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1. INTRODUCTION

The sources of information the National Occupational Health and Safety
Commission (NOHSC) used in this review include industry registrants, National
Registration Authority for Agricultural and Veterinary Chemicals (NRA)
performance questionnaires initiated as part of the review, NRA Efficacy
Assessment, Department of Health and Family Services (DHFS) and
Environment Australia (EA) reviews and the published literature.

2.  TOXICOLOGY

2.1  Toxic end points

This section describes the toxic end points used in the occupational risk
assessment.  The information derives from the DHFS report “Review of the
Mammalian Toxicology and Metabolism/Toxicokinetics of Parathion-Methyl”
(DHFS, 1997).

Technical parathion-methyl is of high acute toxicity.  The lowest oral LD50 is
2.9 mg/kg (rat, male), lowest dermal LD50 44 mg/kg (rat, female, after 24 hour
contact) and lowest inhalation LC50 34 mg/m3 (male rat, 4 hour, nose only
exposure).  It is a slight skin irritant and eye irritant in rabbits.  Parathion-methyl
appears to have low skin sensitising potential.

An emulsifiable concentrate (EC) formulation of parathion-methyl exhibited a
high acute oral toxicity (oral LD50 13 mg/kg calculated as EUP, male rat), and
moderate dermal toxicity (dermal LD50 635 mg/kg, female rat, calculated as
active ingredient).  It was a slight skin and eye irritant, but not a skin sensitiser.

A microencapsulated (ME) formulation (ME 240 g/L, identical with the
registered parathion-methyl formulation) demonstrated a low oral toxicity (oral
LD50 >5000 mg/kg, male and female rats, calculated as EUP).  Dermal
application of 2500 mg/kg in male and female rabbits did not result in any
deaths.  It did not cause skin or eye irritation in rabbits nor skin sensitisation in
guinea pigs.  The DHFS report indicates that due to the lack of stability data on
the ME formulation, possible increases in acute toxicity for “aged” compound
and/or product could not be assessed.  Additional stability studies are underway,
but results are not yet available (see Section 2.1.1).  The registrant of the ME
product states that the capsules are not altered after oral ingestion and are
excreted largely unchanged.  No longer-term studies were available for the ME
formulation.

No trend was evident from animal studies as to a species difference in
sensitivity to parathion-methyl.  Acute toxicity studies demonstrated a
sensitivity according to gender, with males being more sensitive than females.
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In a rat acute neurotoxicity study, a No-Observable-Effect-Level (NOEL) of
0.025 mg/kg was determined for depression of cholinesterase (ChE), with acute
neurological effects, typical of ChE inhibition, observed at 7.5 mg/kg (next dose
tested) and above.  A subchronic (13 week) rat neurotoxicity study
demonstrated a NOEL of 0.02 mg/kg/d for depression of red blood cell (RBC)
ChE seen at the next dose (0.23 mg/kg/d).

Measurements of plasma, RBC and brain ChE activity in a variety of studies
did not reveal a clear hierarchy of inhibition by parathion-methyl.  Brain ChE
was significantly depressed in all studies, in concert with RBC and plasma
activities.

Parathion-methyl is associated with acute neuropathies caused by inhibition of
ChE.  In addition, the DHFS report determines that there is evidence of
parathion-methyl induced dose-related peripheral neuropathy.  Histopathology
findings (foci of myelin vacuolation and fragmentation, sometimes associated
with glial cell clusters and phagocytosis of myelin) are a more sensitive
indicator of this neuropathy than neurobehavioural changes.  One- and two-year
rat studies demonstrated myelin bubbling, formation of myelin ovoids and
Schwann cell proliferation in the proximal sciatic nerve, at doses below those
which caused ChE depression.  The NOEL established for neuropathological
effects in the 1 year rat study was 0.02 mg/kg/d, while the NOEL for depression
of plasma and brain ChE was 0.1 mg/kg/d and 0.5 mg/kg/d for depression of
RBC ChE.

The standard hen test failed to detect evidence of delayed neuropathy, hence it is
suggested that this may be due to a species difference or a mechanism unrelated
to Neuropathy Target Esterase (NTE) inhibition.

Human volunteers tolerated doses of parathion-methyl up to 0.3 mg/kg/d for 30
days without clinical signs.  However, doses of approximately 0.45 mg/kg/d
induced a decrease in RBC ChE levels.

It was noted that acute poisoning victims, presumably exposed to parathion-
methyl on a single occasion, demonstrated persistent muscle weakness and
altered electromyography changes indicating impaired neuromuscular
transmission.  These effects occurred following extreme plasma and RBC ChE
inhibition.  This may provide additional evidence of the neurotoxic potential of
parathion-methyl.
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An acute reference dose of 0.03 - 0.04 mg/kg/d was determined from a 4 week
mouse dietary study (NOEL 3.75 mg/kg/d), based on significant body weight
reduction and incorporating a 100-fold safety factor, and a 30 day human dietary
study (NOEL 0.3 mg/kg/d) based on RBC ChE inhibition and incorporating a
10-fold safety factor.  This dose reflects safe/acceptable exposure from a single
or short exposure to parathion-methyl.

Paraoxon-methyl is the major degradation product of parathion-methyl.  It is of
similar acute toxicity to parathion-methyl with an acute oral LD50 of 3.2 mg/kg
(rat) (RTECS, 1997).

2.1.1  Additional toxicological data

Two concurrent subacute (21 day) studies comparing the relative dermal
toxicities of parathion-methyl EC and ME (ME 240 g/L) formulations in rabbits
were submitted in October 1997, by Colin Campbell (Chemicals) Pty Ltd.

No NOEL could be established for either of these studies.  The DHFS conclude
that both studies are unsuitable for regulatory purposes.

In October 1997, Colin Campbell (Chemicals) Pty Ltd indicated that a study is
currently underway to determine the storage stability of Penncap-M.  Interim
results indicate that <1.5% of the active ingredient is present outside of the
capsules at the beginning of the test.  This amount did not increase over time,
regardless of test conditions.  The final report is expected to be available
shortly.

Conclusion

The additional toxicological data does not warrant revision of the OHS
assessment at this stage.

