in NSW.  It has also been
detected in dam water and sediment from an agricultural area in Mexico.

Bioaccumulation

The steady state bioaccumulation factors are low, with the highest being 108 times
for non-edible tissues.  Elimination of parathion methyl from these tissues was
rapid, with a half life of 7 hours, indicative of rapid depuration.  Bioaccumulation
in the aquatic environment is not expected in normal conditions.  However, under
high environmental stress, the literature suggests bioaccumulation could occur but
once the system returns to normal, rapid depletion should occur and prevent any
sustained bioaccumulation.

Conclusion

Parathion methyl is readily degradable in soil and aquatic environments and is
unlikely to persist beyond 1 week following application.  Bioaccumulation is not
expected.  Due to the very rapid degradation in soil, leaching is not expected.

While parathion methyl is not volatile from soil, it is volatile from other surfaces.
As a result of the ready photolysis in the vapour phase, vapours of parathion
methyl are not expected to persist in the air.  However, despite its demonstrated
lack of persistence in laboratory studies, parathion methyl has been detected in air,
rainwater and fogwater overseas, ground water in Europe and in surface water in
Australia and Mexico.

5.  ENVIRONMENTAL EFFECTS

Most of the following reports were submitted by Cheminova in response to the
ECRP data call-in.  In cases where there was no studies presented by Cheminova,
other sources were used as needed.  The US EPA’s data base AQUIRE was used
in the construction of Figure 1.
Avian Toxicity

5.1  Emulsifiable Concentrate

Acute
The available results for avian toxicity of parathion methyl EC are summarised in
Table 20.

Study Type Species Results Reference
Acute, single dose Mallard 6.6 mg.kg-1 US EPA 1988

Mallard # 13.6 mg.kg-1

(M)
# 93 mg.kg-1 (F)

Johnson, 1993

Bobwhite
quail

7.6 mg.kg-1 US EPA 1988

Bobwhite
quail

# 7.2 mg.kg Johnson, 1993 A
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Bobwhites 9.84 mg.kg-1 Buerger et al, 1994
Acute dietary Mallard,

ducklings
* 357 ppm Grimes and Jaber,

1988
Bobwhite
chicks

91 ppm Bennett, 1989

Chronic Mallard NOEC 14.7 ppm Beavers, Corbitt
and Jaber 1988 and

Bobwhites NOEC 6.27 ppm Beavers et al, 1988
A

Table 20.  Toxicity of parathion methyl to avian species.  * Results recalculated by Environment
Australia based on actual concentrations, see text.  # Result not considered reliable.

Comments on Table 20

Acute

There were no studies on single dose oral avian toxicity of parathion methyl to
birds presented by Cheminova.  The US EPA gives figures of 6.6 mg.kg-1 for
mallard duck and 7.6 mg.kg-1 for bobwhite quail (US EPA, 1988).  A recently
published value for bobwhites is 9.84 mg.kg-1 (mixed sex, nominal) (Buerger,
Mortensen, Kendall and Hopper, 1994).  The recent study used both pen reared
and wild birds which were dosed the parathion methyl in corn oil by oral
intubation. There was no statistical differences between the LD50 for pen reared
and the wild birds.  Although the study was not performed to meet current
regulatory guidelines and there was no analysis of the dosing oil, the method used
would generally satisfy US EPA guidelines.

The quail and mallard studies by Johnson (1993, 1993 A) were not preformed to
regulatory guidelines but were performed to an in-house Guideline.  These tests
were part of the micro-encapsulated formulation tests below and are used as a
comparison of the avian toxicity of ME and EC formulations.  As there was no
control group and these studies were not performed to an acceptable Guideline,
the results are not considered to be reliable.

Acute Dietary

—Mallard
A five day acute dietary test was performed using an EC formulation, 43.3%
parathion methyl (Grimes and Jaber, 1988).  The test was performed to old US
EPA standards (Section 71-2, 1982).

Mallard ducklings were fed treated feed for five days, then observed for 3 days
and the total number of mortalities recorded.  The doses used were 30, 60, 120,
240, 480, 960 and 3800 ppm of the formulation in the feed.  The LC50 was
calculated to be 1004 ppm of the formulation, based on nominal concentrations.
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Observations made during the test gave a NOEC of 30 ppm of the formulation
based on possible reduction in weight gain in the 60 ppm treatment group.  There
was a concentration related weight loss at the 120 ppm treatment group and at
higher doses, with a corresponding reduction in feed consumption at these
concentrations.

Analysis of the treated feeds used show the actual concentration of parathion
methyl was 12.3, 21.4, 45.1, 83.2, 174, 307, 665, 1308 ppm for the treatments 30,
60, 120, 240, 480, 960 and 3800 ppm of the formulation respectively (Clayton,
1989).  Environment Australia  has recalculated the results based on the actual
concentrations of parathion methyl to give an EC50 =357 ppm (95% confidence
limits 240-567 ppm) and a NOEC of 21.4 ppm.

—Quail
The LC50 determined by Bennett was not performed to regulatory Guidelines and
the results is nominal.   The study was on the measurement of the discrimination
threshold of parathion methyl by bobwhites (see below) and the LC50 was
determined for the testing conditions using 30 birds used per test concentration.
Within the limitations of the test and the nominal figure the result is in general
considered acceptable.  This study is further discussed below.

—Conclusion—Acute
The above results for acute toxicity shows that parathion methyl can be rated
(according to US EPA) as very highly toxic to birds by the acute oral and highly
toxic by dietary routes of exposure.

Chronic Testing
One generation reproduction studies with the mallard duck and bobwhite quail
were submitted by Cheminova and performed according to US EPA Guideline 71-
4 (Beavers, Corbitt and Jaber 1988 and 1988 A for the mallard and quail
respectively).

Parathion methyl was administered via the diet to young birds approaching their
first breeding season.  Each testing group contained sixteen pairs of birds with one
male and one female per pen.  The birds were fed with feed dosed at 0, 3, 8 and 20
ppm for a total of 20 weeks.  The feed was dosed weekly and sufficient feed given
to each pair for one week—the food bins were topped up if required.  After 7 or 8
weeks on the treated feed (for quail and mallard respectively), the birds were
induced to egg laying and the eggs collected daily.  Effects upon shell thickness,
egg production, quality of eggs, hatching health and survivability were examined.

Analysis of the feed showed that after 7 days there was a significant reduction in
the concentration of parathion methyl of approximately 10% (Clayton, 1989 A).
Therefore the analysis results were corrected to give an average concentration for
each week.  The mean concentration in the feeds over the 20 weeks of the  study
were used in determining the toxicological endpoints.  In the quail study the actual
concentrations were determined to be 2.46, 6.27 and 15.5 ppm and in the mallard
study, 2.13, 5.99 and 14.7 ppm, both for nominal concentrations of 3, 8 and 20
ppm respectively.
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For the quail study there were no treatment related effects at 2.46 or 6.27 ppm
noted during the study.  In the highest treatment group 15.5 ppm, there were
statistically significant (P<0.05) effects noted.  These were: mortality (6 birds
died), reduced body weight of adults, reduction in the number of eggs laid and
reduced hatchability of the eggs.  The first mortalities were drakes (from the 2nd
week), with the first hen mortality in the third week.  The birds that died had
significantly reduced body weighs compared to that of the control birds.  The
NOEC was 6.27 ppm (corrected).

For the mallard study no dietary concentration tested resulted in treatment related
mortalities, overt signs of toxicity or effects upon adult body weights when
compared to controls.  There were no apparent treatment related effects upon
reproductive parameters tested.  The NOEC was determined to be 14.7 ppm, the
highest concentration tested.

Literature Reports

There are several literature reports of significant numbers of birds having been
killed by use of mixtures of parathion and parathion methyl involving up to 1600
birds, mainly Canadian Geese (White, Mitchell, Wynn, Flickinger and Kolbe,
1982).  These chemicals were aerially applied as a 2:1 mixture,
parathion:parathion methyl to wheat fields at a rate of 0.85 kg.ha-1 for the mixture
in Texas during winter when the crop was just planted or just emerging and where
large numbers of over wintering birds, particularly Canadian Geese and other
waterfowl, are known to feed.  It is likely that parathion was the major toxicant as
the mixture had twice as much parathion as parathion methyl and parathion is
slightly more toxic.

Routes of Exposure

The different routes of exposure and uptake of parathion methyl in northern
bobwhite quail has been studied under stimulated field conditions in an
environmentally controlled wind tunnel (Driver, Ligotke, Voris, McVeety,
Greenspan and Drown, 1991).  Several  routes of exposure were examined,
inhalation, preening, ingestion and dermal, by covering birds or using other
methods to limit exposure.  The birds (bobwhites) were exposed to simulate an
aerial application of 1.2 kg ai.ha-1 in 19 L.ha-1 of water under field conditions
(simulated UV sunlight, 3.2 km/hr wind, contaminated and uncontaminated insect
larvae presented) with a 25 cm cotton plant canopy.

The results show that dermal uptake and preening were the overall major
contributors to the dose and toxic response of the birds, as measured by
cholinesterase inhibition.  The maximum mean total cholinesterase inhibition
(total for all routes of exposure) was 65%, 24 hours post spray for the birds
exposed to all routes of exposure.
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Inhalation was the major route identified at 1 hour post spray, 17% of total
inhibition at 1 hour post spray (all figures refer to percentage to total inhibition at
that sampling period), and at 4 hour and 24 post spray preening was the major
route, 16% and 17% inhibition respectively.  The authors calculated that birds
ingesting 50% of the chemical deposited on its feathers receive 3.6 mg ai.kg-1 bw,
which is approximately 50% of the LD50.

Dermal absorption was the major route of exposure identified 24 and 48 hours
after spraying, 28% and 42% inhibition of cholinesterase respectively.  Oral
ingestion was identified as resulting in 20% inhibition after 24 hours and over the
entire testing period (48 hours) represented <20% of the measured cholinesterase
inhibition.  No mortalities were observed during the study but it was noted by the
authors that death can occur with cholinesterase inhibition >50%.

Discrimination Threshold

The ability of bobwhites to discriminate between parathion methyl treated feed
and untreated feed, the discrimination threshold (DT), has been determined under
a range of conditions together with the LC50 (Bennett, 1989). The DT is defined
as “the dietary concentration above which test animals will decrease the
proportion of treated food they consume if untreated alternative foods are
available” (Bennett and Schafer, 1988).  There were four testing conditions: no
choice (LC50), 2 feeders per cage (1 treated, 1 untreated, 1:1),  10 feeders per cage
(5 treated, 5 untreated, 5:5) and 10 feeders per cage (9 treated, 1 untreated, 9:1).
The LC50 was determined to be 91 mg.kg-1 (nominal) from the no choice
treatment.  The DT increased from 10 ppm in the 1:1 to 45 and >126 ppm in the
5:5 and 9:1 cages respectively.  The feed consumption and mortalities in the 9:1
cages were similar to the LC50 cages.  It was considered by the authors that the
results indicated that parathion was not a repellent but that conditioned aversion to
treated foods only developed after 12 to 24 hours and the chemical was only
poorly detected by some individual birds.  Further, the authors concluded that
when alternative food choices exist, vulnerability to poisoning can be influenced
by the number and relative abundance of choices, as well as a bird’s ability to
detect the chemical.

Effects on Behaviour

There are several literature reports on the effects of parathion methyl on bird
behaviours.  Northern bobwhites (Colinus virginianus) showed reduced survival
when dosed with parathion methyl in oil at 6 mg.kg-1 by oral intubation compared
to controls (Buerger, Kendall, Mueller, DeVos and Williams, 1991).  The
explanation given was that the chemical had caused subtle behavioural
impairments rather than overt toxicity.  Red-winged blackbirds did not show any
effects at an oral dose of 4.2 mg.kg-1 (Meyers, Cummings and Bennett, 1990)



NRA Review of Parathion-methyl – Environmental Assessment

Not to be used for commercial or registration purposes without prior consent of the owner of the cited information

172

Effects on Ducks in Field Studies

In a field study, ducks that were nesting in and besides wheat fields were aerially
oversprayed with parathion methyl at 1.4 kg ai.ha-1 and the behaviour of the ducks
was compared to ducks in similar situation (as controls) which were sprayed with
water (Brewer, Driver, Kendall, Zenier and Lacher Jr., 1988).  Ducks that were
sprayed with chemical showed reduced duckling survival compared to controls,
especially for mallard and teal ducklings with 7% and 0% survival after 22 days
respectively (the initial number of ducklings was 13 mallard and 9 teal).  Most
duckling mortalities occurred within the first 10 days of the trial and there were no
additional deaths after 15 days.  Woods duck ducklings were not significantly
affected, with the authors giving the cavity nesting behaviour of wood ducks as a
possible explanation.  It was unclear as to whether the high brood mortality for
mallard and teal ducks in the treated field compared to the control field was due to
pesticide induced abandonment or overt toxicity but nest abandonment was
observed during the study period by some hens in the treated group and none in
the control group.  A subsequent control experiment using caged mallard hens
during egg laying and incubation showed that with 400 ppm of parathion methyl
in the diet the incidences of mortality, nest abandonment and abnormal incubation
behaviour was increased compared to controls (Bennett, Williams, Schmedding
and Bennett, 1991).  However, due to variability among individual hens and
limited sample sizes, the results were not statistically significant.

Australian Ducks

With respect to the Australian situation there are a number of native duck species
that nest on the ground and therefore could be exposed to parathion methyl during
their nesting season.  These are: Water Whistle-duck, Grass whistle-duck, Black-
duck, Grey Teal, Chestnut Teal and Shoveler (Frith, 1977).  These species
together with several other species could be exposed to parathion methyl sprays
when they are nesting or have broods.

Micro-encapsulated Formulations

The available results for avian toxicity of parathion methyl for the two
microencapsulated (ME) formulations are summarised in Table 21.  The results
were converted to mg of active ingredient per kg bw based on the stated
concentration of active in the ME formulation in the test reports.

It should be noted that the reports by Johnson use Penncap M, prepared by Elf
Atochem of France and those of van Dreumel and Reijnders use Parashoot
prepared by Cheminova.  As noted above, these two formulations are not
equivalent as different polymers have been used in the micro-encapsulation
process and the capsules are expected to show different thickness and diffusion
rates of the active across the capsule walls.  (It is stated by both companies that are
producing these formulations that the active is only released when the micro-
capsules are dry.)  However, for these formulations to be efficacious, the diffusion
rates of the actives when dry are likely to be similar and therefore they are likely
to have similar toxicity.
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Study Type Species Results Reference
Acute, single
dose

Mallard 160 mg ai.kg-1 Johnson, 1993 B

Bobwhite quail 44.4 mg ai.kg-1 van Dreumel and
Reijnders, 1996

Bobwhite quail 54.5 mg.kg-1 Johnson, 1993 C
Table 21.  Toxicity of parathion methyl ME to avian species.  Results expressed as active
ingredient.

Comments on Table 21

The quail study by Dreumel and Reijnders was performed according to the US
EPA Guidelines and the OECD proposed avian acute toxicity test (1992), except
that Bobwhite quail were used instead of Japanese quail.  The microencapsulated
formulation of Cheminova (39.5% ai) was used in the test.  This test was
performed satisfactorily.

The tests of Johnson were not performed to usual testing Guidelines but were
performed to an in-house Guideline.  There were only three doses used for the
quail (100, 200 and 400 mg.kg-1 of formulation) and four for the mallard (400,
566, 800 and 1131) and there was no control group for either test.  As there was
no control group and these studies were not performed to an acceptable Guideline,
the results are not considered to be reliable.

There were no dietary studies presented and the effect of dietary exposure from
the ME formulation is unclear.  It is stated by Colin Campbell that “.. any capsules
accidentally ingested are crushed by the contents of the gizzard and immediately
release their contents.”  It is there likely that the dietary toxicity of the
microencapsulated formulations are similar to the EC formulations.

Conclusion—Avian Toxicity

Parathion methyl (EC) is rated as very highly toxic to birds (bobwhite and
mallard) by the acute oral route (LD50 of 6.6 to 9.8 mg.kg-1) but the toxicity is
moderated when ingested as part of the diet (mallard ducks; LC50 of 357 mg.kg-1

actual, and quail LC50 of 91 mg.kg-1 nominal).  Effects on bobwhite quail
reproduction and significant number of mortalities were noted at 15.5 ppm (EC) in
the feed in a 20 week study, but at 14.7 ppm there were no effects on reproduction
or toxicity related effects on mallard ducks over the same period.