2.2  Dermal absorption data

No data was available on the dermal penetration of parathion-methyl in animals
or humans.  Data on the skin absorption of parathion-ethyl indicated that
approximately 10% would be absorbed in humans by the dermal route.  In the
absence of data on parathion-methyl, considering the similarity between the two
chemicals and the lower acute dermal toxicity in the rat in comparison with the
acute oral toxicity in the rat, a default of 10% is used in this report for the
dermal penetration of parathion-methyl.
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The release of the active ingredient following skin contamination with the ME
formulation of parathion-methyl is unknown.  The chemical is not released from
wet/damp capsules.  However, it is evident that parathion-methyl is available for
absorption within approximately one hour (when capsules dry).  While acute
data may indicate that the active ingredient becomes available for absorption
over a longer period it is not possible to deduce what impact this may have on
available active ingredient over a working day or how passage through
protective clothing influences the form ultimately available for absorption.

Hence in the absence of data, this report uses the same dermal absorption rate in
humans (10%) for both EC and ME forms of parathion-methyl, however this is
a “worst-case” assumption for ME.

2.2.1  Additional dermal absorption data

Cheminova Australia Pty Ltd submitted an in-vitro dermal penetration study
with rat skin using an ME formulation of parathion-methyl (ME 450 g/L) in
October 1997.

The DHFS conclude that the reliability of the absorption data from this study is
questionable due to experimental design flaws.

Colin Campbell (Chemicals) Pty Ltd propose the use of a lower dermal
absorption rate for ME parathion-methyl (CS 240 g/L) based on the two rabbit
subacute studies submitted in October 1997 (refer to Section 2.1.1 for details).

The DHFS conclude that both studies are unsuitable for regulatory purposes.

Conclusion

The additional data does not support the use of a lower dermal penetration rate
for parathion-methyl.  Therefore, the default value of 10% remains unchanged
for both EC and ME forms of parathion-methyl, however this is a “worst-case”
assumption for the ME formulation.

2.3  Hazard classification

Active constituent

Parathion-methyl is listed in the NOHSC List of Designated Hazardous
Substances (NOHSC, 1994a).  Substances containing parathion-methyl are
classified as hazardous at concentrations greater than or equal to 0.1%.  The risk
and safety phrases assigned to parathion-methyl are as follows:
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Risk phrases

R24 Toxic in contact with skin

R28 Very toxic if swallowed

Safety phrases

S28 After contact with skin wash immediately with plenty of ...(to be
specified by manufacturer).

S36/37 Wear suitable protective clothing and suitable gloves

S45 In case of accident or if you feel unwell, seek medical advice
immediately (show label where possible)

Due to the DHFS conclusions on the neurotoxic potential of parathion-methyl,
NOHSC should consider whether the classification of parathion-methyl requires
amendment.

End use products and metabolites

All parathion-methyl products registered in Australia are determined to be
hazardous substances based on the concentration of active constituent (500 g/L
in EC formulations and 240 g/L in ME formulation) they contain.

Paraoxon-methyl, the major degradation product of parathion, is not on the List
of Designated Hazardous Substances (NOHSC, 1994a).  Based on its acute oral
toxicity, paraoxon-methyl meets the Approved Criteria for classification as a
hazardous substance (NOHSC, 1994b).

2.4  Oncogenic classification

Parathion-methyl is not classified as carcinogenic on the NOHSC List of
Designated Hazardous Substances (NOHSC, 1994a) or in the NOHSC Exposure
Standards for Atmospheric Contaminants in the Occupational Environment
(NOHSC, 1995a).

The International Agency for Research on Cancer (IARC) has classified
parathion-methyl as a Group 3 carcinogen (not classifiable as to its
carcinogenicity to humans).
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2.5  Regulatory standards

Exposure Standard

A NOHSC Exposure Standard of 0.2 mg/m3, Time -Weighted-Average (TWA)
with “sk” skin notation, has been assigned for parathion-methyl.  NOHSC has
not established a Short-Term Exposure-Limit (STEL) for parathion-methyl.

Biological Exposure Index (BEI)

Neither NOHSC nor the American Conference of Governmental Industrial
Hygienists (ACGIH) have established a BEI for parathion-methyl.  The ACGIH
BEI established for parathion is 0.5 mg PNP/g creatinine.  The BEI is based on
the assumption that RBC ChE inhibition is unlikely to be observed when the
concentration of PNP in urine is 0.5 mg/L or less (Arterberry et al., 1961).  It
should be noted that:

* the BEI is an indicator of recent exposure only; and

* PNP is excreted in urine after exposure to parathion, parathion-methyl,
paraoxon, EPN (phenylphosponothioic acid O-ethyl O-p-nitrophenyl ester) and
nitrobenzene.

Theoretically, excretion of 1 mg of p-nitrophenol (PNP) in the urine, indicates
that at least 2.1 mg of parathion or 1.9 mg of parathion- methyl was absorbed by
one or more routes of exposure (Ware et al., 1973).

3.  OCCUPATIONAL EXPOSURE

3.1 Handling prior to end use

EC formulations

Crop Care Parathion-methyl 500 Insecticide is formulated in Australia from
imported active ingredient.  It is packed in 20 L and 200 L containers.

Folidol M500 Insecticide Spray is formulated in Australia from imported active
ingredient or imported fully formulated.  It is packed in 1 L tin cans, 20 L and
200 L drums.  Small volume returnable packaging is currently being developed
by Bayer Australia Ltd, with a mouth designed to connect to standard pumps
available on farms.

Farmoz Parathion-methyl 500 Insecticide is formulated in Australia and packed
in 20 L and 200 L containers.



National Registration Authority for Agricultural and Veterinary Chemicals, Australia

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

9

Cheminova Parathion-methyl 500 EC Insecticide is not marketed in Australia.
The label indicates that it will be packed in 20 L containers.

A study by Hartwell et al. (1965) demonstrated the significance of inhalation
exposure during the formulation of organophosphate insecticide products
(including parathion and parathion-methyl).  At two separate formulation plants,
the work conditions varied considerably and respiratory protection differed.  A
high incidence of poisonings and RBC ChE depression (20% decrease in
activity) occurred at both plants, partly due to a contaminated air supply at one
plant.  On the introduction of an uncontaminated air supply for workers at both
plants, the number of poisonings fell to zero at both plants and the number of
ChE depressions was reduced dramatically.

ME formulation

Campbell Penncap-M Flowable Microencapsulated Insecticide (Penncap-M) is
formulated overseas.  In the process of microencapsulation, fine droplets of
active material are dispersed in an aqueous medium, which is encapsulated by a
rigid polymer wall.  In an aqueous medium, parathion-methyl remains inside the
capsule.  When the capsules dry out, the active constituent is released slowly
over time (maximum rate between 4 - 24 hours).  The capsule thickness is
designed so that there is a balance between diffusion across the wall and
environmental degradation.  Should the dried capsules subsequently become wet
or damp, the release of parathion-methyl will be halted.

After spraying, each microcapsule is coated by a film of water which prevents
parathion-methyl being diffused to the exterior.  Once the capsule is dry, the
active ingredient diffuses in a slow and continuous manner through the porous
wall.  The Technical Information Brochure on Penncap-M indicates that the ME
product is 3 - 10 times more persistent than a normal formulation.  The active
ingredient is released in the environment over a 2 - 3 week period.

Penncap-M is packed in high density polyethylene jerry cans, with 4 jerry cans
packed in 5L cardboard cartons.

3.1.1  Conclusions on formulation workers

Some parathion-methyl products are formulated in Australia.  Transport and
storage workers only handle the packaged active ingredient and EUP.  They and
retailers are potentially exposed to parathion-methyl only if packaging is
breached.

It would appear that formulation workers require protective equipment where
sufficient engineering controls are not in place.  However, it is not possible to
assess worker risk during formulation from this study alone.
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3.2  Use pattern of end use products

EC formulations

Information on the Australian use pattern of parathion-methyl was obtained
from registered product labels, performance questionnaires obtained through the
NRA Existing Chemicals Review Program 1996 (covering the chemical
Industry, State Chemical Co-ordinators, Large Scale Users and
Commodity/Grower Groups) and the NRA.  Refer to Table 1 for details.

Parathion-methyl is applied in Australia to the following crops: cotton, stone
and pome fruit, citrus, vines, vegetables and cruciferous forage crops, tobacco
and clover seed crops.  Recommended product application rates for each crop
were available from the label, with the methods of application obtained from the
NRA and responses to the performance questionnaires (see Table 1).

Registrar of Pesticides approval is required for aerial spraying of parathion-
methyl in Tasmania.  Application of parathion-methyl using back mounted
knapsack sprayers is prohibited in Victoria.

All product labels specify a withholding period (WHP) of 14 days after
application and a restricted entry period (REP) of 2 - 5 days (depending on
product).

For horticultural crops, the product labels only specify the dilution rates to be
used.  In the case of cotton and clover seed crops, the labels indicate the quantity
of product per hectare.  The spray volumes to be used are not stipulated on any
labels, this information being obtained by the NRA in consultation with the
industry.  Spray volumes commonly used for each crop are listed in Table 1.

The NRA indicated that a priority in all spraying operations in cotton and other
broad acre applications is preservation of water, hence the use of low volumes.
NRA advice also indicated that ground spraying of cotton in Australia is carried
out in state of the art air-conditioned, charcoal filtered tractor cabs.

Information from the NRA indicated that product rates per hectare can vary
considerably, depending on the volume of spray that the farmer applies.  This is
often determined by the volume of the farmer’s spray tank, particularly for low-
volume spraying.
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Variations in product rates may also arise due to the conversion of
recommended high volume rates for low volume application.  The NRA
Efficacy Report indicates that for high volume spraying, up to 50% of the active
applied does not reach or runs off the target trees, so when high volume rates are
converted for the purposes of application through low volume equipment, where
run-off is minimal, excessive product rates may be used.  There was some
evidence from the performance questionnaires that growers are reducing rates to
compensate for the better efficiency of low volume techniques, however, the
NRA advised that, overall, the quantity of product applied per hectare using
airblast or electrostatic equipment is similar to that for high volume spraying.
The lowest efficacious rate for low and ultra-low volume sprayers is unknown.

Information from the NRA and the responses to the performance questionnaires
indicate that parathion-methyl use in tobacco and clover seed crops is limited.
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Table 1. - Use pattern for EC formulations of parathion-methyl obtained from product labels, performance questionnaires and the NRA

Crop Label information Information from performance questionnaires NRA advice
Application rate

(concentration of ai
in spray)

Comments Application method Spray volumes, number of
applications, timing of applications,
critical comments, work rate

Cotton 550 mL - 2.8 L/ha Dilute in a convenient
amount of water, not to be
applied on a program basis

Aerial application (more
common) and boom spray

Maximum of 3 sprays per season
from Jan to April, work rate 20
ha/hr (boom spraying) and 500
ha/hr (aerial spraying)

Aerial application is more common, used as an OP
rotation chemical, spray volumes 20 - 40 L/ha (aerial
spraying) and 50 - 200 L/ha (boom spraying), work rate
80 -100 ha/hr (boom spraying) and 300 - 500 ha/hr
depending on crop stage (aerial spraying)

Citrus 18 - 100 mL/100 L
water (0.009% -
0.05%)

Lower rate to be used for
crawlers and higher rate for
adult scales, white oil to be
added depending on pest

High volume airblast,
oscillating boom (rare)

2 - 4 applications per season in
Oct/Nov, not often used on citrus,
work rate 40 - 50 ha/d

Work rate - 1.5 - 2.5 ha/hr
Spray volumes (L/ha)
high volume 10,000 -  15,000
low volume 180 - 500
ultra low volume or electrostatic 50 - 80

Pome and
stone fruit

40 -100 mL/100 L
(0.02% - 0.05%)

Spray as required (fortnightly
applications may be
required), winter oil to be
added depending on pest

Airblast spraying (high
volume and semi-
concentrate)

Low volume spraying 1.5 L/ha,
max. of 5 applications/season at 14
day intervals from Oct/Nov to mid
Feb, work rate up to 50 ha/d

Work rate -2.5 - 3.5 ha/hr
Spray volumes (L/ha)
high volume 1500 - 3000
low volume 180 - 500
ultra low volume or electrostatic 50 - 80

Grapevines 65 mL/100 L
(0.03%)

Thorough spray coverage
essential

Airblast spraying (high
volume)

2 spray applications in Nov, post-
harvest clean up spraying may
occur, work rate 40 ha/d