Field reports indicate that mixtures of parathion and parathion methyl has been
associated with several incidents of bird kills in the USA at rates similar to those
used in Australia but parathion, the ethyl analogue, is more likely to be the major
toxicant involved.
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Laboratory studies simulating aerial overspray of birds in a crop with parathion
methyl, at rates similar to those used in Australia showed that while none died, the
level of cholinesterase inhibition was >50%, indicating that the birds had received
a potentially toxic dose.  The major route of exposure was mainly oral ingestion
through preening and by dermal adsorption of residues.  In tests designed to
determine the discrimination threshold, it was found that parathion methyl is not
repellent to birds but that conditioned aversion occurs.  However, the chemical is
poorly detected by some individuals and with decreasing availability of
uncontaminated feeds, significant oral exposure is possible.

Parathion methyl has been associated with changed behaviours in ducks when
nesting ducks have been exposed (aerially oversprayed) at the highest Australia
rate in the field and under controlled conditions.  These behavioural changes
during nesting and brood development have been associated with reduced
duckling survival in some species of ducks, particularly those that are open
nesters.

The both microencapsulated formulations, Penncap-M and Parashoot, are rated as
highly toxic to quail and Penncap-M as moderately toxic to mallards but the
mallard results are not considered reliable.  There were no dietary studies
presented and the effect of dietary exposure from the ME formulations is unclear.
Based on a statement present by Colin Campbell, it is expected that the dietary
toxicity of the micro-encapsulated formulations is similar to the EC formulations.

Aquatic Toxicity

Regulatory Studies

The following aquatic toxicity results for the TGAC and emulsifiable concentrate
were presented by Cheminova, see Table 21.  These studies were performed to US
EPA requirements or other international recognised standards and are based on
measured concentrations (GC method).  The typical end-use product (EUP) used
in these tests is assumed to be an emulsifiable formulation containing 43.2%
parathion methyl as the active ingredient.  The flow-through tests used acetone as
a diluent for the stock solution which was then diluted in the test water before
addition to the aquarium.
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Test Species Results References
96 hr acute static
(ME 605 Wettable
Powder)

Golden Orfe LC50 #  between 4.0 and
12.6 mg.L-1

NOEC # = 4.0 mg.L-1

Grau 1989

35 days flow through
(technical)

Sheepshead
minnow, embryos
and larvae

MATC = 12 to 26
 µg.L -1

Surprenant
1989

48 hr acute static
(technical)

Daphnia magna LC50 ** = 7.3 µg.L -1

EC50 * = 5.8 µg.L -1
Heimbach,
1983

21 day reproduction
semi-static (technical)

Daphnia magna NOEC ** = 0.166 µg.L -1 Heimbach,
1987

21 day chronic flow-
through (technical)

Daphnia magna MATC = 0.43 to 0.85
µg.L -1

Blasberg,
Murrell and
Bucksath
1993

96 hr acute flow-through
(technical)

Mayfly nymphs EC50 = 17 µg.L -1

NOEC = 9.8 µg.L -1
Putt, 1994

96 hr acute flow-through
(technical)

Blue Mussel NOEC = 1.4 mg.L-1 Dionne 1994

96 hr acute flow-through
(EUP)

Mysid shrimp LC50 #  = 0.34 µg.L-1

NOEC #  = <0.26 µg.L-1
Surprenant
1988

96 hr acute
flow-through (EUP)

Eastern oyster
(Crassostrea
Virginica)

NOEC #  = 1.1 mg.L-1 Surprenant
1988 A

96 hr static
(technical)

Algae
(Selenastrum
subspicatus)

EC50 ** = 3.0 mg.L-1

NOEC ** = 0.1 mg.L-1
Anderson,
1983

Table 22.  Toxicity of  parathion methyl technical and an EC formulation to aquatic organisms.  EUP =
Typical end use product.  * Calculated by Environment Australia.  ** Results are nominal. # Results were
converted from EUP to active, see text.

Comments on tests in Table 22.

Golden Orfe
An LC50 for the golden orfe test was not considered reliable as there was no test
concentration between the 0 and 100% mortality.  Therefore the result is given as
being between 4.0 and 12.6 mg ai.L-1.  Note that the test report gives the results as
concentration of product, 16.87 and 30.00 mg.L-1, which were converted for
consistency with other test results to mg of active ingredient by Environment
Australia, based on the stated concentration of parathion methyl (42%) in the
wettable powder.  Analysis of the test solutions showed that the actual
concentrations were within 80% of nominal concentrations over the testing period.
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Sheepshead Minnow
As a substitute for a full life-cycle toxicity test, the toxicity of parathion methyl to
the embryos and larvae of Sheepshead minnows was determined.  The rationale,
as stated by the authors of this study, is based on the observation that these
embryo/larvae studies are reasonably accurate short term predictors of the chronic
life cycle studies.  The criteria used to determine the MATC (Maximum
Acceptable Toxicant Concentration) was based on embryo survival and larval
growth (length and weight) at the termination of the test.  There were several
deviations from the protocol used, the most significant were temperature, which
varied between 21 to 31 °C, and concentration of dissolved oxygen which was
below 60% of saturation for the last 5 days of the study (ranged between 35-58%).
The effects of these two deviations from the protocols used is not clear but as
there were no changes to the recorded observations during this period, there
appears to be minimal effect on the test organisms and therefore the results of this
test are considered reliable.

Daphnia
—Acute
The acute 48 hours daphnia test (Heimbach, 1983) was conducted according to the
OECD method.  However, the definition of immobility used—no antennae
movements or swimming movement (checked with microscopy)—is closer to
mortality than immobility and as the current definition is lack of significant
movement when simulated, the data was re-examined.  Recalculating the data,
using animals lying at the bottom of the test containers with trembling antennae as
being immobile, the EC50 is 5.8 µg.L -1, with 95% confidence limits of 5.7 to 6.7
µg.L -1.  This recalculated figure for the EC50 is considered by Environment
Australia to be more reliable.  (It should be noted that the curve for this study
when recalculated was very steep and the EC10 was 5.2 µg.L -1).  The NOEC was
3.2 µg.L -1.

—Reproduction
A 21 day reproduction study was performed according to EEC draft method,
“Prolonged Toxicity Study with Daphnia Magna (Inhibition of Reproduction),
Draft 3, EEC IX/681/86, April 1987.  The mean measured concentrations were
93% and 131% of nominal concentration on days 0 and 12.  As there was
significant mortality in the highest concentration used (0.516 µg.L -1), the results
from this concentration were not used in the statistical analysis for reproduction
and therefore only a NOEC could be determined.

—Chronic
The chronic toxicity test to daphnia was conducted under normal conditions.  It
was noted that there were statistically significant differences observed between the
lower concentrations tested and the control/vehicle blank for growth and
reproduction.  These differences were not dose related with respect to parathion
methyl.  This was considered to be due to a solvent effect of increasing bacterial
growth with increasing solvent concentrations.  The increase in bacterial growth
resulted in additional food for the daphnia.
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Mayfly nymphs
As there is no current standard testing protocol for mayfly nymphs, an in-house
protocol was used entitled “Methyl Parathion-Flow-through Acute Toxicity Test
with Mayfly nymph, (eg Hexagenia sp.) following FIFRA Guideline 72-2”.  The
report on the study indicates that the testing protocol used was satisfactory.

Mussels
The toxicity of parathion methyl to blue mussels (Mytilus edulis) under flow
through conditions was determined using standard US EPA procedures (Dionne
1994).  Because the highest concentration tested (17 mg.L-1) resulted in 100%
mortalities and there were no other mortalities in another dose tested, the EC50 of
9.7 mg.L-1 reported by the author is considered unreliable and is not reported in
Table 22.

Mysid shrimp
The mysid shrimp study was performed according to US EPA Guidelines.  There
was no deviation from these guidelines and the results of analysis of test solutions
showed no problems.  The toxicity curve was noted to be steep.  The results are
considered to be acceptable to Environment Australia.

The 48 hours LC50 was 0.68 µg.L -1, and at the lowest concentration of 0.26 µg.L -1

20% of the test organisms died.

Oysters
The analysis of the results for the toxicity of parathion methyl to Eastern oysters is
not considered valid (Surprenant 1988 A).  In calculating the regression line for
the dose-response relationship, the author plotted four cases using a log
transformation of the dose axis and/or a probit transformation of the response axis,
then the line having the best correlation coefficient was used to calculate the EC50
and associated confidence interval.  The four cases were: both axes
untransformed, each axis transformed and both axes transformed. This procedure
is incorrect since only the case of both transformed axes will theoretically produce
a straight line relationship of normally distributed toxicity data.  Fitting the data to
a straight line in the other three cases uses a model not validated in toxicological
literature.  Since the report does not state which case the EC50 was drawn from
(and thus it was not known whether the correct model was used) and there is
insufficient data presented to reproduce the statistical analysis, the stated EC50 of
3.1 mg ai.L-1 is not considered valid.  [The applicant should note that the US EPA
considers this type of deviation from the protocol to be sufficient for the test to be
rejected (US EPA, 1994).]

The NOEC presented in the report (1.7 mg ai.L-1) is based on the statistical
analysis of the oysters shell growth only.  However, as the reports states that it was
observed that oysters at this concentration exhibited little feeding and siphoning
activity compared to controls, the NOEC included in Table 22 is the next lowest
concentration used, 1.1 mg ai.L-1.

Algae
The algae static test was not performed to current regulatory requirements
(Anderson, 1983).  However, the study appears to have been performed in such a
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way that it would meet the regulatory requirements pertinent at the time.  In
reporting the results of the study, the effects of parathion methyl on the growth of
the algae was tested three times and the lowest EC50 for 24, 48, 72 and 96 hours
was used as the EC50 for that test.  These were 2.6, 4.0 and 2.3 mg.L-1 for the
three tests and the EC50 in Table 22 was the average of these results.

Other Aquatic End-points

A summary of the aquatic toxicity of parathion methyl in the marine environment
was prepared for the US EPA in 1981 (Anonymous, 1981).  Table 23 gives the
toxic data summarised in this report.  The testing methodology used in the results
presented in Table 23 are according to those of the Committee on Methods for
Toxicity tests with Aquatic Organisms, 1975 (US EPA 1975).

Test Type Test Species Results in µg.L -1

Acute, Static Algae, (Skeletonema castatum) EC50 (96 h) = 5300
 NOEC = 1000

Acute Static oysters (Crassostrea virginica) EC50 (48 h) = 12000
Acute Static mysid shrimp EC50 (96 h) = 0.98
Acute Static white shrimp (Penaeus styirostris) EC50 (96 h) = 1.4
Acute static copepod (Acartia tonsa) EC50 (96 h) = 28
Acute Static Sheepshead minnows EC50 (96 h) = 12000
Acute static spot (Leiostomus xanthurus) EC50 (96 h) = 93
Acute, flow-through mysid shrimp EC50 (96 h) = 0.77
Acute, flow-through pink shrimp (Penaeus duorarum) EC50 (96 h) = 1.2
Acute flow-through spot (Leiostomus xanthurus)  EC50 (96 h) = 59
Entire life-cycle mysid shrimp, MATC between 0.11 and

0.37
Table 23.  Toxicity of parathion methyl to several marine species as reported by the US EPA
(Anonymous, 1981).  Results for static tests are nominal; flow-through tests used measured results.

Comments on table 23

The results are in general agreement with those in Table 22.  However it should be
noted that the results for spot (Leiostomus xanthurus), a saltwater fish species
chosen for these tests based on its known sensitivity to chemicals, is the most
sensitive fish species tested.  This result is considered reliable as it is based on
measured concentrations using a reasonable analytical method (86% recovery and
detection limit of 0.5 µg.L -1), as are the other flow-through results.

ASTER data

The results from the US EPA ASTER data base are summarised in Figure 1,
which does not include the data from Tables 22 and 23.  It should be noted that the
large range for some groups is due to insensitive species.  Also, the maturity of the
test species is relevant, with early life stages in general being more sensitive.
Based on the ASTER data base, the toxicity to aquatic cladocerans, the most
sensitive group of organisms, ranges from 0.14 (EC50) to 12 µg.L -1 (LC50), for
immature and adult daphnia magna respectively.
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The ASTER data base lists chronic toxicity MATC (average value) for daphnia
magna, rainbow trout and walking catfish as 1.2, 100 and 2450 µg.L-1

respectively.  These figures are positioned in Figure 1 for comparison with the
acute values.

Cladoceran
Daphnia

  s-------------------s
            m

Amphipods                 s-----------------------s
Macro-crustacean-
prawns and crayfish

                               s-------------s

Diptera-midge
larvae

             s------------------- ----s

Ephemeroptea-
mayfly

s--------------------s

Odonata-damselfly                  s------------s
coleoptera-beetle s
Pisces-fish   s------------s

m------------m

0.01 0.1 1.0 10 100 1000
(1 ppm)

10,000
(10 ppm)

100,000
(100 ppm)

Concentration in µg.L-1

Figure 1.  Graph of the toxicity of Parathion Methyl to aquatic organisms from the US EPA ASTER data
base.  s-acute values (LD or EC50s).  m-average chronic values.  Positions are approximate only.

The EC50 (48 h) to the early life stages of the white river crayfish (Procambarus
acutus), a North American freshwater species, has been determined as 2.4 µg.L-1

nominal using immobility as the end point (Albaugh, 1972).  The data was
analysed by probit analysis and the LC50 and confidence interval determined.
This is a old study with only a limited literature report but despite the limited
report, it appears that the study was performed reasonably well.  The LC50 (48 h)
to the red swamp crayfish (Procambarus clarki) is listed on the ASTER data base
as 40 µg.L-1 (Muncy and Oliver, 1963).  Again the results are nominal and not
performed to current standards but would appear to be performed reasonably well
for the period.  As these results are nominal, not based on measured
concentrations and there is only limited information, they are not considered
reliable and only indicative of the very high toxicity of parathion methyl to macro-
crustaceans.

Micro-encapsulated formulations

Test reports for a micro-encapsulated formulation were presented by Cheminova
for the Parashoot micro-encapsulated formulation.  It is anticipated that somewhat
similar results would be obtained using Penncap-M in this type of testing given
that the mode of actions is similar and that the diffusion rates are expected to be
similar.

It is stated by Colin Campbell that “As a consequence of the non-solubility of the
raw material in the water (diffusion halted) and the natural fast sedimentation of
the capsules on river beds (lakes, ponds, rivers), fish and aquatic fauna are not
affected by residual microencapsulated insecticides.”  Based on the results of
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aquatic testing for Parashoot, this statement is clearly not true and is not accepted
for daphnia and other filter feeders.

Fish

The toxicity of a micro-encapsulated formulation for rainbow trout was performed
according to US EPA, OECD and EC guidelines (McMinn, Surprenant and
Cornell, 1995).  The LC50 (96 hour) was >325 mg.L-1 (nominal) of the test article
(Parathion methyl 450 g/L ME), which corresponds to >47.4 mg ai.L-1 based on
the average measurement of total parathion methyl (free and encapsulated) at
initiation and termination of the test.  The NOEC was 62 mg.L-1 (nominal) of the
test article, corresponding to 24.8 mg ai.L-1 based on the average measurement of
total parathion methyl.

Analysis of the solutions at 0, 24, 72 and 96 hours showed that the concentrations
of free parathion methyl in solution were 0.231 mg.L-1 and 1.46 mg.L-1 at time 0
and 0.292 mg.L-1 and 1.93 mg.L-1 96 hours later for nominal concentrations of 42
and 325 mg.L-1 of the test article  respectively (corresponds to 6.8 and 130 mg
ai.L-1).  The encapsulated parathion methyl in suspension decreased from an initial
15 mg ai.L-1 and 91.2 mg ai.L-1 to 0.036 mg.L-1 and 0.119 mg ai.L-1 at the
termination of the study for nominal concentrations of 42 and 325 mg.L-1 of the
test article respectively.  The analysis results clearly indicate that encapsulated
material is settling out of the test solutions and the effects observed are due to the
free parathion methyl in solution.