Work rate - 3.5 - 4.5 ha/hr
Spray volumes (L/ha)
high volume 800 - 1000
low volume 180 - 500
ultra low volume or electrostatic 50 - 80

Vegetables
and
cruciferous
forage crops

65 mL/100 L
(0.03%)
700 mL - 1.1 L
product/ha

Apply at 10 - 14 day intervals
(protective schedule) or as
pests appear

Boom spraying is most
common (forage brassicas,
capsicum, potato, carrot,
cucurbits, eggfruit) and
aerial spraying (eg forage
rape, turnips, tomato,
capsicum, potato)

4 -5 sprays /season in vegetables (2-
3 crops per year) and 1 - 2
sprays/season in forage crops,
mainly used as an alternate OP
during low pressure periods of the
season

Work rate - 25 - 30 ha/hr (boom spraying)
                   100 -150 ha/hr (aerial spraying)
Spray volumes
High volume spraying in field crops 600 - 800 L water/ha
low volume spraying in field crops 100 - 200 L water/ha,
aerial application can occur in tomatoes and brassica
forage crops

Tobacco 100 mL/100 L
(0.05%)

Apply at first sign of
infestation and repeat as
necessary at weekly intervals

- Limited use in tobacco Work rate - 30 - 40 ha/hr
Limited use in Australia
applied as a high volume boom spray if used.  Spray
volume approximately 800 L/ha

Clover seed
crops

800 mL/ha Apply at 10 - 14 day intervals
from beginning of flowering
until seed is almost ready for
harvest

High volume boom
spraying

4 - 5 sprays/season in late spring
and summer, minimal use in clover,
work rate 20 ha/hr (boom spraying)

Work rate - 30 - 40 ha/hr
Spray volume approximately 800 L/ha
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ME formulation

Penncap-M is registered for use in pome fruit, citrus and grapevines, at a
dilution of 125 mL/100 L water (0.03% ai in the spray), similar to that specified
for EC formulations in these crops.  A product per ha rate is not available on the
label.  In pome fruit, spray application is recommended when pests appear
during the growing season and repeated as required at intervals of no less than 2
weeks.  In citrus and grapevines, the interval between applications is to be 3
weeks and 3-4 weeks respectively.

Penncap-M can be applied through concentrated spray equipment.

Registrar of Pesticides approval is required for aerial spraying of Penncap-M in
Tasmania.

A WHP of 14 days is specified on the label.  No REP is specified.

User survey information

The following information was obtained from the NRA Existing Chemicals
Review Program 1996, covering the chemical industry, State Chemical Co-
ordinators, Large Scale Users and Commodity/Grower Groups.

Parathion-methyl is used in several states across Australia, mainly on cotton,
stone fruit, pome fruit and vegetable crops.  It is recommended for use
practically every season, in IPM programs and resistance management strategies
in some states.  Parathion-methyl products are applied by air and ground rig.
Ground application equipment includes airblast sprayers, electrostatic sprayers
and boom sprayers.

Most responses indicated that parathion-methyl may be tank mixed with
Dithane and Bts, fungicides, endosulfan and pyrethroids.  Many users indicated
that they have decreased the number of chemicals applied and quantities of
chemical used per crop, since they commenced using parathion-methyl in IPM
and resistance management strategies.

Most responses indicated that workers were aware of the high toxicity of the
chemical and wore the PPE recommended on the product labels.  Situations that
increase worker exposure identified from the questionnaires were hot weather
and not wearing appropriate PPE. Suggestions to decrease worker exposure
included dry flowable formulations, encapsulated granules, water soluble
packaging and better container design to enable easy pouring of first few litres
of product.

Many responses indicated that airconditioned cabs are used for ground spraying.
Pest checking was carried out regularly, often by professionals.  Chemigation
and hand held application of parathion-methyl does not occur in Australia.
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Recent estimates from the Northern Victoria Fruitgrowers’ Association Ltd
indicated that growers in the Goulburn/Murray Valley area of Victoria may tend
to spray their stone and pome fruit orchards, via high volume application
methods, at a rate of approximately 9 ha/day over a 6-hour day.

Use patterns for exposure assessment of EC parathion-methyl

Based on the information in Table 1, the OHS risk assessment utilises the
maximum application and work rates indicated below:

Crop Maximum Maximum
Application rate Work rate (a)
(kg ai/ha) (ha/day)

Cotton 1.4 600
(boom spraying) 120 (b)

Cotton 1.4 3000
(aerial application)

Citrus 7.5 15
(airblast spraying)

Stone and
pome fruit 1.5 21
(airblast spraying) 9 (b)

Vines 0.325 27
(airblast spraying)

Vegetables 0.26 50 (c)
(boom spraying) 4 (c)

Vegetables 0.065 900
(aerial spraying)

Tobacco and 0.4 240
clover seed crop 120 (b)
(boom spraying)

(a) maximum work rates are based on NRA advice and assume 6 hours of spraying for ground
and aerial applications unless otherwise specified
(b) using a work rate obtained from performance questionnaires
(c) large vegetable growers will spray 50 ha/day (at a maximum rate of 30 ha/hour,
approximately 2 hours spraying time). However, most vegetable growers in Australia operate
approximately 4 ha plots (assuming they use smaller spray equipment, approximately 2 hours
spraying time).
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Use patterns for exposure assessment of ME parathion-methyl

Based on the available use information for Penncap-M, the OHS risk assessment
utilises the maximum application and work rates indicated below.

Crop Maximum Maximum
Application rate Work rate (a)
(kg ai/ha) (ha/day)

Pome fruit 0.9 21
(airblast spraying) 9 (b)

Citrus 4.5 15
(airblast spraying)

Vines 0.3 27
(airblast spraying)

(a) maximum work rates are based on NRA advice and assume 6 hours of spraying for ground
and aerial applications unless otherwise specified
(b) using a work rate obtained from performance questionnaires

3.2.  Additional use pattern information

(a) Colin Campbell (Chemicals) Pty Ltd (October 1997) submitted findings
from a survey (undated) carried out to determine the likelihood of exposure of
spray operators to parathion-methyl.  It covered the major agricultural chemical
distributors in the horticultural areas of Australia (covering NSW, QLD, TAS
and SA), including growers and contractors.  The survey details were not
provided to NOHSC.

Pome fruit - The registrant indicates that in pome fruit orchards, spraying is
conducted by individual orchardists using their own equipment.  No contract
sprayers are used in pome fruit.  The maximum area treated per day was 10 ha.
Spray volumes, frequency of spray application, an average work day of 8 hours
and 6 hours spraying time were consistent with the parameters used in the OHS
assessment.  The spray season was 3-4 months and the spray interval ranged
from 15-21 days.

Grapevines - The registrant states that no contract spraying occurs in Australian
vineyards.  For wine grapes, the survey confirmed spray volumes (for high
volume spraying) and frequency of spray application used in the OHS report.  In
the case of large table grape farms, spray application took place fortnightly from
November to March (5 months).  Each spray application took approximately 14
days with 3 oscillating booms working at a rate of 6 hours per day (spray
application).  Therefore, the registrant indicates that a worker would treat an
average of 10 ha/d.  Residue considerations and resistance management
measures in Australian vineyards result in the rotation of parathion-methyl with
alternative chemicals such as growth regulators.
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Citrus - The survey indicates that no contract spraying of citrus takes place in
QLD and NSW.  However, two contract spray operators work in SA.  Currently,
these contract sprayers use EC parathion-methyl.  They are reported to carry out
1-2 spray applications per season, using airconditioned oscillating spray booms.
Contract sprayers will actively spray for 9 hours per day, during the month of
November (approximately 4 weeks).  The second spray application takes place
only if pest trap counts indicate that it is required.  It usually occurs between
May and July.  The typical length of the second spray is 2-4 weeks.  Growers
treating their own orchards are reported to take 10 days to apply one spray,
using oscillating boom sprayers, at 10, 000 - 14,000 L/ha.  This spray volume is
consistent with the spray volume used in the OHS report for high volume
spraying in citrus.  The survey indicates that lower spray volumes have been
trialed unsuccessfully.  One to two spray applications take place between
October and December and a third (if required) between February and March,
consistent with the frequency specified in the OHS report.

Dual cropping of table grapes and citrus may occur infrequently in Australia. In
these areas, spray application is carried out using airblast equipment.

Colin Campbell (Chemicals) Pty Ltd propose the following label changes for
Penncap-M:

pome fruit - a maximum spray volume of 3000 L/ha and a maximum of 4
applications per season;

citrus - a maximum spray volume of 8000 L/ha; and

grapevines - a maximum of 4 sprays per season.

Conclusion

No evidence has been presented to NOHSC to determine whether the survey
sampled orchards and growers in a manner representative of all Australian
parathion-methyl users.

In pome fruit, the survey results support the parameters used in the OHS risk
assessment (refer to Section 3.2), including the work rate of 10 ha/d (9 ha/d
high volume spraying modelled).

In grapevines, the parameters used in the OHS risk assessment for high volume
spraying are consistent with survey results for wine grapes.  A more protracted
use of the chemical is evident in table grapes.  Although an average work rate
of 10 ha/d is presented based on survey results, higher work rates were
provided by large scale users (through the performance questionnaires) and the
NRA.
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In citrus, prolonged use of the chemical may occur, especially by contract
workers.  The spray volume and frequency of spray application are consistent
with the OHS assessment.  An average work rate is not provided.

Overall, survey results support the parameters used in the OHS assessment.
Insufficient data are presented to NOHSC to warrant revision of the OHS risk
assessment.  Given the infrequent occurrence of dual cropping, it does not
warrant an individual risk assessment.  The proposed label changes do not
impact significantly on the OHS risk assessment.

(b) Cheminova Australia Pty Ltd (October 1997) submitted additional
information on field work practice related to the use of parathion-methyl in
pome fruit.  They indicate that spraying of orchards is carried out by the farmer
and trained assistants.  A maximum application rate of 80 mL product/100 L
water, maximum spray volume of 2500 L/ha, a spraying time of 6 hours per day
and a work rate of 6-7 ha/d are reported.

Conclusion

The spray volume and spraying time are consistent with the parameters used in
the OHS assessment.  Although the registrant indicates a maximum application
rate of 80 mL product/100 L water for pome fruit, the risk assessment considers
the maximum label rate of 100 mL product/100 L water.  The work rate used in
the OHS assessment of 9 ha/d for pome fruit is similar to the rate of 6-7 ha/d
proposed by the registrant.  Therefore, this additional data does not warrant
revision of the OHS risk assessment.

(c) Bayer Australia Ltd (December 1997) carried out a survey of parathion-
methyl use in stone and pome fruit orchards in the Goulburn Valley, Victoria
(Methyl Parathion Use in Goulburn Valley Survey Form for Operator
Exposure, November - December 1997).  Bayer indicate that approximately 90%
of the parathion-methyl sold in Victoria is used in the Goulburn Valley.  The
percent distribution of use of the chemical is as follows: pears 60%, stone fruit
30% and apples 10%.

The Northern Victoria Fruitgrowers’ Association provided a statement
indicating that no contract spray operators are found in the Goulburn Valley.
They indicate that spraying is carried out by the owner or an employee.  Most
owners and employees have undertaken the two day Farm Chemicals Users
Course (FCUC).

Bayer Australia Ltd is looking to develop sealed returnable containers.  They
indicate that all suppliers of parathion-methyl would be required to comply with
the use of these specialised containers.

Bayer Australia Ltd state that growers in the Goulburn Valley have tried other
methods to control codling moth and oriental fruitmoth, with limited success.
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The collective survey results and their implications for the existing OHS
assessment is provided below.  The survey does not distinguish between EC and
ME parathion-methyl.

Use pattern of the chemical - The survey indicates that in the Goulburn Valley,
parathion-methyl is used between 1-15 times per season.  Majority of the
orchards surveyed were sprayed between 4-9 times per season.  Each spray
application was carried out by the owner or orchard employees, over a 1-2 day
period.  The minimum “rest period” between consecutive sprays of parathion-
methyl was 4 days.  Many responses indicated that a “rest period” of
approximately 12 days was likely.  Not many workers surveyed used OP
pesticides during this “rest period” however, the workers with the “rest period
of 4 days could use chlorpyrifos (an OP) within this period.  On an average, the
total number of days workers were involved in spraying parathion-methyl was
2-28 days per operator per season.

Cholinesterase inhibiting compound used during the “rest period”  included
chlorpyrifos and methamidophos.