Daphnia

The toxicity of the encapsulated parathion methyl formulation to Daphnia magna
has been determined according to US EPA, OECD and EC guidelines (van der
Kolk, 1995).  The EC50 (48 hour) was 10 µg.L -1 and the NOEC <4.0 µg.L -1,
based on the measured concentrations of the test article, Parashoot, which
corresponds to EC50 of 4.5 mg ai.L-1 using the average measurement of total
parathion methyl (free and encapsulated).  There were no problems with the
analysis, with the 0 hour and 48 hour samples showing similar concentrations of
total parathion methyl.  Again the concentration of free parathion methyl was
significantly less than the total nominal concentrations, typical of encapsulated
compounds.

Algae

The toxicity of the encapsulated parathion methyl formulation to the algae
Scenedesmus subspicatus was determined according to OECD and EC guidelines
(Schanne, 1996).  Following a preliminary range-finding exposure, a limit test at
100 mg.L-1 of formulation was performed (39.5 mg ai.L-1).  There was no effect
on cell density or cell growth compared to controls at the tested dose.  The
measured total parathion methyl at time 0 showed was 90.8% and 100% of
nominal concentration for the two replicates.
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A decrease in concentration of total measured parathion methyl was found over
the 72 hours of the test and at 72 hours the average was 74.8% of nominal.  The
concentration of free parathion methyl averaged 0.55% of total parathion methyl.

The toxicity of Parashoot in the daphnia test is similar to that of the EC in Table
22 (5.8 µg ai.L -1) but in the fish study it was significantly less toxic.  A clear
reason for this difference is not obvious but could be that for fish the capsules are
possibly not sticky or the gills and scales do not entangle the capsules and the
toxicity is reduced compared to EC formulations.  Alternatively the daphnia may
be eating the microcapsules which has implications for other aquatic invertebrates
which also filter feed.

Conclusion—Aquatic Toxicity

The toxicity to aquatic organisms is very high, especially to invertebrates.  The
reported acute toxicity to fish on the US EPA’s ASTER data base ranges from
LD50’s of 59 µg.L-1 for spot to 75 mg.L-1 for northern puffer fish, with the results
for spot considered reliable (see results in Table 23).  The submitted study shows
an LC50 of between 4 and 12 mg.L-1 for golden orfe.  Life cycle studies have not
been performed but the embryonic and larvae life stages of Sheepshead minnow
have been tested and the maximum acceptable tolerated dose was determined to
be between 12 and 26 µg.L-1.  The early life stages are considered to be normally
the most sensitive.  (Note that the acute to chronic ratio is very high, with the
acute LC50 = 12 mg.L-1, from Table 23).  Parathion methyl is extremely toxic to
invertebrates, with acute toxicity figures for daphnia and mysid shrimp (EC50) of
5.8 µg.L-1 and 0.34 µg.L-1 respectively.  The chronic toxicity to daphnia and
mysid shrimp has been determined and the MATC found to be between 0.43 and
0.85 µg.L-1 for daphnia and 0.11 to 0.37 µg.L -1 for mysid.  The acute to chronic
ratio for daphnia and mysid shrimp is lower than for fish.

The toxicity of parathion methyl to Australian freshwater crayfish is not available
but EC50 of 2.4 µg.L-1  and LC50 of 40 µg.L-1 to an American freshwater
crayfish species have been reported. These values ares old, nominal and are
considered not reliable.

Parathion methyl is moderately toxic to green algae, with EC50s of 3.0 and 5.6
mg.L-1 for two species of Selenastrum.

The Parashoot microencapsulated formulation of parathion methyl is significantly
less toxic to fish than the EC formulation in static testing.  However, there was no
significant difference in toxicities of the EC and the ME formulations in static
daphnia tests.  A similar result may be expected for other sensitive aquatic
invertebrates.  At 100 mg.L-1 Parashoot is non-toxic to the algae Scenedesmus
subspicatus.



NRA Review of Parathion-methyl – Environmental Assessment

Not to be used for commercial or registration purposes without prior consent of the owner of the cited information

182

There were no tests provided for the Penncap-M encapsulation formulation to
aquatic organisms.  A daphnia study is said to be preparation but is some months
away from completion.  It is claimed by Colin Campbell that micro-encapsulated
formulation do not effect fish and aquatic fauna due to sedimentation.  The
Parashoot results refute this claim in respect of daphnia and presumably similar
feeding organisms.

Non-target Invertebrates

Bees
The toxicity of formulated parathion methyl to bees is presented in Table 24.
These studies were provided by Cheminova using an EC and Parashoot
formulations and were conducted according to internationally acceptable
guidelines.

Test Species Results References
Acute Oral,
EC 500 g.L-1

Bees LD50# = 0.025 µg.L-1

NOEL# = 0.0041 µg.L-1

Kovács 1995

Acute Contact
EC 500 g.L-1

Bees LD50 = 0.079 µg.L-1

NOEL** = 0.054 µg.L-1

Kovács 1995

Acute Oral,
ME 450 g ai.L-1

Bees LD50 = 3.47 µg.L-1

NOEL = 2.07 µg.L-1

Kovács 1995 A

Acute Contact
ME 450 g ai.L-1

Bees LD50 = 0.64 µg.L-1

NOEL = 0.197 µg.L-1

Kovács 1995 A

Table 24.  Toxicity of  parathion methyl formulation to bees.  All results are based on concentration of
formulation used; EC 500 (emulsifiable concentrate 500 g ai.L-1) or Parashoot (micro-encapsulated
suspension, ME,  at 450 g ai.L-1).  Results are nominal unless indicated #.  ** Value determined by
Environment Australia.

Comments on Table 24.

The studies on the toxicity of parathion methyl to bees were performed
satisfactorily.  The results for the acute oral are based on measured concentrations
and amount of test solutions consumed by the bees.  The contact test LD50 was
calculated from nominal concentrations in the testing solution that was applied to
each bee (30 bee per dose).  The contact test did not report a NOEL which was
determined by Environment Australia based on the mortality data presented in the
report.

Table 24 confirms the extreme toxicity of parathion methyl to bees by all routes of
exposure tested.  These studies also indicate that Parashoot (and possibly
Penncap) is less toxic than the EC formulation, although it is still rated as toxic to
bees by contact exposure and moderately toxic by oral exposure.
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Other Studies on the Toxicity to Bees

Literature

The toxicity of parathion methyl to bees has been studied for some time with one
of the more interesting studies done at the University of California (Anonymous,
1967).  In this report the toxicity of more than 200 different pesticides were tested
using the same dusting method and equipment.  This is a large study, with three
different hives used for each chemical at each dosing level and 25 bees per
replicate and 3 replicates per hive.  Parathion methyl was found to be the 26th
most toxic chemical tested with an LD50 of  0.465 µg ai per bee, being less toxic
than parathion (0.175  µg ai per bee), chlorpyrifos (0.114  µg ai per bee) and
diazinon (0.372  µg ai per bee) but more toxic than dichlorvos (0.495  µg ai per
bee) and malathion (0.709  µg ai per bee).

Comparison of EC and ME formulations
The residue toxicity to bees of two different parathion methyl formulations, an
emulsifiable concentrate (EC) and Parashoot (a microencapsulated suspension
ME), was also tested under field conditions (Kovács 1995 B and C).  Plots of
alfalfa were sprayed after sunset with the two formulations at a concentration of
450 g ai.ha-1.  The sprayed plants were then aged in the field as indicated in Table
25 before being cut and placed into cages together with bees and the cages rotated
slowly.  The rate of application was not tested by analysis or any other method.
The number of dead bees was determined after 24 and 48 hours.  Table 25 gives
the results.  It should be noted the this study would indicate that the EC
formulation is toxic to bees for up to 24 hours and the new micro-encapsulated
formulation is toxic in excess of 192 hours, ie 8 days.

Formulation Age of Residues, hours
3 8 24 48 72 96 168 192 216

EC 100% 100% 22.1% 1.7* 1.3* — — — —
CS 100% 100% 100% 100% 100% 100% 95.5% 44% 17.8%
Table 25.  Forced residue toxicity of aged foliage to bees.  * Not statistically significant different from
controls.

The results to bees show that parathion methyl is extremely toxic to bees and
which lasts for a considerable period after spraying.  The micro-encapsulated
formulation Parashoot is also extremely toxic to highly toxic to bees for up to 8
days after spraying.  A literature report on the toxicity of micro-encapsulated
parathion methyl (Penncap) found that residues caused 100% mortality to bees 3
days following application to cotton, which was the most persistent of the OPs
tested (Estesen, Buck, Waller, Taylor and Mamood, 1992).
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Other micro-encapsulated studies
The registrant for the microencapsulated formulation submitted a report by
Agchem Pennalt (US manufacturer of Penncap) in which it is shown that Penncap
is not more hazardous to bees than the EC formulation (Dahl and Lowell,
undated).  Residues in rape pollen after bees have carried the pollen to the hive
were not significantly different between microencapsulated parathion methyl
(MMP) and azinphos methyl when both were sprayed at a rate of 0.17 kg ai.ha-1 to
the same crop (a different insecticide was used to allow for comparisons between
the EC formulations and encapsulated formulation), thus indicating that the micro
encapsulated formulation is not selectively gathered by the bees.  When MMP and
PMEC (parathion methyl emulsifiable concentrate) were applied to late blooming
sunflowers, the number of dead bees in hives placed near the sunflowers was 2760
and 11941 for MMP and PMEC treated crop respectively during the first 5 days.
The residues of parathion methyl in the sunflower pollen was similar.  The story
was the same when blooming alfalfa was sprayed, with MMP being less toxic than
PMEC.  The authors concluded that MMP did not present a greater hazard to bees
than the existing PMEC; on the contrary, it was less hazardous in controlled tests
on certain crops.  While Environment Australia does not concede that MMP is
less hazardous, it is likely that the micro encapsulated formulations are
significantly less toxic by ingestion but are of similar toxicity to bees as the
emulsifiable concentrate by contact (see Table 24).  Also, the CS formulations
have a significant residue effect.

Other Invertebrates

Carabid Beetles under Semi-Field Conditions

A field of wheat stubble was divided into small study plots each containing 12
carabid beetles (Poecilus cupreus) (Schmuck, 1992).  The plots were treated with
either a spray treatment at 0.75 kg.ha-1 of ME 605 40 WP, a wettable powder
formulation (33.7% ai), or a bait formulation spread at 74.45 kg.ha-1, containing
50 parts bran, 24 parts water and 0.45 parts of ME 605 40 WP.  There were four
replicates per treatment together with control plots.

The results show that both the bait and the spray formulation caused similar levels
of mortalities in the beetle populations, with 21 and 23 beetles in the bait and
spray treatments respectively being recorded as dead (out of total of 48 beetles per
treatment) at the end of the experiment (14 days).  There were three mortalities out
of 48 beetles in the control groups.  It is unclear as to the difference and relevance
to Australia given that neither the baits used nor the wettable powder is used in
Australia.  Nevertheless, as both the PMEC and the wettable powder are in
aqueous formulation, these results indicate that populations of beetles in fields
where parathion methyl is used could be significantly affected.
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Lacewing (Chrysoperla carnea)

The larvae of lacewings were exposed to a deposit of parathion methyl freshly
sprayed on glass plates, according to the IOBC guideline (Kühner, 1991).  A
wettable powder formulation was used at the recommended concentration (0.05%,
0.02% ai) and the spray was deposited on the glass at 1.46 mg.cm-2, corresponding
to a rate of 2.92 kg ai.ha-1, ie twice the maximum Australian rate.

A total of 45 larvae were maintained on the sprayed glass plates and fed daily.
The number of dead larvae was determined during the study period which
included the non-hatched imagos.  All the larvae on the treated glass surfaces died
after 6 days as compared to controls where 11% died.  Parathion methyl is rated as
very harmful to lacewing.

Predacious Mite (Typhlodromus pyri)

Protolarvae of the predacious mites were exposed to deposits of the micro-
encapsulated parathion methyl Parashoot on glass plates, using a methodology
based on the IOBC approved guideline (Candolfi, 1996).  The glass plates were
sprayed with the micro-encapsulated formulation at 360 g ai.ha-1, which is
approximately half the maximum application rate expected in orchards.  A
positive control using Parathion Ethyl EC was also used and applied to the glass
slides at 0.036%.

After 14 days, 9%, 36% and 63% mortality was observed in the control, parathion
methyl ME treatment and positive control respectively.  The mortalities observed
in the controls were within the expected range for these treatments.  There was a
statistically significant lower daily average in the production of eggs in the ME
treatment compared to controls for days 10-14.  However, the mean number of
eggs produced per female per days over the entire study for the ME treatment was
not statistically different from the control treatment.

The beneficial capacity (E-value), which was calculated according to IOBC
methods, was 26.2 and according to IOBC classification parathion methyl 450 g.L-

1 ME  is rated as “harmless”.  Environment Australia notes that the cumulative
percent mortalities were steadily increasing at 14 days (19%, 25%, 31% and 36%
after 3, 7, 10 and 14 days respectively) and therefore further observation could
have resulted in increased mortalities.  This would increase the E-value and thus
Parashoot is rated as harmless to slightly harmful by Environment Australia.

Parasitic wasp (Aphidius rhopalosiphi)

Adult wasps were exposed to deposits of the micro-encapsulated parathion methyl
Parashoot on glass plates in steel cages, following the IOBC approved guideline
(Candolfi, 1996 A).  The steel cages were ventilated at a wind speed of 0.4 to 0.8
m.s-1.  The glass plates were sprayed with the micro-encapsulated formulation at
360 g ai.ha-1, approximately half the maximum application rate expected in
orchards, and a positive control using Perfekthion (dimethoate) at 0.85 µL.L -1 with
2 mg of spray solution per cm2, together with blank control.
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After 24 hours of exposure to the glass slides, there was 9, 100% and 100%
mortality to the blank control, CS and dimethoate respectively.  No fecundity data
was obtained due to the 100% mortality of the wasps exposed to the ME.
According to the IOBC hazard rating, Parashoot is rated as harmful to Aphidius
rhopalosiphi.

Earthworms

There was no information presented on the toxicity of parathion methyl EC to
earthworms by the respondents to the ECRP data call in. As oxygen analogues of
parathion and parathion methyl are known to give similar levels of cholinesterase
inhibition in worms (Stenersen, 1979), the toxicities of the parents compounds are
likely to be similar.  Parathion has a LC50 (14 days) of 65 mg.kg-1 soil (Handley,
1993).

A study on the toxicity of the micro-encapsulated formulation ‘Parashoot’ to the
earthworm Eisenia foetida foetida was presented by Cheminova (van Erp, 1996).
This study was performed according to the relevant OECD, EEC and ISO
Guidelines.  The definitive test used nominal concentrations of 250, 450, 800,
1400, and 2500 mg.kg-1 of dry artificial soil, corresponding to 100, 180, 320, 560
and 1000 mg ai.kg-1 dry soil.  After 14 days of exposure there was 22.5% and 95%
mortality in the 450 and 800 mg.kg-1 soil and 100% mortality at higher
concentrations.  No mortalities occurred at 250 mg.kg-1 but all surviving worms
showed stiffness and were coiling.  This stiffness and coiling behaviour of the test
worms was noted in the range finding tests at 25 mg.kg-1 dry soil and above while
the stiffness of the worms alone was noted in the range finding study at 0.25
mg.kg-1 and above.

The LC50 was 520 mg.kg-1 dry soil (208 mg ai.kg-1 of dry soil) and the NOEC
(mortality) was 250 mg.kg-1 dry soil (100 mg ai.kg-1 dry soil).  Environment
Australia assigned the NOEC as <250 mg.kg-1, based on the stiffness and coiling
behaviour noted in the definitive test and notes that a NOEC of <0.25 mg.kg-1 is
likely based on the range finding results.