The OHS risk assessment assumed that EC parathion-methyl may be applied 2-
5 times per season and ME parathion-methyl may be applied as required at 2-4
week intervals.  The new information provided by Bayer Australia Ltd indicates
more frequent use of the chemical in stone and pome fruit.  Given that the OHS
risk assessment was based on a NOEL from a 1 year rat study, this new
information does not warrant revision of the existing assessment.

Mixing/loading and application times - Information was provided on the
approximate times for mixing/loading and spray application when using dilute
sprays, concentrated sprays and electrostatic sprays.  The size of the orchard did
not appear to impact on the time taken to mix/load and apply the spray.

Mixing/loading time for dilute sprays was between 1-4 hours.  For concentrated
sprays and electrostatic sprays it was 1-1 3/4 hours and 3/4 - 1 1/2 hours,
respectively.

The survey indicated spray application times of between 5 - 12 hours for dilute
spraying, 6 - 8 hours for concentrated spraying and 5 - 71/2 hours for
electrostatic spraying.
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Mixing/loading time was not specifically used in the OHS risk assessment.  A
full working day of 8 hours (ie. for mixing/loading and spray application) or
exposure values of mg/kg ai handled were used.  The OHS assessment used an
average 6 hours spraying time for all spray application methods, based on the
response to the performance questionnaires and NRA advice.

The survey findings indicated that a spraying time of 8 hours is more
representative of the activities in the Goulburn Valley.  Margins of Exposure
(MOE) will be lower if application time is increased from 6 hours to 8 hours.
The OHS risk assessment already indicates very low MOE, so is not further
revised.

Application rates and spray volumes - The survey does not distinguish between
EC and ME parathion-methyl formulations.  The maximum application rates
obtained from the survey are 3 L product/ha (1.5 kg ai/ha for EC products and
0.72 kg ai/ha for ME products) for dilute and concentrated spraying and 2 L
product/ha (1 kg ai/ha for EC products and 0.48 kg ai/ha for ME products) for
electrostatic spraying.  The OHS risk assessment used a maximum application
rate in stone and pome fruit of 1.5 kg ai/ha for EC products and 0.9 kg ai/ha for
the ME product.

Australian product labels only recommend a dilution rate for pome and stone
fruit.  Therefore, the spray volume determines the amount of active ingredient
applied per hectare.  Survey results indicate a spray volume of 3000 L - 4000
L/ha for dilute spraying, 1300 L - 2000 L/ha for concentrated spraying (the
meaning of “concentrated” is not defined) and 330 L - 375 L/ha for electrostatic
spraying.  The OHS risk assessment used a spray volume of 3000 L/ha for high
volume spraying, 500 L/ha for low volume spraying and 80 L/ha for
electrostatic spraying.  These values were based on the responses to the
performance questionnaires and NRA advice.

The OHS risk assessment is not revised at this stage because product per
hectare rates and spray volumes are not specified on the product labels.

Work rate - The survey results indicate that 9 - 30 ha/d would be treated as
dilute and concentrated sprays.  Electrostatic equipment would spray
approximately 20 - 24 ha/d.

The OHS assessment used work rates of 21 ha/d (for high, low and ultra low
volume spraying) and 9 ha/d (for high volume spraying only).  These values are
representative of the survey findings.  Therefore, the OHS risk assessment is not
revised.

Spray equipment, PPE and training - The survey indicates that dilute,
concentrated and electrostatic spraying of pome and stone fruit in the Goulburn
Valley is carried out using airblast equipment.  Most responses indicated that
spray equipment contained closed cabs.
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Many workers surveyed wore protective equipment.  A few wore PPE only
during mixing/loading, however, these workers were in closed cabs during spray
application.

Most workers (owners and employees) had undergone the FCUC.  Only one
worker participating in the survey had not been trained.

The OHS risk assessment considered high, low and ultra low volume airblast
spraying of parathion-methyl in orchards.  Protection factors for PPE and
closed cabs were incorporated.  Therefore, the risk assessment is not revised.

(d) Bayer Australia Ltd (December 1997) indicate that majority of parathion-
methyl is applied to cotton by aircraft via closed systems.  However, a
significant proportion of the chemical is applied by ground rig to dryland cotton.
Ground application results in banded application over rows rather than
broadcast spraying over the complete area.

Bayer Australia Ltd indicate that growers who apply the product by ground rig
would use the 1,000L minibulk containers, amenable to management in a closed
system, to a lesser extent than the aerial contractors.

The OHS assessment considered both ground boom application and aerial
application of parathion-methyl on cotton.  Therefore, revision of the existing
assessment is not required.

(e) Bayer Australia Ltd (January 1998) do not seek to support the use of
parathion-methyl in tomatoes.

3.3 Poisoning information and illness reports involving workers

It is not possible to quantify the extent of problems in use in Australia.
Information received from Poisons Information Centres indicate that
organophosphates are responsible for many cases of illness/poisoning, however,
it is not known how many of these relate to parathion-methyl exposure.

Following are summaries of some illness/poisoning reports relating to
occupational exposure.  However, it is not a comprehensive listing of such
incidents.
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Brown et al. (1989) reviewed the California pesticide illness investigation
reports pertaining to carbamate and organophosphate exposures for the years
1982 - 1985, which covered approximately 10,000 agricultural workers.  During
the study period, 3 of the 238 illness reports related to the use of parathion-
methyl.  One of these was following chronic exposure (ie. exposure of >3
consecutive workdays), 1 following short-term exposure (ie. 3 or fewer
consecutive workdays) and one was due to an accident.  One of these 3 reports
was due to a safety violation and in one case, weather conditions contributed to
illness.  The reporting methodology did not include results of ChE monitoring.

The American Association of Poison Control Centers Toxic Exposure
Surveillance System monitored parathion-methyl exposure from 1985 through
to 1992.  Of the parathion-methyl occupational exposures without concomitant
exposures, all accidental exposures (37/91 at home and 52/91 at the workplace)
were due to occupational exposure, with 80/91 due to acute exposure and 11/91
following chronic exposure.  The major route of occupational exposure was
dermal followed by inhalation, oral and ocular, in that order.

In general, several cases of acute parathion-methyl poisoning have been reported
overseas (WHO, 1993).  In the case of dermal exposure, symptoms increased in
severity for more than one day and lasted several days.