The major metabolite from hydrolysis and metabolism in soil, 4-nitrophenol, is
extremely toxic to earthworms, with an LC50 of 38 mg.kg-1 (artificial soil), tested
according to the EEC test guideline (Neuhauser, Loehr, Malecki, Milligan and
Durkin, 1985).
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Conclusion—Non-Target Invertebrates

Parathion methyl (EC formulation) is extremely toxic to bees by all routes of
exposure.  The micro-encapsulated formulation Parashoot is less toxic than the EC
formulation, although it is still rated as toxic to bees by contact exposure and
moderately toxic by oral exposure.  Residues of Parashoot on foliage were toxic to
bees in a force contact test for up to 8 days after application.  In field tests it was
shown that application of either the EC or Penncap-M, another micro-
encapsulated formulation, to rape, corn and sunflower crops and allowing bees to
forage immediately afterwards did not result in a significant difference in the
concentration of parathion methyl residues in pollen gathered by the bees.
However, while both showed significant toxic effects on the foraging bees, there
was a significant decrease in mortalities from Penncap-M during the first two
days.

No data on the toxicity to earthworms or other soil micro-invertebrates for the EC
formulation was presented or found by Environment Australia.  Based on the
similar toxicity of the oxygen analogues (oxons) forms of parathion and parathion
methyl, parathion methyl is expected to have a similar toxicity to earthworms as
parathion, which has an LC50 = 65 mg.kg-1 in artificial soil.  The toxicity of a
micro-encapsulated parathion methyl formulation (Parashoot) was determined as
LC50 = 520 mg.kg-1 dry soil (208 mg ai.kg-1 of dry soil) and the NOEC (mortality)
of 250 mg.kg-1 dry soil (100 mg ai.kg-1 dry soil).  However, Environment
Australia assigned the NOEC as <250 mg.kg-1 of soil, based on the stiffness and
coiling behaviour and noted that in the range finding study a NOEC of <0.25
mg.kg-1 in soil was possible, based on the stiffness of the worms noted at 0.25
mg.kg-1.

Parathion methyl (EC formulation) is very toxic to all the non-target invertebrates
(bees, lacewing and carabid beetles) tested.  Tests on Parashoot, a micro-
encapsulated formulation, showed it was harmless to slightly harmful to a
predatory mite and harmful to a parasitic wasp, according to IOBC criteria.

Mammals

Parathion methyl is extremely toxic to mammals by all routes of exposure and is
classified by the US EPA in Toxicity Category I, with LC50s of between 4.5 and
16 mg.kg-1 (US EPA Fact Sheet No: 117).  In Australia it is scheduled as S7.

Phytotoxicity

There is limited information on the toxicity of parathion methyl to plants.  The
toxicity to green algae is moderate, with EC50s of 3.0 mg.L-1 for Selenastrum
subspicatus (Table 22) and 5.3 mg.L-1 for Skeletonema castatum (see Table 23).
Parathion methyl is non-phytotoxic when used at the recommended rates but some
plants may show some injury (Tomlin, 1994).
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Summary of Ecotoxicity

Parathion methyl is a highly toxic organophosphate insecticide.  It is toxic to most
organisms and in particular aquatic invertebrates.

Avian

Parathion methyl (EC) is rated as very highly toxic to birds (bobwhite and
mallard) by the acute oral route (LD50 of 6.6 to 9.8 mg.kg-1) but the toxicity is
moderated when ingested as part of the diet (mallard ducks; LC50 of 357 mg.kg-1

actual, and quail LC50 of 91 mg.kg-1 nominal).  Effects on bobwhite quail
reproduction and significant number of mortalities were noted at 15.5 ppm (EC) in
the feed in a 20 week study, but at 14.7 ppm there were no effects on reproduction
or toxicity related effects on mallard ducks over the same period.

Field reports indicate that mixtures of parathion and parathion methyl has been
associated with several incidents of bird kills in the USA at rates similar to those
used in Australia but parathion, the ethyl analogue, is more likely to be the major
toxicant involved.

Laboratory studies simulating aerial overspray of birds in a crop with parathion
methyl, at rates similar to those used in Australia, showed that while none died the
level of cholinesterase inhibition was >50%, indicating that the birds had received
a potentially toxic dose.  The major route of exposure was mainly oral ingestion
through preening and by dermal adsorption of residues.  In tests designed to
determine the discrimination threshold, it was found that parathion methyl is not
repellent to birds but conditioned aversion occurs.  However, the chemical is
poorly detected by some individuals and with decreasing availability of
uncontaminated feeds, significant oral exposure is possible.

Parathion methyl has been associated with changed behaviours in ducks when
nesting ducks have been exposed (aerially oversprayed) at the highest Australian
rate in the field and under controlled conditions.  These behavioural changes
during nesting and brood development have been associated with reduced
duckling survival in some species of ducks, particularly those that are open
nesters.

The both microencapsulated formulations, Penncap-M and Parashoot, are rated as
highly toxic to quail and Penncap-M as moderately toxic to mallards but the
mallard results are not considered reliable.  There were no dietary studies
presented and the effect of dietary exposure from the ME formulations is unclear.
Based on a statement present by Colin Campbell, it is expected that the dietary
toxicity of the micro-encapsulated formulations is similar to the EC formulations.
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Aquatic

The toxicity to aquatic organisms is very high, especially to invertebrates.  The
reported acute toxicity to fish on the US EPA’s ASTER data base ranges from
LD50’s of 59 µg.L-1 for spot to 75 mg.L-1 for northern puffer fish, with the results
for spot considered reliable (see results in Table 23).  The submitted study shows
an LC50 of between 4 and 12 mg.L-1 for golden orfe.  Life cycle studies have not
been performed but the embryonic and larvae life stages of Sheepshead minnow
have been tested and the maximum acceptable tolerated dose was determined to
be between 12 and 26 µg.L-1.  The early life stages are considered to be normally
the most sensitive.  (Note that the acute to chronic ratio is very high, with the
acute LC50 = 12 mg.L-1, from Table 23).  Parathion methyl is extremely toxic to
invertebrates, with acute toxicity figures for daphnia and mysid shrimp (EC50) of
5.8 µg.L-1 and 0.34 µg.L-1 respectively.  The chronic toxicity to daphnia and
mysid shrimp has been determined and the MATC found to be between 0.43 and
0.85 µg.L-1 for daphnia and 0.11 to 0.37 µg.L -1 for mysid.  The acute to chronic
ratio for daphnia and mysid shrimp is lower than for fish.

The toxicity of parathion methyl to Australian freshwater crayfish is not available
but EC50 of 2.4 µg.L-1  and LC50 of 40 µg.L-1 to an American freshwater
crayfish species have been reported. These values ares old, nominal and are
considered not reliable.

Parathion methyl is moderately toxic to green algae, with EC50s of 3.0 and 5.6
mg.L-1 for two species of Selenastrum.

The Parashoot microencapsulated formulation of parathion methyl is significantly
less toxic to fish than the EC formulation in static testing.  However, there was no
significant difference in toxicities of the EC and the ME formulations in static
daphnia tests.  A similar result is expected for other sensitive aquatic
invertebrates.  At 100 mg.L-1 Parashoot is non-toxic to the algae Scenedesmus
subspicatus.

There were no tests provided for the Penncap-M encapsulation formulation to
aquatic organisms.  A daphnia study is said to be preparation but is some months
away from completion.  It is claimed by Colin Campbell that micro-encapsulated
formulation do not effect fish and aquatic fauna due to sedimentation.  The
Parashoot results refute this claim in respect of daphnia and presumably similar
feeding organisms.
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Non-Target Invertebrates

Parathion methyl (EC formulation) is extremely toxic to bees by all routes of
exposure.  The micro-encapsulated formulation Parashoot is less toxic than the EC
formulation, although it is still rated as toxic to bees by contact exposure and
moderately toxic by oral exposure.  Residues of Parashoot on foliage were toxic to
bees in a force contact test for up to 8 days after application.  In field tests it was
shown that application of either the EC or Penncap-M, another micro-
encapsulated formulation, to rape, corn and sunflower crops and allowing bees to
forage immediately afterwards did not result in a significant difference in the
concentration of parathion methyl residues in pollen gathered by the bees.
However, while both showed significant toxic effects on the foraging bees, there
was a significant decrease in mortalities from Penncap-M during the first two
days.

No data on the toxicity to earthworms or other soil micro-invertebrates for the EC
formulation was presented or found by Environment Australia.  Based on the
similar toxicity of the oxygen analogues (oxons) forms of parathion and parathion
methyl, parathion methyl is expected to have a similar toxicity to earthworms as
parathion, which has an LC50 = 65 mg.kg-1 in artificial soil.  The toxicity of a
micro-encapsulated parathion methyl formulation (Parashoot) was determined as
LC50 = 520 mg.kg-1 dry soil (208 mg ai.kg-1 of dry soil) and the NOEC (mortality)
of 250 mg.kg-1 dry soil (100 mg ai.kg-1 dry soil).  However, Environment
Australia assigned the NOEC as <250 mg.kg-1 of soil, based on the stiffness and
coiling behaviour and noted that in the range finding study a NOEC of <0.25
mg.kg-1 in soil was possible, based on the stiffness of the worms noted at 0.25
mg.kg-1.

Parathion methyl (EC formulation) is very toxic to all the non-target invertebrates
(bees, lacewing and carabid beetles) tested.  Tests on Parashoot, a micro-
encapsulated formulation, showed it was harmless to slightly harmful to a
predatory mite and harmful to a parasitic wasp, according to IOBC criteria.

6.  PREDICTED ENVIRONMENTAL HAZARD

6.1  Hazard arising from use

Parathion methyl is registered for use on citrus, pome fruit, stone fruit, grapevines,
vegetables, cotton, tobacco, clover seed crops and cruciferous forage crops, with
the major uses being for cotton and in orchards.  It is used to control mites, scale,
aphids, mealy bugs, lucerne fleas and thrips.  It is considered a ‘soft chemical’ and
is used as an integral part of IPM programs, especially by growers in the stone and
pome fruit industries.
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The maximum use rate is 2.8 L.ha-1, corresponding to 1.4 kg ai.ha-1 for
helicoverpa in cotton.  For orchards the maximum concentration is 100 mL.100 L-

1 of spray for scale (normally during winter dormancy for control of scale). The
current usage in pome fruit orchards is to control codling moth, light brown apple
moth and Oriental fruit moth in IPM programs at an application rate of 65 mL.100
L-1. Scale is normally controlled by application of winter oil and chemical sprays
are not encouraged.

For vegetable use, the rate is 65 mL.100 L-1 or 700 mL.ha-1 and is also for control
of various moths, mites, Jassids and various other bugs.

In orchards it is normal practice to spray to runoff, normally requiring 1500 to
2000 L.ha-1 of spray solution.  In extreme situations, for example dry conditions,
this could be as high as 3000 L.ha-1 to achieve complete wetting of the crop.
These figures correspond to typical application rates of between 500 g ai.ha-1 and
650 g ai.ha-1, but could be as high as 1000 g ai.ha-1.

The use pattern, as stated on the label, is as required for cotton, pome and stone
fruit, as necessary at weekly intervals for tobacco and every 10-14 days for
vegetable crops.  Parathion methyl could be applied up to 12 times per growing
season but typically 6-10 applications are made per season.  It should be noted that
some market gardening operations would have two crops per year, thus up to 20
applications per year are possible.

The current use in cotton is significantly different from that stated on the label.
Parathion methyl is now applied as a mixture with another pesticide, either a
pyrethroid or an organophosphate insecticide, to restore the ‘efficacy of the
pyrethroid or other OP’ and prevent the building up of resistant insects (personal
communication, Neil Forrester, Cotton Research Institute, Narrabri).  When used
this way, the application rate normally is 2 to 2.2 L.ha-1, equivalent to 1 to 1.1 kg
ai.ha-1.  Application occurs from January to the end of the season, with normally 4
mixed applications per season.

Parathion methyl is normally aerially applied to cotton (using micronairs on fixed
wing aircraft) and sometimes on tomatoes and brassica forage crops (unlimited
applications allowed but normally 4-5 would be the maximum in one season).

Traditionally application to orchards is by orchard air blasters using high volume
equipment.  However, many orchardists are now using low volume, and in some
cases electrostatic ultra low volume equipment.  As there are no directions on the
label for such equipment, growers convert the current label directions for
concentration of spray to a rate per hectare and apply that rate using the LV and
ULV equipment.
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Applications to vegetable crops is normally by horizontal boom spray but taller
crops, such as tomatoes and corn are sometimes sprayed using vertical boom
sprays.  Aerial application is used for some vegetable crops, especially processing
tomatoes.  Other sprayers are likely to be used in vegetable crops, particularly
hand held types for smaller growers or for small plots.  The application rate on the
label is 65 mL.100 L-1 or 700 mL.ha-1.

The labels bans aerial spraying in Tasmania (without specific approval of the
Registrar of Pesticides) and prevents the use of back-mounted knapsack
equipment in Victoria.

There is no information on types of spray equipment used or any information
concerning the use of low volume application equipment.  Information on
minimising spray drift—size of spray droplets etc., is also not given on the label.
Insecticides tend to be applied as either medium to fine droplets (300 to 100 µm)
with conventional spray equipment or as fine spray to coarse aerosol (100 to 25
µm) with LV, ULV and electrostatic equipment (Matthews, 1992).

The micro-encapsulated formulation Penncap-M is registered for application to
pome fruit, citrus and grapevines at 125 mL.100 L-1 of spray which corresponds to
450 to 600 g ai.ha-1 of micro-encapsulated parathion methyl (note lower rate than
for the EC above).  Use is for control of codling moth, light brown apple moth,
vine moth, scale, aphids, mealy bugs and loopers.

The proposed label for the micro-encapsulated formulation Parashoot (registration
was delayed due to the ECRP review), is for use in cotton, citrus, pome and stone
fruit, grapevines, vegetables, cruciferous forage crops, tobacco and clover seed
crops, ie all crops for which the EC formulation is registered.  The maximum use
rate is 1.4 kg ai.ha-1 for cotton, and for pome and stone fruit it is 110 mL.100 L-1

of spray, which corresponds to between 750 to 1000 g ai.ha-1.  The rate for
vegetables is normally 350 g ai.ha-1 but could be as high as 550 g ai.ha-1 for
Helicoverpa in beans and peas (Queensland only), as for EC above.

There is no information on method of application for the  micro-encapsulated
formulations on either label.  It is assumed that the normal methods of application
would apply, as discussed for the EC formulations above.  Thus Penncap is
expected to be restricted to application by orchard sprayers, while Parashoot could
be applied by any appropriate method, ie aerial for cotton.

The following hazard evaluation follows the US EPA approach (Urban and Cook
1986) to establish a Q-value from the ratio of the Estimated Environmental
Concentration (EEC) and lowest effects concentration, such as an LC50.  While
Environment Australia has no formal framework for assigning levels of hazard for
a given Q, it considers that the following would be an appropriate guide in this
assessment:
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For the establishment of hazard from acute toxicological end points under the
various scenarios (ie direct overspray and 10% spray-drift), if:

 Q>0.5 then hazard is unacceptable,

 0.1=Q=0.5 hazard may be able to be mitigated by some form of risk
management, such as label restraints for a specific use, and

—Q<0.1, hazard is considered low (and may or may not require some form of risk
management, such as general label restraints).

For the establishment of hazard for chronic exposure under the various scenarios,
—if using chronic data, Q>1 is unacceptable, and
—if using acute  data, Q>0.1 is unacceptable.

6.2 Terrestrial organisms

Mammals

Terrestrial animals are at risk from parathion methyl when applications of the
chemical are made or afterwards by contact with sprayed surfaces or from the
fumigant action of the insecticide.  Aerial applications could overspray larger non-
target organisms, such as marsupials but this is not considered a common
occurrence due to the low height of the spray aircraft at application, ie close to
crop height, and it is expected that these animals will move some distance from
the area where spray operations are occurring, while smaller mammals will be
undercover.  Similarly, overspray by tractor powered equipment is considered
unlikely as animals will move some distance from the area where spray operations
are occurring or be undercover.  Most mammals are not expected to be
oversprayed directly.

It is difficult to assess the risk to larger terrestrial organisms that enter sprayed
areas and are dermally exposed to residues.  Animals that enter recently sprayed
areas are at some risk of exposure but as there are few, if any, reports of dead or
dying animals, it is considered likely that the risk is relatively low.

Birds

Birds feeding on sprayed fruit could be exposed to residues of parathion methyl.
There are a number of bird species that are pests in orchards, grape vines etc.
These species include silvereyes, parrots, lorikeets, rosellas, cockatoos, starlings,
currawongs etc.  Birds are not normally a pest in vegetable crops but ducks can
occasionally be pests in lettuce crops (Leigh James, District Horticulturist NSW
Agriculture, personal communication).
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For fruit sprayed at 1 kg ai.ha-1, the highest rate likely to be used, the
concentration of parathion on the fruit is calculated as 13 mg.kg-1 wet weight (100
mg ai.kg-1 dry weight) from the modified Kenaga nomogram (Fletcher, Nellessen
and Pfleeger, 1994).  Using the dietary LC50 = 357 mg.kg-1 in the diet and
assuming that these species ingest approximately 50% of their dietary intake as
fruit, then Q = 0.02 (note single dose acute values are more toxic and the lack of
repellency).  Using the somewhat less reliable result for quail (LC50 = 91
mg.kg-1), Table 26 indicates that the hazard is still low (Q = 0.07).  Similarly, the
concentration on lettuce leaves is calculated as 121 mg.kg-1 (wet weight), and for a
duck with the above assumptions, the quotient is 0.17 using the EC50 of 357
mg.kg-1 and the hazard marginal.  As the dietary EC50 is based on 5 days of
exposure and it is likely that the initial residues will degrade rapidly, the actual
dose received will be lower and likewise the quotient will be lower.  However,
some caution should be applied as this is based on a single reliable acute dietary
result.

Concentration of
residues

Quotient Mallard,
LC50 357 mg.kg-1

Quotient Quail,
LC50 91 mg.kg-1

Fruit (large
insects)

13 mg.kg-1 0.02 0.07

Leafy crops 121 mg.kg-1 0.17 —*
Table 26.  Concentration of parathion methyl on various avian foods from Kenaga nomogram and
resulting quotient for birds, assuming birds consume 50% of treated fed.  Application at 1 kg ai.ha-

1.
* Quail do not eat leaves.

There shouldn’t be a significant increase in risk to birds from the direct effects of
use of the encapsulated formulations in fruit as they  are used at a lower rate than
above (Penncap) or are proposed to be used at the same as above.

Secondary effects on birds are possible from birds eating insects that are dead or
dying from use of parathion methyl.  Using the EPA food chain (Kenaga)
nomogram, the concentration of residues on large insects from applications at 1 kg
ai.ha-1 is 13 mg ai.kg-1 (wet weight, Fletcher, Nellessen and Pfleeger, 1994).  A
mallard consuming 70% of its diet as large insects and 30% as forage crops and all
food is contaminated (worst case), would receive 39 mg ai.kg-1 in the food.  Using
the acute dietary results above, Q = 0.11 for the worst case but assuming that 50%
of the food is untreated, Q = 0.05, and the hazard is expected to be minimal from
dietary intake of residues on insects.  However, again some caution should be
applied as this is based on a single acute dietary result.  Also, it is stated in the
registration package for Parashoot that it sticks to insects, which if true could
potentially increase the hazard to birds of the micro-encapsulated formulations.
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Birds remaining in a sprayed area or entering an area that has been recently
sprayed could be exposed either dermally or orally from preening contaminated
feathers (see p 45).  The literature reports toxicities resulting from such an
exposure at rates similar or slightly above that used in Australia.  This type of
exposure is difficult to estimate and given the hazard as indicated above, the
increment due to dermal and oral exposure from preening is not expected to cause
a significant increase in the overall hazard.

Aerial spraying could affect ducks and possibly other birds during their nesting
and when they are raising their broods (see p 46).  Cotton crops are normally
treated by aerial spraying and as cotton fields are close or near to rivers for
irrigation (50% of cotton farms are within 300 metres of rivers in the upper Namoi
and Macquarie river valleys, O’Brien, 1996), birds in the area and ducks breeding
in these rivers are at some risk.  It should be noted that parathion methyl is known
to affect duck behaviour with respect to breeding when oversprayed at 1.4 kg
ai.ha-1 (Brewer, Driver, Kendall, Zenier and Lacher Jr., 1988), which is the
maximum cotton application rate and just above the typical rate used, thus effects
could occur on localised bird populations in the cotton cropping area.

While it is unlikely that birds would be in the cotton fields, they are likely to be in
and around the dams and possibly field margins on the cotton farms.  Poorly
controlled aerial application could result in them being directly sprayed.  Fruit
crops are very rarely aerially sprayed but vegetable crops can be aerially sprayed if
the area is large enough.  Again birds are at risk if they are oversprayed, especially
during the breeding season.

As parathion methyl residues from the EC formulation decline rapidly, chronic
exposure of birds is considered unlikely.  According to available literature reports
and press reports, there have been few, if any, incidents of parathion methyl
poisoning of birds in Australia when used according to label directions.  While the
encapsulated formulation is likely to persist longer in the field than the EC
formulation, based on the bee studies, p 57, it is unlikely to persist long enough to
cause significant chronic effects.  Also, the acute toxicity results for the ME
formulations would tend to indicate that that the toxicity could be less but there
are no results from dietary studies for either micro-encapsulated formulation.  The
hazard from the micro-encapsulated formulation is uncertain but is not expected to
be significantly greater than that from the EC formulations.

In conclusion, while overall hazard to birds appears low, there are number of
uncertainties and sufficient reports from overseas of adverse effects in a variety of
situations that hazard from Australian usage of parathion methyl under certain
circumstances cannot be ruled out.
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Bees

Bees are at risk if spraying occurs when they are present in the crop.  Using the
lowest application rate in orchards (500 g ai.ha-1) and the method of Urban and
Cook, the estimated dose is 3 µg ai per bee, and from the EC50 of 0.04 µg ai per
bee (see p 56), the Q = 75. If bees are aerially oversprayed the hazard is expected
to be higher than that for orchards.  In order to limit the exposure of bees to the
pesticide, the crop should not be sprayed when there are bees present, when the
crop (or ground covers) are in flower or if likely to be in flower shortly afterwards,
ie within 3 days of spraying.  The same restriction should apply to the micro-
encapsulated formulations, given that the ME formulations are likely to be of
similar toxicity to bees.

Spray drift is expected to be extremely toxic to bees.  The spray drift studies (see p
26) showed that parathion was toxic to bees for up to 1200 metres away from the
site of aerial application (note very high rate, approximately 3.5 kg.ha-1), and for
orchard air blasters it was toxic up to 400 metres at a similar rate.  While the
toxicity of parathion is higher in dust tests than parathion methyl, LD50s of 0.175
and 0.465 µg/bee for parathion and parathion methyl respectively (Anonymous,
1967), parathion methyl would appear to be more toxic in the acute oral and
contact tests of Kovacs, LD50s for parathion methyl of 0.025 and 0.079 µg.L -1 and
for parathion 0.197 and 0.131 µg.L -1, respectively, expressed as the EC (500 g.L-1,
see 1997 NRA review for parathion for references).

It is clear that there is a significant hazard to bees from aerial application of
parathion methyl.  Using the contact LD50 from Kovacs, spray drift from aerial
application of parathion methyl is expected to be toxic to bees for at least 1200
metres.  Similarly, the spray drift from orchards air blasters is expected to be toxic
to bees for up to 400 metres.  It is noted that while the tests on which this
conclusion is based are somewhat artificial, ie six applications on the same swath,
they are considered to be a worst case for applications at approximately 0.6 kg
ai.ha-1 and some distance from the application site (see discussion in Appendix 1).

Based on the spray drift for parathion methyl EC formulation, spray drift from the
micro-encapsulated formulations are expected to be extremely toxic to bees.
While the toxicity of parathion methyl EC is higher than Parashoot in contact tests
(see p 56), LD50s for Parashoot indicate there isn’t a sufficient difference in the
contact toxicities to reduce the hazard to acceptable levels for these encapsulated
formulations.  Also, as the toxicity of Parashoot seems considerably prolonged in
the field (see p 57), the hazard from use of these encapsulated formulations could
be higher than from the EC formulations.  There are recent reports of application
of Penncap-M causing significant mortalities to bees (Victorian Report to RLC 12,
18-20 March 1997).

There are also recent reports of aerial application of parathion methyl causing
significant mortalities to bees, mainly in the Gunnedah area (J Mallen-Cooper,
personal communication).  One report states that cotton was aerially sprayed with
‘parathion’, with bee colonies nearby (Scott, 1997).  The apiarist claims that in
one colony 2/3 of the bees were killed from the chemical drift.  It is likely that the
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chemical used was parathion methyl, which is registered for use on cotton,
whereas parathion is not.  Growers often use the word parathion to refer to both
parathion and parathion methyl.

Soil Invertebrates

Earthworms and other soil dwelling invertebrates could be exposed to the
pesticide, and at an application rate of 1.0 kg ai.ha-1, the top 5 cm of soil would
contain parathion methyl EC residues at 1.5 mg.kg-1 of soil (assumes no crop
cover, density of soil 1300 kg.m-3).  As this concentration is significantly below
the EC50 for 4-nitrophenol, the major metabolite, and parathion methyl is likely to
be less toxic than the metabolite (see p 59 59), significant effects on earthworms
are not expected.  However, it should be noted the tested earthworm, Eisenia
foetida, is normally considered insensitive to chemicals.

For the micro-encapsulated formulation Parashoot, the top 5 cm would contain
residues at 2 mg ai.kg-1 of soil at the application rate of 1.4 kg ai.ha-1, the
maximum rate for cotton.  There is unlikely to be any mortalities of worms but is
should be noted that residues of Parashoot from all applications will be >0.25 mg
ai.kg-1 of soil and worms exposed to these residues could be effected, ie stiffer
than normal, based on the range finding studies (see p 59).  This could lead to
increase predation and reduces fitness and therefore be a significant environmental
hazard.

Other soil invertebrates may be significantly affected unless they can move away
from the sprayed areas or have become resistant to parathion methyl in the past.
There are no toxicity data available for these organisms and the hazard cannot be
determined.

Conclusion

While overall hazard to birds appears low, there are a number of uncertainties and
sufficient reports from overseas of adverse effects in a variety of situations that
hazard from Australian usage of parathion methyl under certain circumstances
cannot be ruled out.  The hazard to bees is high, particularly from aerial
application, and there is a possible hazard to soil invertebrates but there is no
toxicity data for these organisms.  Terrestrial mammals are not expected to show
significant affects when parathion methyl is used according to current label
directions.  There is a possibility that the micro-encapsulated formulations could
have effects on worms and lead to a possible environmental hazard but this based
on observations in a range finding study and is not reliable.  The micro-
encapsulated formulation is expected to have a similar hazard to other terrestrial
organisms as the EC formulation.

To strengthen the current warning label with regard to bees, the label for all
formulations should be modified to read:

Do not spray any plants in flower, including ground covers and adjacent foliage,
or while bees are present.  Spray drift is also highly toxic to bees and at
considerable distance.
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Aquatic organisms

Direct over spray

Aquatic organisms are the most sensitive to the toxic effects of parathion methyl,
based on the ecotoxicity data reviewed.  Direct application to a body of water 15
cm deep at a rate of 1.1 kg ai.ha-1 is calculated to give a concentration in the water
of 0.73 mg.L-1.  Even at the lowest rate, 500 g ai.ha-1 used in orchards, the
concentration in water is 0.33 mg.L-1 and the hazard to most aquatic organisms is
high.

Application by boomspray and orchard air blasters is unlikely to result in direct
overspray.  However, aerial application could lead to such direct overspray and is
of concern.  While a concentration of 0.73 mg.L-1 in shallow water from
application at a typical rate used in cotton is unlikely to cause mortalities in the
majority of fish species, based on the tests reviewed and results quoted in the
ASTER data base, sensitive species could be affected ie spot (Leiostomus
xanthurus) LC50 = 59 µg.L -1.  Due to the rapid half life of degradation in water,
chronic effects in fish are unlikely (see chronic effects below).

Effects on daphnia and other aquatic insects/invertebrates from direct overspray
are likely to be severe, with Q =125 for daphnia (EC50 =5.8 µg.L -1).  Similar
effects are likely on other aquatic invertebrates and using the somewhat unreliable
figure of 2.4 µg.L -1 as the LC50 for the crayfish Procambarus acutus, it indicates
that there could be a significant risk to freshwater crayfish.

Spray Drift

10% Spray drift onto pond

Spray drift is of major concern for aquatic organisms.  Using the US EPA
assumption that 10% spray drift occurs (Urban and Cook), this provides a
concentration of 73 µg.L-1 for a shallow pond 15 cm deep (rate 1.1 kg.ha-1, typical
rate expected for cotton)  This is close to the EC50 for the most sensitive fish,
spot (Q = 1.2, see comments on p 52) and above the EC50 for daphnia (Q = 13).
The quotient for mysid shrimp, the most sensitive organism tested with a reliable
endpoint (EC50 = 0.34 µg.L-1) is 215 and indicates a high hazard.  From the
scientific literature, it is also likely to be significantly above the LC50 for
freshwater crayfish, but there are no reliable endpoints for Australian freshwater
macro-crustacea.  [Freshwater macro-crustacea such as yabbies (Cherax
destructor) and the endangered species, Murray River crayfish and Tasmanian
White crayfish, are important Australian species.]

At the lowest rate for orchards, 500 g.ha-1, the concentration in shallow water (15
cm) from 10% spray drift is 33 µg.L -1. There is a hazard to sensitive fish species
(Q = 0.6) and a high hazard to aquatic invertebrates (Q = 5.7 for daphnia).
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The hazard to aquatic organisms from 10% spray drift is therefore considered to
be unacceptable and further refinements to more accurately determine the hazard
are required.

Realistic Spray Drift Scenarios
Aerial Applications
—Some land-use considerations
Aerial application is the normal practice for applying pesticides to cotton.  The
major cotton growing area in Australia is northern NSW and central Queensland,
with WA as a minor area.  Significant numbers of cotton fields are close to water,
and for the lower and upper Namoi, 36% and 48% of the fields are within 300
metres of a waterway respectively (O’Brien, 1996).  Other cotton growing regions
are likely to be similar with a high percentage of cotton fields within 300 m of
waterways.  Environment Australia recognises that some of these waterways are
drainage systems but a number are expected to be natural streams/rivers.

O’Brien (1996) gives some indication of the potential problems associated with
pesticide applications in the Namoi River, which is expected to be typical of the
major cotton growing areas.  Firstly, aerial applications are widely used on
irrigated farms because ground rigs can not easily access wet fields, and spray can
be applied comparatively quickly.  However, even in dryland cotton, 75% of the
total number of farmers aerially spray =50% of their farm with insecticides.  In
certain situations, this may be more of an environmental concern because these
farms are reliant on summer rainfall and subject to the vagaries of storms, do not
to practice water recycling and can be situated on old river channels more prone to
flooding.

Secondly, although aerial spraying should be practised under environmental
conditions which ensures minimum spray drift, in practice 3-10% of farmers (or
their aerial operators) would spray in “unfavourable”  conditions.  Further, 15-
20% of farmers (or their aerial operators) have sprayed during inversions,
although they would try and avoid such practices; reports of such practices
continue, but at reduced rates.  Farmers also spray under gusty conditions,
noticeably more so in dryland cotton (20%) compared to other cotton farmers (6-
7%).  If rain appeared likely, 77% of farmers in the Upper Namoi and 55% of
dryland farmers would continue to spray, compared to 11% and 13% of farmers in
the Macquarie Valley and Lower Namoi.

Thirdly, and the most disturbingly, O’Brien states that the “application of
pesticides while irrigating is almost common practice with as many as 90 per cent
of Lower Namoi farmers and 73 per cent of Upper Namoi farmers spraying while
water is in the furrows”.  Near 80% of farmers in the Macquarie Valley also do
this.  Also, most cotton farmers irrigate shortly after spraying, with few delaying
irrigation after a spray.  In essence, farmers irrigate and spray to suit the crop
requirements with little concern to modify irrigation and spray schedules to
mitigate off-site movement and effects of the applied chemicals.
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The cotton industry has recognised that farming practices must become more
responsive to community concerns, and has therefore worked with the Land and
Water Resources Research and Development Corporation (LWRRDC) to
implement a research program which is addressing the movement, fate and effects
of pesticides in the riverine environment.  The industry is also developing a Best
Management Practices Manual for Cotton Growers1, which was launched on 31
October 1997.  It sets out principles and practices for good communication,
pesticide application, farm design, IPM, and soil and water management.