3.4  Studies measuring effects of exposure to parathion-methyl

de Cassia Stocco et al. (1982) investigated 15 healthy male workers from a
pesticide formulation plant in Brazil, with blood ChE levels ≤  75% of
(presumably) baseline level.  The subjects had been chronically exposed to
parathion-methyl (mainly by inhalation) for periods ranging from 1 week - 7
years, with intermittent periods of non-exposure.  Peripheral lymphocyte
cultures did not reveal increased frequency of cell aberrations.  In an earlier
study (van Bao, 1974) cited by de Cassia Stocco et al., chromosomal aberrations
were noticed in 5 patients following acute oral administration of parathion-
methyl [suicidal intent (4) and occupational exposure(1)].  The study authors
concluded that chronic exposure to low doses of parathion-methyl produced no
clastogenic effects in man.
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Cole et al. (1988) sought to test methods for documenting populations at risk of
pesticide poisoning in a region of Nicaragua, based on subclinical and clinical
outcomes of pesticide exposure.  State farms and airfields where spray planes
were loaded with pesticides were selected for screening.  The study involved
1960 workers from an estimated 15,000 exposed population.  Low levels of
ChE (50% or less) were detected in 151/1960 (8%) of screened workers, with
the incidence increasing sharply during the peak spraying period.  The highest
rate of ChE depression was seen in airfields (ie. plane washers, mixer/loaders
and mechanics), followed by farm workers (ie. tractor sprayers and general field
workers).  Workers who wore personal protective equipment (PPE) were
significantly less affected.  Information on specific crop types is incomplete
(n=53), with two-thirds of low ChE detected on cotton farms.  Information on
the route of exposure was only available in 195 cases.  Of these 68% were due
to dermal exposure, either alone or combined with inhalation.  Of the 207
adequate responses received from the questionnaires, 129 were related to
organophosphate exposure and 96/129 were related to parathion-methyl
exposure (alone or in combination with other pesticides).

This survey succeeded in detecting 151 workers within the study population at
risk of organophosphate poisoning.  The recommendations arising from this
survey included; reducing the use of parathion-methyl, using enclosed
mixing/loading systems in air fields and the use of appropriate PPE to minimise
skin contamination.

Blood ChE activity in 542 California agricultural pesticide applicators was
analysed during the first 9 months of 1985 by Ames et al. (1989).  California
regulations call for workers to be removed from all exposure to OP and
carbamate pesticides if RBC ChE activity is depressed to 60% of worker’s
baseline and/or plasma ChE depressed to 50% of worker’s baseline (threshold
levels in California).  Workers are only allowed to return to work when these
levels reach 80% of worker’s baseline.  In addition, engineering controls such as
closed mixing/loading, enclosed cabs and industrial hygiene measures are
required by regulation.  Of the 542 workers studied, 26 workers (4.8% of
sample) reached the threshold levels specified above.  Eight workers of these 26
were symptomatic and confirmed by a physician to be ill from pesticide
exposure.  Another 8 asymptomatic workers were removed from work because
of low ChE levels (these represent successful screening).

Of the 21 study subjects with RBC ChE levels of <60% (California threshold), 1
had been exposed to parathion-methyl.  Of the 39 subjects with RBC ChE levels
of <70% (WHO threshold), 1 had been exposed to parathion-methyl.  Of the 9
subjects with plasma ChE activity <50% (California threshold), none had been
exposed to parathion-methyl.  The study authors suggest that the present
California threshold appears to be too high to prevent serious clinical illness
(8/26 workers were already ill) and recommend more health-protective
threshold levels.
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Rupa et al. (1989) investigated chromosomal aberrations in peripheral
lymphocytes of cotton field pesticide workers who were non-smokers and did
not consume alcohol.  Fifty two male workers, whose main job was mixing and
spraying of pesticides in cotton fields (ages ranging from 21 - 47 years)
participated in this study.  Study subjects were exposed to several pesticides,
including parathion-methyl, for 8 hours per day, 9 months per year for 5 - 25
years (exposure to parathion-methyl 25 years).  These workers mixed pesticides
in large plastic containers with their bare hands and applied the spray using
manual sprayers without any protective measures.  Peripheral lymphocytes were
examined for structural (gaps, breaks, fragments, deletions and dicentrics) and
numerical (polyploid) aberrations.  Aberrations such as gaps, fragments and
deletions increased irrespective of the duration of exposure, while breaks and
dicentrics increased with duration up to 20 years and then remained static.

However, total chromosomal aberrations were significantly increased
irrespective of the duration of exposure.  Total aberrations also increased
regardless of the age of the subject.  The study authors concluded that the
combinations of pesticides the study subjects were expose to caused
chromosomal damage in peripheral lymphocytes in the absence of smoking and
alcohol consumption.

Wolff et al. (1992) studied 13 workers formulating parathion-methyl in a
powder base in Mexico, to investigate the potential contribution of measurable
dermal levels of chemical to RBC ChE depression.  Skin wipes were used to
determine dermal exposure and RBC ChE levels determined in each case.  Eight
of these workers handled parathion-methyl during the preceding 15 days, 7 used
BHC and 3 used DDT.  All bathed daily but none laundered their work clothes
more often than weekly.  All wore masks, boots and hard hats while one wore
gloves occasionally.  Mean RBC ChE was higher among the 5 persons who had
not washed after work and prior to testing (the opposite of what would be
expected).  These workers also had higher levels of all chemicals tested (from
wipe samples obtained from palms and forehead) than those who had washed
after the shift and just prior to testing.  Since testing was carried out after the
workers left the workplace, it may be assumed that actual residue levels on skin
were higher than measured.  Residues on the palms were marginally increased
for those who reported having used it the same day.  Otherwise dermal
contamination was not significantly related to the date of last exposure nor to
laundering of clothes.  Results indicated that washing removed more parathion-
methyl residues than organochlorine residues.



NRA Review Report on Parathion-methyl – Occupational Health and Safety Assessment

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

24

The positive association between dermal exposure to parathion-methyl and RBC
ChE levels was the opposite of that expected.  The study authors suggest that
this is probably due to: workers being aware of the toxicity of parathion-methyl
and being more careful to wash after handling the chemical, workers having
higher RBC ChE activity (as a result of prolonged exposure to
organophosphates causing increased ChE production), RBC ChE depression
was not being significant due to the absence of exposure to paraoxon- methyl,
the dust formulation having resulted in lower effective skin contamination than
liquid formulations and prior exposure of these workers to organochlorines
having enhanced their ability to metabolise parathion-methyl.