Also, the NSW EPA draft environmental guidelines for irrigation farming (general
principles) clearly indicate their continuing commitment to minimum water usage
and containment of tailwater from irrigation.  In dealing with stormwater run-off,
however, the NSW EPA considers that while there is a need to prevent
contaminated water reaching rivers and other water bodies, there must be some
stormwater run-off to meet flow requirements of receiving waters (floods are
necessary for ecological “health” of the river systems).  They therefore have taken
a “cascade approach” where runoff would be discharged to holding or buffer areas
before preferential discharge to the receiving waters.

—Acute hazard

—Emulsifiable Concentrate

The data from spray drift studies (see p 26 above) is based on six applications on
the same swath, not a typical use pattern.  Using the data in Table 11 on the
percentage spray drift at a given distance, Appendix 3 illustrates a model based on
this data.  From the results in Appendix 3, Table 27 generated for the spray drift at
1.1 kg.ha-1, a typical application rate currently used in cotton.

As a comparison and to check the accuracy of the model in Appendix 3, Table 28
gives the concentration in water and quotient for daphnia, based on Table 13 and
is the statistical results for 36 different applications.  It should be noted that this is
for four parallel swaths and as a result could underestimate the spray drift under
more usual conditions of use.  (Spray drift in Australia for VLV applications is
expected to be similar, see p 26).

                                                
1 Published by the Australian Cotton Industry in association with the Australian Cotton Growers’
Research Association, Cotton Research & Development Corporation and Cotton Australia.  Further
information is available from 1) Allan Williams, Executive Officer, Australian Cotton Growers Research
Association, “Kia-Ora”, Narrabri, NSW 2390; or 2) Peta Slack-Smith, Projects Officer, Cotton Research
& Development Corporation, PO Box 282, Narrabri, NSW 2390
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Distance downwind
in metres

50 100 200 300 400 800

Spray drift, % of
application rate

5.1 1.8 1.06 0.84 0.71 0.27

EEC, in water 15 cm
deep µg.L-1

37.4 13.2 6.77 6.16 5.21 1.98

Quotient, Fish LC50 =
59 µg.L -1

0.6 0.2 0.1 0.1 0.09 0.03

Quotient, daphnia
EC50 = 5.8 µg.L -1

6.4 2.3 1.2 1.0 0.9 0.3

Quotient, mysid
shrimp LC = 0.34
µg.L -1

110 39 20 18 15 5.8

Table 27. Concentration of spray drift from aerial (VLV) at 1.1 kg.ha-1, together with possible
effect on daphnia.  Based on Appendix 1 and Table 11.  * Figure from Table 11.  Quotient is
EEC/EC50. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5

Distance down Cumulative percentage probability
wind, metres 25% 50% 75% 95%
91 6.6

1.2
8.8
1.5

13.2
2.3

22
3.8

152 2.4
0.39

3.7
0.63

4.4
0.78

7.3
1.3

305 0.73
0.12

1.1
0.16

1.6
0.27

2.6
0.44

Table 28.  Concentration of parathion methyl µg.L -1, in water 15 cm deep from application at 1.1
kg ai.ha-1 and corresponding quotient for daphnia (in bold).  Calculated from Table 13.  Dark
shading is Q > 0.5, light shading = 0.1<Q >0.5.

It should be noted that although Table 27 is approximate and the figures could be
considered “soft”, it is considered to represent the worst case.  Also, there are such
a large number of variables with respect to spray drift that the results still can only
be considered to be only indicative of the expected situation in the field.  Table 27
is modelled for 32 aerial applications side-by-side, while Table 28 has only four
applications side-by-side and therefore it is expected that spray drift used in Table
28 will be lower than Table 26.  With this in mind, Tables 27 and 28 are
approximately equal and the model used in Appendix 3 is considered to be
reasonable.  Both Tables indicate a potential hazard to daphnia and other more
sensitive organisms.
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As a worst case, ie spraying under still or windy conditions, the summarised
results from literature spray drift studies indicate that approximately 1% of the
application rate could be expected to occur as spray drift at a distance of 300
metres from the application site (Bird et al, 1996).  Using this figure the
concentration in water 15 cm deep is 7.3 µg.L -1 and the quotient for daphnia is
1.3, which is similar to the results in Table 27.  (Last year 4 out of 10 aerial
operators in the Namoi valley admitted spraying in adverse weather conditions
{O’Brien, 1996}).  Therefore the spray drift in Table 27 seems relatively common
and the hazard indicated would be indicative of the actual situation in the field.

—Further Refinements to Hazard
The above calculations were for water 15 cm deep, which is relatively shallow and
for lentic water bodies, ie ponds/billabongs.  While ponds etc are expected to be
deeper than 15 cm, this is a reasonable depth given that the edge and surface of
pond are likely to be the most productive (productive at depth is limited due to
turbidity and resulting low light levels).  For the major cotton growing areas;
Macquarie, Gwydir and Namoi river valleys in NSW and the Emerald and
Goondiwindi areas in Queensland, the maximum depth of rivers in these regions
would be around 1-2 metres.  However, it should be noted that these rivers are
turbid and often have little, if any flow, and could therefore be considered a series
of lentic billabongs.  As a worst case 30 cm deep water has been used in the
hazard calculations for Table 29.

From the metabolism studies the concentration in water decreased rapidly. In these
metabolism tests the level of parathion methyl fell to 13% and 11% of the applied
dose in the aerobic and anaerobic studies after 24 hours respectively, see Table 3
and 4 (p 15-16), due to both degradation and adsorption (note that the anaerobic
study result are for water + sediment).  Table 29 has the results from Table 27
mitigated by X 0.1, as an approximation for 13% and to allow for these processes
(after 2 days the concentration in water further decreased to 6.5% of the
application rate).

Distance downwind
in metres

50 100 200 300 400 800

EEC, in water 30 cm
24 hours after
application µg.L-1

1.87 0.66 0.34 0.31 0.26 0.1

Quotient, Fish LC50 =
59 µg.L-1

0.03 0.01 0.006 0.005 0.004 0.002

Quotient, daphnia
EC50 = 5.8 µg.L-1

0.32 0.12 0.06 0.05 0.04 0.02

Quotient, mysid
shrimp LC = 0.34
µg.L-1

5.5 2.0 1.0 0.9 0.8 0.3

Table 29. Concentration of spray drift from aerial (VLV) at 1.1 kg.ha-1 after 24 hours, mitigated by
adsorption and for 30 cm deep water, see text, together with possible effect on aquatic organisms.
Based on Table 27.  Quotient is EEC/EC50. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5.
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From Table 29 and considering that the slope of the curve for the acute toxicity to
daphnia is very steep (NOEC is only half the LC50), effects on daphnia are only
likely at approximately 50 metres or less from the site of application.  With
repopulation of the affected area occurring from unaffected areas and toxic effects
being of short duration, ie half life of 1.1 days, significant long term effects on
populations of daphnia are not expected.  However, other organisms may be at
risk, in particular the more sensitive.

From Figure 1 (p 57), it is clear that a number of aquatic invertebrates are
expected to be sensitive to parathion methyl residues at approximately 1 ppb,
therefore the mysid shrimp is considered to be a reasonable representative for
these other more sensitive organisms.  The quotient in Table 29 for mysid shrimp
clearly shows that there is a considerable hazard to beyond 400 metres from the
application site.

—Other Crops
The considerations above were for cotton and are expected to apply to other
situations where aerial application occurs.

—Microencapsulated Formulations
There was no information presented by either of the registrant/notifier for the
microencapsulated formulations.  While one of these formulations, Penncap-M, is
not expected to be aerially sprayed as it is for orchards crops only, Parashoot
includes cotton and vegetable crops that are aerially sprayed on the proposed label.
Assuming that aerial application of Parashoot gives the same spray drift as the EC
formulations, a similar hazard calculation to that in Tables 27 and 28 can be used
to give Tables 30 and 31.  Note, however, that the application rate used for
Parashoot in cotton is 1.4 kg ai.ha-1 and not the 1.1 kg ai.ha-1 used in Tables 27
and 28.  Also, as the active ingredient. in the microencapsulated material is slowly
released to the aquatic compartment, the effects are likely to be prolonged and
could result in chronic exposures, ie exposure for approximately 2 weeks, the
results in Table 30 and 31 are not moderated further.

Distance downwind
in metres

50 100 200 300 400 800

Spray drift, % of
application rate

5.1 1.8 1.06 0.84 0.71 0.27

EEC, in water 15
cm deep µg.L-1

47.6 16.8 9.9 7.8 6.6 2.5

Quotient, daphnia
EC50 = 4.5 µg.L -1

10.6 3.7 2.2 1.7 1.5 0.56

Table 30. Concentration of spray drift from aerial application of Parashoot at 1.4 kg.ha-1, together
with possible effect on daphnia.  Based on Table 27.  Quotient is EEC/EC50. Dark shading is Q >
0.5, light shading = 0.1<Q >0.5
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Distance down Cumulative percentage probability
wind, metres 25% 50% 75% 95%
91 8.4

1.9
11.2
2.5

16.8
3.7

28.0
6.2

152 3.1
0.68

4.7
1.0

5.6
1.2

9.3
2.1

305 0.9
0.21

1.4
0.31

2.0
0.46

3.3
0.73

Table 31.  Concentration of parathion methyl in water 15 cm deep from application at 1.4 kg ai.ha-

1 and corresponding quotient for daphnia for Parashoot in bold.  Based on Table 28.  Dark shading
is Q > 0.5, light shading = 0.1<Q >0.5.

Based on the hazards in Table 30 and 31, there is expected to be a significant
acute hazard to daphnia from aerial spraying of the microencapsulated formulation
beyond 300 metres from the site of application.  The comments concerning Table
27 and 28 for the EC formulation above should be noted.  This, together with the
possible chronic effects, indicates an unacceptable hazard to daphnia and as other
aquatic invertebrates are also likely to affected, aerially application of
microencapsulated formulations is considered unacceptable.

Ground Based Spraying

—Land Use Considerations

Pome fruits are grown in a number of locations with considerable variation in land
use adjacent to these crops.  No data exists for the occurrence of these crops close
to water bodies, but Environment Australia expects that ponds and drainage
channels (both man-made/modified or natural) would be a common feature of the
landscape in which pome fruits are grown, with subsequent movement of
parathion methyl into “natural” receiving waters such as swamps, marshes, lakes
and rivers.  Indeed, it is likely that man-made drainage channels would frequently
be within 10 m of the crop, but are of less concern than natural waterbodies
because of their expected lower biodiversity and ecological significance.

—Orchards Applications.
—Emulsifiable Concentrate
The data from spray drift studies (see p 26 above) are based on six applications on
the same swath, not a typical use pattern.  Using the data in Table 14 on the
percentage application at a given distance, Appendix 4 is a model based on this
data, as was done for the aerial application above.  From the results in Appendix
4, Table 32 is the spray drift for applications at 1000 g.ha-1, the maximum
application rate expected in orchards.
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Distance
downwind

Spray drift, %
of appl. rate

EEC, in water 15

cm deep µg.L-1
Quotient, daphnia

EC50 = 5.8 µg.L-1
Quotient,
mysid shrimp
LC50 = 0.34

µg.L-1

25 5.78 38.6 6.7 19.7
50 2.065 13.8 2.4 7.1
100 0.256 1.71 0.29 5.1
200 0.32 0.21 0.04 0.62
300 0.013 0.087 0.015 0.26
400 0.001 0.007 0.001 0.02

Table 32.  Estimated concentration of spray drift from orchard air blaster using an EC formulation
at 1.0 kg.ha-1 together with acute quotient for two aquatic invertebrates.  Quotient is EEC/EC50.
Dark shading is Q > 0.5, light shading = 0.1<Q >0.5.

The water depth in permanent streams/rivers is expected to be greater than 15 cm
and in the range 30-40 cm, therefore the hazard in Table 32 is considered to be too
high for a realistic Australian situation.  As there is no rate per hectare given on
the label and the actual rate is dependent on the volume of spray used, Table 33
has been calculated to allow for different application rates that are used. Table 33
is for the hazard at 50, 100, 200 and 400 away from the application site, chosen as
representative distances at which environmentally sensitive systems could be
expected to be from orchards, and for a lentic waterbody 30 cm deep.

Application Test Distance from orchard in metres
rate, g.ha-1 Organism 50 100 200 400
1000 daphnia 1.2 0.15 0.02 0.001

mysid 20 2.5 0.31 0.01
750 daphnia 0.9 0.1 0.01 —

mysid 15 1.9 0.20 0.008
500 daphnia 0.6 0.07 0.009 —

mysid 10 1.3 0.15 0.005
Table 33.  Quotient for daphnia and mysid shrimp at the various application rates possible for
orchards spraying from high volume EC.  Figures are for 30 cm deep water and more realistic for
significant Australian rivers/streams. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5

After 24 hours the concentration of parathion methyl in the water column is
reduced due to degradation and adsorption to sediment, as shown in the
metabolism studies (see Table 3 and 4).  In these metabolism tests the level of
parathion methyl fell to 13% and 11% of the applied dose in the aerobic and
anaerobic studies after one day respectively.  (Note that the anaerobic study results
are for water + sediment.)  Table 34 is the concentration in water after 24 hours
mitigated by X 0.1, as an approximation for 13% and to allow for degradation and
adsorption (after 2 days the concentration in water further decreased to 6.5% of
the application rate).
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Application Test Distance from orchard in metres
rate, g.ha-1 Organism 50 100 200 400
1000 daphnia 0.12 0.015 0.002 —

mysid 2.0 0.25 0.031 0.001
750 daphnia 0.09 0.01 0.001 —

mysid 1.5 0.19 0.02 —
500 daphnia 0.06 0.007 — —

mysid 1.0 0.13 0.015 —
Table 34.  Quotient for daphnia and mysid shrimp after 24 hours allowing for degradation and
adsorption.  Figures are for 30 cm deep water and at the various application rates possible for
orchards spraying from high volume EC. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5.

From Table 33 effects on daphnia populations are possible in lentic water bodies
closer than 100 metres from the orchard at the higher rates.  Even considering that
the toxicity curve is very steep, effects on daphnia are expected within 50 metres
of the edge of the orchard at the two higher application rates.  These effects are
likely to be severe at the highest rate, with significant mortalities unless the
daphnia can move to less affected areas of the water, ie downstream or into deeper
water.  Table 34 indicates that those areas that are significantly impacted, the
effects are of extremely limited duration (<24 hours) and repopulation from
unaffected areas would be expected to occur, limiting any longer term affects on
the total populations of daphnia.

As for aerial spraying case above, it is clear that a number of aquatic invertebrates
species are expected to be sensitive to parathion methyl residues at approximately
1 ppb (from Figure 1), therefore the mysid shrimp is considered to be a reasonable
representative of these other more sensitive organisms.

Table 33 shows that other more sensitive aquatic invertebrates are likely to be
significant impacted if they are within 100 metres of the orchard immediately after
spraying and the hazard does not decrease to acceptable levels (Q < 0.1) to beyond
200 metres away.  Even after 24 hours, there are still likely to be significant
effects on these sensitive aquatic organisms at 100 metres, particularly at the
highest rate (Table 34).  However, given the steep toxicity curve, after 1 day and
at the lower rates, 500 and 750 g.ha-1, the hazard is considered to be able to be
mitigated to an acceptable level by risk management steps eg label statements, at
100 metres but notat 50 metres.

The degradation of parathion methyl is rapid, half life of 1.1 days, so that after
another 24 hours, ie 2 days after spraying, the concentration is expected to be half
of that calculated in Table 34, and the quotient correspondingly reduced (eg 0.1
for 750 g ai.ha-1 at 100 metres). Effects on the most sensitive organisms are still
likely after 2 days at the highest rate but unlikely at the lowest rate.

—Other Considerations
Orchards are present in a range of land forms ranging from river flats to rolling
hill sides but mostly they require good drainage and therefore there is likely to be
drainage channels etc close to the orchards.  These drain into natural waterways or
ponds.  During periods of low flow natural streams are likely to be shallow and 15
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cm would appear to be a reasonable worst case.  At other times they are likely to
be deeper, ie 30-60 cm.  The effect of increased water depth has been considered
and is included in the ‘realistic’ factor used in Tables 33 and 34.

While the above hazard calculations are for ponds, a ‘pulse’ of contaminated
water is likely in flowing streams and the acute hazard calculations are used as an
approximation of this ‘pulse’.  For ponds receiving runoff from orchards or from
streams near orchards, further dilution is expected and as these ponds are likely to
be significantly deeper, the hazard should be reduced.  As this depends on the
other land uses in the area, hazard calculations for such situations are site specific
and a general case is difficult to derive.  However, it is expected that the hazard
will be less than that calculated for natural lentic ponds etc receiving water from
streams near orchards.

—Other Spray Equipment
The efficacy report clearly identifies that spray equipment other than the high
volume conventional sprayers is increasingly being used by orchardists.  The LV
and ULV equipment that are increasingly being employed have smaller droplet
sizes (vmd [volume median diameter] = 30-50 µm, Matthews, 1992) than the
spray used to generate the data in Table 13 (vmd 166 µm).  Non-electrostatic ULV
applications are of particular concern due to the higher potential for spray drift
from the smaller droplet size.  Environment Australia does not have data for the
spray drift from such equipment but considers that Tables 32-34 could
underestimate the spray drift and the distance at which sensitive aquatic
invertebrates could be affected (finer droplets move further horizontally than
coarse droplets).

Electrostatically charged sprays are expected to limit horizontal movement and
localise the spray to surfaces in and beside the orchard.  The spray drift is
expected to be less than that given in Tables 32-34.

—Microencapsulated Formulations
Both microencapsulated formulations are expected to be applied by orchard air
blasters.  As for the aerial application above, assuming that ground application of
the microencapsulated products gives the same spray drift as the EC formulations,
the hazard has been calculated as given in Table 33 and presented in Table 35.
Note that Penncap is sprayed between 450 to 600 g ai.ha-1 and the proposed rate
for Parashoot is 750 to 1000 g ai.ha-1.  As effects are likely to be more prolonged
and could result in chronic exposures, ie exposure for approximately 2 weeks, the
results in Table 35 are not moderated further.

Application Distance from orchard in metres
rate, g.ha-1 50 100 200 400
1000 1.4 0.18 0.024 0.0012
750 1.1 0.15 0.012 —
500 0.72 0.084 0.011 —

Table 35.  Quotient for daphnia at the various application rates possible for orchards spraying
from high volume ME application.  Figures are for 30 cm deep water and more realistic for
significant Australian rivers/streams. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5
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While Table 35 shows that there a significant hazard at 50 metres away for
application of the ME formulations, ie Parashoot, particularly at the higher rates,
the hazard rapidly decreases with increasing distance and is acceptable to
Environment Australia at 100 metres for applications of 500 g ai.ha-1 but not for
750 g ai.ha-1.

It is recommended that the application rate for Parashoot should be reduced, if
possible, to that of Penncap-M, ie 600 g ai.ha-1.

Applications by Boom Spray.
—Emulsifiable Concentrate
Recent literature reports have shown that as close as 1.7 metres to the spray boom
there is less than 2% spray drift for =95% of insecticide applications using cone
nozzles, even in winds of 20 km.h-1 (Longley, Cilgi, Jepson and Sotherton, 1997).
Another figure used by Environment Australia for spray drift from boom spray 5
metres away from the site of application is 1%, based on studies done on
herbicides (Marrs, Williams, Frost and Plant, 1989).  It should be noted that these
studies were performed using fan nozzles where as insecticides are sprayed using
cone type nozzles—it is assumed that this will not significantly change the amount
of spray drift that occurs.  Table 36 gives the quotients for daphnia and mysid
shrimp for boom spray application at 700 mL.ha-1, 350 g ai.ha-1 in 15 cm deep
water.

Distance from
boomsprayer

spray drift EEC
µg.L-1

Quotient,
daphnia
EC50 = 5.8 µg.L -1

Quotient,
mysid shrimp,
LC50 = 0.34

µg.L-1

1.7 metres 2% 4.66 0.8 1.6
5 metres 1% 2.33 0.4 0.8

Table 36.  Quotient for daphnia and mysid shrimp at 350 g ai.ha-1 for boom spraying.  Figures are
for 15 cm deep water. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5
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Table 36 clear shows that the spray drift from boom sprayers is significantly less
that from orchard air blasters under the same conditions.  Using similar arguments
as before for orchards, using deeper water (30 cm) and mitigation of the quotient
for both degradation and adsorption by X 0.1, the quotient for the worst situation
in Table 33 becomes 0.08 and the hazard is low.  Use of boom sprays for
application of parathion methyl is acceptable.

—Microencapsulated Formulations
Given that the toxicity of the microencapsulated formulations to daphnia are
expected to be similar to the EC formulation, application of the ME formulations
by boom spray are not expected to result in an increase in the acute hazard to that
of the EC formulations and therefore application by boom spray of the ME
formulations is acceptable.

Hazard to Algae
Parathion methyl is rated as moderately toxic to algae (EC50 of 3.0 mg.L-1, Table
22).  As direct application to water is not expected and the spray drift studies show
that the concentration in shallow water just 50 m downwind is 19 µg.L-1, greater
than two orders of magnitude below the algae EC50, effects on algae are unlikely.
Also, the microencapsulated formulations are not expected to effect algae given
the low toxicity of Parashoot (see p 55).

Chronic Effects
Once in the aquatic environment, parathion methyl is not expected to persist, with
a laboratory half-life of 1.1 days for the initial period of degradation.  The field
studies showed the degradation could be faster in more biologically active waters,
ie rice paddies.  This is expected to reduce the concentration of parathion in the
aquatic environment to approximately one hundredth of the initial dose in a week.
Chronic effects are not expected from spray drift.

Despite the rapid degradation, chronic effects on aquatic insects/invertebrates are
likely from direct overspray due to the high sensitivity of these organisms.  Using
the half life of 1.1 days, the concentration in water from overspray at 1.1 kg ai.ha-1

in 15 cm water is 730 µg.L -1  and after 7 days is calculated to be approximately 6
µg.L -1 (assuming no adsorption to sediment) and is likely to cause significant
chronic effects on aquatic invertebrates given that the MATC for daphnia is
between 0.35 and 0.85 µg.L -1 and that the rate of degradation slows down.  It
should be noted that although the slow down in the rate of degradation is due to
the pesticide being no longer bioavailable, the Kocs indicate a moderate adsorption
in non-sandy soils (see Table 6, p 15) and a residual concentration of pesticide is
likely in the water column.

Chronic effects are unlikely in aquatic organisms from spray drift.  Using aerial
spray drift at 50 metres as the worst case, the concentration in water was
calculated as 37 µg.L-1 (Table 27) and after 7 days the concentration decreases to
0.29 µg.L -1 (assuming no adsorption to sediment) which is just below the MATC
for daphnia and indicates that chronic effects are unlikely.

As there were no studies presented on the metabolism and degradation of the
microencapsulated products and Parashoot was very toxic to daphnia, chronic



NRA Review of Parathion-methyl – Environmental Assessment

Not to be used for commercial or registration purposes without prior consent of the owner of the cited information

210

effects from use of the microencapsulated formulations are possible. However, it
is noted that Parashoot settled out of the static test solutions in the aquatic
ecotoxicity testing and the effect on chronic toxicity of such settling is unclear.

Until additional studies are done on the metabolism and degradation of the micro-
encapsulated products, Environment Australia cannot determine whether use will
constitute a significant chronic hazard or not.

Runoff and Leaching
Runoff from areas where parathion methyl has been applied is not expected to be
significantly contaminated.  The Koc indicates at least moderate binding to soil
particles, which was confirmed in the aquatic metabolism study—within 24 hours
approximately 70% of the total parathion methyl remaining is adsorbed to the
sandy loam soil—and is unlikely to significantly partition to the water during
runoff.  The rapid degradation in soil will limit the time when erosion of soil with
parathion methyl adsorbed is likely to be problematical.  Further, significant
erosion of contaminated soil is not expected due to modern orchard and vineyard
management practices of including cover crops between rows.  Erosion in
horticultural (vegetable) crops is also not expected.  If heavy rain occurs within
days of the application, expected to be a rare event, high dilution is likely which
will limit environmental effects.

Leaching of parathion methyl to subsurface water is unlikely, as shown by the
column leaching studies for both the EC and ME formulations.

Multiple applications
—Emulsifiable Concentrate
The above analysis is for a single application but in practice there are expected to
be multiple applications.  According to the label these are ‘as required’ for
orchards and cotton and as such could theoretically occur within a day, ie 1 day
between applications. It is expected that in most situations there would be at least
7 days between sprays. For vegetables there is 10-14 days between applications.
Assuming the worst case, ie that there is no adsorption to sediment and the half
life in water is 1.1 days, then the increase in concentration after 7 days due to
carryover is 1.2%.  Given that adsorption is expected to occur, with the result that
most of the carryover is in the sediment, the concentration in water due to
carryover is expected to be insignificant.  Therefore a increase in acute toxic
effects on aquatic organisms from multiple applications is not expected, provided
there is at least 7 days between applications.
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However, the main problem is repeated effects on sensitive organisms and 7 days
between sprays would not allow affected populations to recover.  A recovery
period is required to minimise the impact of repeated applications, especially as
parathion methyl may be used up to 8 times a season (see efficacy report).  As
parathion methyl is most likely to affect aquatic invertebrates, a minimum
recovery period of at least 14 days between applications is required.  This
corresponds to 2 life cycles for daphnia, an important invertebrate in aquatic
ecosystems.

—Microencapsulated Formulations
The label for Penncap-M has a minimum period of 2 weeks between sprays and
the proposed label for Parashoot does not give a spray interval, apart for some
vegetable crops and tobacco of 10-14 days between applications.  As there were
no studies on the metabolism and degradation of the microencapsulated products,
the duration of the micro-encapsulated products in the environment is not possible
to determine.  Also, as Parashoot was very toxic to daphnia and there is a question
as to whether the ME formulation constitute a chronic hazard or not, it is not
possible to determine the affects of multiple applications.

The effect of multiple application of the ME formulations is unknown.

Conclusions for Aquatic Hazard
Overall, the major hazard appears to be from spray drift, with limited hazard
during runoff events.

Aerial Application

Using the figures from Table 27, the hazard to sensitive aquatic invertebrates is
unacceptable to beyond 800 metres. Even after a reduction of 90% of the original
concentration, due to degradation and adsorption, there is an unacceptable hazard
to mysid shrimp, used as a surrogate for other sensitive organisms, at over 400 m
from the application site.

It is clear from the efficacy report that parathion methyl is used by the cotton
industry as mixtures with other insecticides as an ‘efficacy restorer’.  As this
practice increases the efficacy and therefore the toxicity to insects in the crop, it is
also likely to increase the environmental hazard.  Environment Australia has
concerns about such use of parathion methyl.



NRA Review of Parathion-methyl – Environmental Assessment

Not to be used for commercial or registration purposes without prior consent of the owner of the cited information

212

A buffer zone or in-crop buffer is desirable, as given in the  newly launched Best
Management Practices Manual for Cotton Growers, which currently suggests a
downwind buffer of 300 metres for aerial applications.  While adoption of this
would reduce the hazard to environmentally sensitive areas, additional measures
such as vegetative buffers are required to reduce the hazard to more acceptable
levels, especially at the high rates used.  Until such measures are implemented
through the cotton industry as standard practice, aerial application of parathion
methyl is likely to cause significant impacts on sensitive aquatic organisms 400
metres and beyond from the application site.

In conclusion and taking into account the unknown effects of applications of
mixed insecticides, Environment Australia cannot rule out that an unacceptable
hazard exists through aerial application of parathion methyl in the current fashion,
due to both direct overspray and spray drift.  While we are aware of no actual
aquatic mortality incidents, the reports of bee deaths are a clear indication that
unacceptable spray drift occurs.  Continuation of this practice is thus difficult to
defend, through a ban at this stage would only lead to the greater use of equally
toxic and more persistent insecticides.  Clearly its use should be phased out as less
toxic chemicals become available.  In the mean time the recommendations in the
Best Management Practices Manual for Cotton Growers should be implemented
as soon as possible to help minimise the impacts of continued usage of parathion
methyl in the cotton industry, and information generated on the droplet sizes etc
from the mixed applications to allow a better estimation of the hazard.

Orchard Air Blast Equipment

The hazard to fish in shallow water is minimal from use of orchard air blast
equipment from typical drift levels at the highest rate used (1 kg ai.ha-1).  There is
a high hazard to daphnia at 50 metres away in shallow water from typical drift
levels at the highest rate, which is greater for the more sensitive aquatic
invertebrates, and only decreases to acceptable levels at 100 metres away and
beyond.  For the most sensitive aquatic invertebrates the hazard extends to 200
metres.  After 24 hours, there is still likely to be significant effects on these
sensitive aquatic invertebrates 50 metres away, particularly at the highest rate.

The degradation of parathion methyl is rapid, half life of 1.1 days, so that after
another 24 hours, ie 2 days after spraying, the concentration is expected to be half
of that calculated in Table 32, and the quotient correspondingly reduced (eg 0.1
for 750 g ai.ha-1 at 100 metres). Effects on the most sensitive organisms 50 metres
away are still likely after 2 days at the highest rate but unlikely at the lowest rate.
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Parathion methyl has been used for the last 30 years and large numbers of aquatic
invertebrates are likely to have been affected during this time.  While the
calculations clearly show that the hazard to sensitive aquatic organism is high,
past exposure of these aquatic organisms may be expected to have resulted in the
current populations being more tolerant to parathion-methyl. Considering the
above and that the most sensitive subpopulations are likely to have already been
significantly effected, it is recommended that the EC label rate be reduced to a
maximum of 650 g ai.ha-1, corresponding to 2000 L of spray solution at 65 mL per
100 L of spray of EC  product (500 g ai.L-1).

For orchards (especially citrus) with very large trees where a higher application
volume could be required, it is considered that in order to limit the environmental
damage the last 3 downwind rows should not be sprayed, ie an in-crop buffer.
This is based on evidence from citrus orchards indicating these rows are largely
responsible for the majority of the spray drift (Salyani and Cromwell, 1992).  We
would need to be confident, however, that compliance of this label requirement
could be enforced.

A potential hazard exist from use of parathion methyl in orchards using
conventional air blast equipment but this hazard is lower than with parathion, a
potential alternative chemical for IPM.  While this is mainly due to the more rapid
degradation, the some what lower toxicity of parathion methyl is a major factor
(EC50s for mysid shrimp = 0.062 and 0.34 µg.L-1 for parathion and parathion
methyl respectively).

Modern LV equipment used by some growers is of concern due to the higher
potential for spray drift from the small droplet size used.  Environment Australia
does not have data for the spray drift from such equipment but considers that
Tables 30-32 could underestimate the distance that the drift would affect (finer
droplets move further horizontally than coarse droplets).  Further information is
required before a conclusion about the hazard to aquatic organisms from such
equipment can be determined.

A recovery period is required to minimise the impact of repeated applications,
especially as parathion methyl may be used up to 8 times a season (see efficacy
report).  As parathion methyl is most likely to affect aquatic invertebrates, a
minimum recovery period of at least 14 days between applications is required.

Boom Sprayer

Table 33 clearly shows that the spray drift hazard from boom sprayers is
significantly less that from orchard air blasters under the same conditions.  With
mitigation of these effects for both degradation and adsorption after 24 hours,
effects on most the most sensitive aquatic invertebrates are expected to be limited
to waterbodies within 5 metres of the application site.  Use of boom sprays for
application of parathion methyl is acceptable.
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Microencapsulated Formulations

The above analysis is for the EC formulation but is likely to be similar when using
the encapsulated formulation.  It is clear from the ecotoxicity data reviewed that
the encapsulated formulation is less toxic to fish but of similar toxicity to daphnia.
Based on the toxicity results for daphnia, it is expected the encapsulated
formulation will show a similar toxicity to other aquatic invertebrates as the EC.

There are no data presented on the metabolism of the encapsulated formulation in
soil or aquatic conditions.  From the forced residue contact study with bees (p 57),
the encapsulated material could be more stable and therefore present a chronic
hazard.  In lentic waters, where physical/mechanic damage is minimal, this
conclusion is considered to be valid and there is potential for a chronic hazard.
Once the active ingredient is released the degradation and toxicity is likely to be
similar to the EC formulation.

Aerial application is likely to result in similar levels of environmental exposure as
for the EC, given the similar rates of application but with longer exposure of
sensitive organisms.  This is considered unacceptable and therefore registration of
the microencapsulated formulation for aerial application is not supported in this
review.

For orchard air blasters, as the rate is less than the 650 g ai.ha-1 (max 600 g ai.ha-1)
for Penncap-M and with the expected similar toxicity, it is not expected to present
a significant increase in the hazard beyond that of the EC formulation, based on
the current labels, and therefore its continued use is acceptable.  The other
microencapsulated products, Parashoot has a significantly higher rate, which was
is not supported and it is recommended that this higher rate is reduced to that of
Penncap-M.  Application of Parashoot by boom rig is supported.

However, due to possible chronic effects from use of the microencapsulated
formulations and the possible increase in use likely for these formulations,
Environment Australia cannot support expansion in use and the registration of
Parashoot for use on cotton until additional studies are done on the metabolism
and degradation of these formulations.  Aerial application is also considered to be
too hazardous until additional information is presented.

Desirable terrestrial vegetation

As parathion methyl is non-phytotoxic (Tomlin, 1994), except that some plants
may suffer slight injury (alfalfa, sorghum, some varieties of apples, pears, peach
leaves and some ornamentals), and direct application to desirable terrestrial plants
and vegetation is not expected, significant effects on desirable plants is unlikely.
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Hazard arising from formulation, handling and disposal

The hazard from formulation of the TGAC in Australia is expected to be minimal.
As this is expected to be done in suitable facilities, with relevant environmental
controls to limit environmental exposure and with waste water treated before
discharge to the environment—parathion methyl is expected to degrade during
normal sewage treatment—the environmental hazards are expected to be minimal.
Any spills are expected to be cleaned up and treated according to the MSDS.

7. CONTROLS/LABELLING

Parathion methyl must not be allowed to contaminate waterways.

Transport

The material safety sheet contains adequate information and instructions for
containing and disposing of spills during transport.

Storage

With respect to storage, the labels are satisfactory.

Use

The labels are not satisfactory for instruction on use.  If aerial application is to be
retained, the following warnings should be added to the label under the heading of
‘Use’:

 “A spray drift minimisation strategy should be employed at all times when
applying sprays to or near sensitive areas. Parathion-methyl is highly toxic and
all efforts should be taken to minimise spray drift. The strategy envisaged is
exemplified by the Austrlaian Cotton Industry Best Management Practices
Manual.”

If registration is to continue for any formulation, the following warnings should be
added to all labels under the heading of ‘Use’:

DO NOT apply under meteorological conditions or from spraying equipment
which could be expected to cause spray drift onto natural streams, rivers or
waterways.  Parathion methyl is highly toxic and all efforts should be taken to
minimise spray drift.

Do not spray any plants in flower, including ground covers and adjacent foliage,
or while bees are present.  Spray drift is also highly toxic to bees and at
considerable distance.
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Disposal

Some of the labels from different companies do not appear to comply to current
labelling practices with respect to rinsing and disposal of used containers.  All
currently registered labels and currently sold products should comply with the
current labelling requirements with respect to rinsing and disposal of containers, ie

Triple rinse or pressure rinse empty containers before disposal.  Add rinsings to
the spray tank.  Do not dispose of undiluted chemical on site.  Break, crush or
puncture and bury empty containers in a local authority landfill.  If not available,
bury the containers below 500 mm in a disposal pit specifically marked and set up
for this purpose, clear of waterways, vegetation and roots.  Empty containers and
product should not be burnt.

For refillable containers the following should be added:

Empty contents fully into application equipment.  Close all valves and return to
point of supply for refill or storage.

8. OVERALL ENVIRONMENTAL CONCLUSIONS

Parathion methyl is an organophosphate and is very highly toxic to aquatic
invertebrates, birds and mammals.  It is considered a ‘soft chemical’ and is used in
cotton, orchards and vegetables to control a range of insects including aphids,
caterpillars, helicoverpa spp, moths, butterflies, mites, weevils, jassids, budworm
and scale.  Parathion methyl is an integral part of IPM programs, especially in the
stone and pome fruit industries.

Parathion methyl readily degrades in natural systems, with the first half-life of
approximately 1 day in aqueous conditions, both aerobic and anaerobic.  It
degrades in soil but the process is slower, with a half-life of 4.7 days. Parathion
methyl is moderately bound to soil and together with the rapid degradation is not
expected to leach.

Parathion methyl is sufficiently volatile to have a fumigant effect, and
volatilisation is expected to be a significant method of loss, particularly from
foliage.  When it deposits on soil, parathion methyl will be bound to the soil and
volatilisation is limited.  Once volatilised it is expected that most of the volatilised
material will be degraded or redeposited.  Degradation in the air from UV is fast,
with a calculated half-life of <1 day.

The chemical is very highly toxic to birds, mammals and aquatic invertebrates.  Its
toxicity to birds decreases when it is incorporated into the diet, therefore the
environmental toxicity depends on the route of exposure.  Birds and mammals are
not expected to be significantly exposed to the chemical unless they enter an area
recently sprayed.  However, the direct application of parathion methyl to aquatic
systems is expected to significantly affect aquatic invertebrates and must be
avoided.
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Spray drift from aerial applications present a very significant hazard to aquatic
invertebrates and at considerable distance from the site of application. A buffer
zone or in-crop buffer is highly desirable, as given in the newly launched Best
Management Practices Manual for Cotton Growers, which currently suggests a
downwind buffer of 300 metres for aerial applications.  While this would
significantly reduce the hazard to environmentally sensitive areas, additional
measures such as vegetative buffers are required to reduce the hazards to more
acceptable levels.  Until such measures are implemented through the cotton
industry as standard practice, aerial application of parathion methyl is likely to
cause significant impacts on sensitive aquatic organisms to 400 metres from the
application site.

Also, it is clear from the efficacy report that parathion methyl is used by the cotton
industry as mixtures with other insecticides as an ‘efficacy restorer’.  This use of
parathion methyl as a ‘efficacy restorer’ is expected to increase the hazard and
Environment Australia has considerable concerns over such uses.

In conclusion, and taking into account the unknown effects of applications of
mixed insecticides, Environment Australia cannot rule out that an unacceptable
hazard exists through aerial application of parathion methyl in the current fashion,
due to both direct overspray and spray drift.  While we are aware of no actual
aquatic mortality incidents, the reports of bee deaths are a clear indication that
unacceptable spray drift occurs.  Continuation of this practice is thus difficult to
defend, though a ban at this stage would only lead to the greater use of equally
toxic and more persistent insecticides.  Clearly its use should be phased out as less
toxic chemicals become available.

In the mean time the recommendations in the Best Management Practices Manual
for Cotton Growers should be implemented as soon as possible to help minimise
the impacts of continued usage of parathion methyl in the cotton industry.
Information on spray drift from mixed applications should also be provided.

Calculations for the spray drift from conventional high volume orchard air blast
equipment shows there is a high hazard to daphnia at 50 metres away in shallow
water at the highest rate (1 kg ai.ha-1) and only decreases to acceptable levels at
100 metres away.  For the more sensitive aquatic invertebrates the hazard extends
to 200 metres.  After 24 hours, there is still likely to be significant effects on these
sensitive aquatic invertebrates 50 metres away, particularly at the highest rate.
The degradation of parathion methyl is rapid, half life of 1.1 days, so that after
another 24 hours, ie 2 days after spraying, the concentration is expected to be
halved and the hazard correspondingly reduced.  Effects on the most sensitive
organisms 50 metres away are still likely after 2 days at the highest rate but
unlikely at the lowest rate.
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Parathion methyl has been used for the last 30 years and large numbers of aquatic
invertebrates are likely to have been affected during this time.  While the
calculations clearly show that the hazard to sensitive organisms is high, past
exposure of these aquatic organisms may be expected to have resulted in the
current populations being more tolerant to parathion-methyl. Considering the
above and that the most sensitive subpopulations are likely to have already been
significantly effected, it is recommended that the label rate be reduced to 650 g
ai.ha-1, which corresponds to 2000 L.ha-1 for application dilutions of 65 mL/ 100L.

For orchards (especially citrus) with very large trees where a higher application
volume could be required, it is considered that in order to limit the environmental
damage the last 3 downwind rows should not be sprayed, ie an in-crop buffer.
This is based on evidence from citrus orchards indicating these rows are largely
responsible for the majority of the spray drift.  We would need to be confident,
however, that compliance of this label requirement could be enforced.

A potential hazard exists from use of parathion methyl in orchards using
conventional air blast equipment but this hazards is lower than with parathion, a
potential replacement chemical for IPM.  This is due to the more rapid
degradation and the somewhat lower toxicity of parathion methyl (EC50s = 0.062
and 0.34 µg.L-1 for mysid shrimp, for parathion and parathion methyl
respectively).

Environment Australia does not have data for the spray drift from LV equipment
but considers that the spray drift could  be higher than that from conventional
equipment (finer droplets move further horizontally than coarse droplets).
However, the spray rates for such LV equipment can be significantly lower which
may reduce the hazard from spray drift.  Further information is required before a
conclusion about the hazard to aquatic organisms from such equipment can be
determined.

Due to the relatively limited spray drift hazard that occurs with use of boom-
sprayers, normally used for vegetable crops, use of parathion methyl in vegetable
crops is acceptable to Environment Australia.

The currently registered uses of Penncap-M are considered to have a similar levels
of hazard as the EC formulations.  While there could be a higher chronic hazard
from use of Penncap-M, the overall hazard is considered acceptable due to the
lower application rates.

For Parashoot, the microencapsulated formulation of parathion methyl delayed
due to this ECRP review, it has been recommended that registration is allowed for
use in vegetable crops by boom spray application and to image Penncap-M, ie use
in stone and pome fruit.  However, due to possible chronic effects from use of the
microencapsulated formulations and the possible increase in use likely for these
formulations, Environment Australia cannot support further expansions in use
until additional studies are done on the metabolism and degradation of these
formulations.  Aerial application is also considered to be too hazardous until
additional information is presented.
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Environment Australia therefore draws the following overall conclusions:

1. If aerial application is to be retained, the following warnings should be added
to the label under the heading of ‘Use’:

 
“A spray drift minimisation strategy should be employed at all times when
applying sprays to or near sensitive areas. Parathion-methyl is highly toxic and
all efforts should be taken to minimise spray drift. The strategy envisaged is
exemplified by the Austrlaian Cotton Industry Best Management Practices
Manual.”

 

Also, if the use of parathion methyl as a ‘efficacy restorer’ in the cotton
industry is continued, this use pattern should be fully registered with
additional data related the toxicity of the tank mixes to aquatic organisms
to clarify the hazard of such mixes.
 

2. For cotton, aerial application of parathion methyl should be phased out as less
toxic alternatives became available.

3. The application rate for use in orchards is reduced to = 650 g ai.ha-1 in order
to limit the effects on aquatic invertebrates to acceptable levels.  This
corresponds to 2000 L.ha-1 of spray for dilutions of 65 mL per 100L.

4. Further information is required on the spray drift from ground based LV and
equipment before Environment Australia can draw a conclusion about the
hazard to aquatic organisms from use of this equipment.

5. The use rate for ground based LV equipment should be stated on the label.
6. Environment Australia recommends that parathion methyl should be used for

IPM in preference to parathion when ever possible.
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In addition the following warnings should be added to all labels under the heading
of ‘Use’:

DO NOT apply under meteorological conditions or from spraying equipment
which could be expected to cause spray drift onto natural streams, rivers or
waterways.  Parathion methyl is highly toxic and all efforts should be taken to
minimise spray drift.

Do not spray any plants in flower, including ground covers and adjacent
foliage, or while bees are present.  Spray drift is also highly toxic to bees and
at considerable distance.

All currently registered labels and currently sold products should comply with the
current labelling requirements with respect to rinsing and disposal of containers, ie

Triple rinse or pressure rinse empty containers before disposal.  Add rinsings
to the spray tank.  Do not dispose of undiluted chemical on site.  Break, crush
or puncture and bury empty containers in a local authority landfill.  If not
available, bury the containers below 500 mm in a disposal pit specifically
marked and set up for this purpose, clear of waterways, vegetation and roots.
Empty containers and product should not be burnt.

For refillable containers the following should be added:

Empty contents fully into application equipment.  Close all valves and return to
point of supply for refill or storage.
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APPENDIX 1

Aerial Application

Table 11 is not a realistic case.  In normal practice successive rows of cotton are sprayed
and the spray drift down wind is the sum of the drift from each successive row.
Assuming a cotton field is 800 metres square and there are 25 metres between spray
swaths, then the spray drift for each row is calculated using the percentage spray drift in
Table 11. For intermediate values between data points in Table 11, linear interpolation
has been used, ie 75 metres.  The cumulative spray drift for a given point downwind is
then calculated by summing the percentage drift for all points equal to or further away.

The results of the exercise is graphed in Figure 2.

Distance from edge % spray drift, rate 3.3
kg.ha-1

Cumulative spray drift

25 3.3000 8.4040

50 2.1000 5.1261

75 1.2000 3.0474

100 0.3000 1.8678

125 0.2440 1.5873

150 0.1890 1.3619

175 0.1330 1.1906

200 0.0770 1.0745

225 0.0715 1.0135

250 0.0660 0.9571

275 0.0605 0.9054

300 0.0550 0.8583

325 0.0495 0.8158

350 0.0440 0.7779

375 0.0385 0.7446

400 0.0330 0.7160

425 0.0324 0.6920

450 0.0318 0.6596

475 0.0311 0.6279

500 0.0305 0.5968

525 0.0299 0.5663

550 0.0293 0.5364

575 0.0286 0.5071

600 0.0280 0.4785

625 0.0274 0.4505

650 0.0268 0.4231

675 0.0261 0.3964

700 0.0255 0.3703

725 0.0249 0.3448

750 0.0243 0.3199

775 0.0236 0.2956

800 0.0230 0.2720

Table 33.  Spread sheet for calculation spray drift under more realistic conditions  .
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Figure 2.  Graphed results of summation of spray drift.

Using the cumulative information in Table 33 and comparing with Table 13 for the
corresponding distances, the spray drift would appear reasonably similar for distances at
100 m and 150 m but not at 300 m, where Table 33 is higher.  Therefore for
distancesfurther than 300 metres, the model results in Table 33 are consider to be worst
case.

Noted that this data was generated in studies using a droplet size considerably larger
than that used in Australia and as a result may underestimate the spray drift hazard
under Australian conditions.

APPENDIX 2

High Volume Orchard Spraying

Table 14 is not a realistic case.  In normal practice successive rows of trees are sprayed
and the spray drift down wind is the sum of the drift from each successive row.
Assuming an orchard has 400 metres of trees and there are 25 metres between spray
swath, then the spray drift for each row is calculated using the percentage spray drift in
Table 14.  [It is acknowledged that 4-6 metres is typical distances between pome fruit
tree rows but as there is no data for pome fruit trees and the effect of the different type
of trees is unknown (walnut trees have an open canopy and wide spacing between trees,
were as pome fruit orchards are normally small trees with a almost enclosed canopies),
25 metres was chosen for the reasonable results obtained and the ease of calculation.]
For intermediate values between data points in Table 14, linear interpolation has been
used, ie 75 metres.  The cumulative spray drift for a given point downwind is then
calculated by summing the percentage drift for all points equal to or further away.

The results of the exercise is presented in Table 34 andgraphed in Figure 3.
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Distance Parathion,
µg/cm2

% Total rate,
3.6 kg.ha-1

Cumulative
spray drift

25 1.34 3.722 5.787
50 0.424 1.178 2.065
75 0.227 0.631 0.887
100 0.031 0.086 0.256
125 0.02377 0.066 0.170
150 0.01654 0.046 0.104
175 0.00931 0.026 0.058
200 0.00208 0.006 0.032
225 0.0018839 0.005 0.027
250 0.0016878 0.005 0.021
275 0.0014917 0.004 0.017
300 0.0012956 0.004 0.013
325 0.0010995 0.003 0.009
350 0.0009034 0.003 0.006
375 0.0007073 0.002 0.003
400 0.000511 0.001 0.001

Table 34.  Spread sheet for calculation spray drift under more realistic conditions.
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Figure 3.  Graphed results of summation of spray drift.