Studies in human volunteers indicate that following repeated chronic exposures,
there can be a decrease in blood ChE activity without clinical manifestations
(WHO, 1993).  The WHO report stated that no cases of organophosphate
induced delayed neuropathy (OPIDN) have been reported following parathion-
methyl exposure, however neuro-psychiatric sequelae have been reported in
cases of multiple exposures to pesticides, including parathion-methyl.

Workers applying 0.1% parathion-methyl in cotton for 4 hours per day on 4
consecutive days showed inhibition of plasma and RBC ChE, which in most
cases, resolved within 7 days of exposure (DHFS, 1997).  Spraying a 0.05%
solution or applying a 2% dust formulation did not significantly depress ChE
levels.  No details of actual exposure are available.

3.5  Measured end use exposure studies

The following study was conducted by the Australian National Institute of
Occupational Health and Safety (NIOHS);

Yeung P, Cantrell P, Murdoch C, Rogers A, Apthorp L, Conaty G, Vickers C,
Smith M (in press) Assessment of Respiratory and Dermal Exposures to Ethyl
Parathion and Methyl Parathion in Airblast Application in Orchards, National
Institute of Occupational Health and Safety - Study (1)

Registrants of parathion-methyl products submitted the following worker
exposure studies in response to the data call-in by the NRA.

Calumpang SMF, Allado RD (undated) Exposure of Filipino Farmers to Methyl
Parathion in Rice and String Bean Production (draft report) - Study (2).

Bayer (India) Ltd (1976) Studies on the Toxic hazards of Methyl Parathion
Preparations to Human Workers When Engaged in Agricultural Pest Control
Operations Under Indian Field Conditions, Haffkine Institute , Bombay, Report
on behalf of Bayer (India) Ltd, Bombay - Study (3).

The following studies were submitted by a registrant of parathion products
(Cheminova Australia Pty Ltd) in response to the data call-in by the NRA.  They
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are used in this report as surrogate data to estimate potential parathion-methyl
exposure.

Jones PA, Reeves R (1987) Ethyl Parathion - Mixer, Loader, Applicator Study,
Hazelton Laboratories America, Inc., Study Number PAL-EF87-32, 22 October
1987 - Study (4a)

MacGregor DC (1988) Worker Exposure Study for Ethyl Parathion -
Determination of Ethyl Parathion in Dermal Patches and Handwash Solutions
and Para-nitrophenol in Human Urine, Study HLA 6012-197, 4 January 1988 -
Study (4b)

Maddy K, Gibbons D, Kilgore S, Margetich S (1984) Ethyl Parathion - Potential
Exposure of Applicators to Parathion When Treating Citrus in Riverside
County, Study Number HS-1059, California Department of Food and
Agriculture, dated 19 March 1984 - Study (5)

The following are published studies:

Carman GE, Iwata Y, Pappas JL, O’Neal JR, Gunther FA (1982) Pesticide
Applicator Exposure to Insecticides During Treatment of Citrus Trees with
Oscillating Boom and Airblast Units - Study (6)

Spittler TD, Bourke JB (1985) Potential Exposure in the Application of
Pesticides to Orchard and Field Crops, Dermal Exposure Related to Pesticide
Use - Study (7)
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(1) Yeung P, Cantrell P, Murdoch C, Rogers A, Apthorp L, Conaty G,
Vickers C, Smith M (in press) Assessment of Respiratory and Dermal
Exposures to Ethyl Parathion and Methyl Parathion in Airblast
Application in Orchards, National Occupational Health and Safety
Commission.

Study details

Both parathion-methyl and parathion were used in the study.  This report
considers parathion applications as surrogate data to predict potential parathion-
methyl exposure.

The parathion-methyl formulations used were an EC 500 g/L (10/11 replicates)
and ME 240 g/L (1/11 replicates).  These trials were conducted in 8 orchards
(stone and pome fruit) in Victoria’s Goulburn Valley and involved 8
mixer/loader/applicators (11 replicates).  High pressure airblast sprayers (n=8)
on open tractors (n=4/8) and with airconditioned cabs (n=2/8), airconditioned
cabs plus filter (n=1/8) and electrostatic sprayers with airconditioned cabs (n=3
including replicate that used ME formulation) were used.  High pressure
sprayers applied 30 - 100 L/min at a pressure of 100 - 300 psi whereas
electrostatic sprayers applied 12 - 13 L/min at 14 psi.

Parathion was applied in 5 orchards and involved 7 mixer/loader/applicators.
The parathion formulation used was an EC 500 g/L.  In 5 cases, parathion was
applied using high pressure airblast sprayers on open tractors (n=4/5) or tractors
with airconditioned cabs (n=1/5).  In 2 cases, electrostatic sprayers with
airconditioned cabs were used.  High pressure sprayers applied 70 - 80 L/min at
a pressure of 80 - 100 psi whereas electrostatic sprayers applied 13 L/min at 14
psi.

The normal conditions of parathion and parathion-methyl use, ie. control
technologies and work practices, were not altered for this study.  The
concentration of parathion-methyl in the spray ranged from 0.1 - 4.0 g ai/L,
which is marginally higher than maximum recommended rate for parathion-
methyl in pome fruit in Australia.  The concentration of parathion in the spray
ranged from 0.03 - 4.27 g ai/L, which is marginally higher than the maximum
concentration recommended on parathion product labels for horticultural use.

Most study participants wore waterproof (plastic) coveralls, cotton or disposable
overalls, PVC elbow-length gloves, rubber or leather boots and cartridge-type
respirators (generally half-face twin cartridge type).  However, a few subjects
wore only short-sleeved shirts and several wore short trousers (details are
included in Tables 2 and 3).

Application equipment and techniques, work practices, PPE and storage
facilities were reviewed.  Detailed descriptions of weather conditions were
obtained for all sites.
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Air monitoring

As airblast application was expected to generate both aerosols and vapour, the
chosen method was based on NIOSH Method 5600 (organophosphorus
pesticides) (NIOSH, 1994) modified to be consistent with the Australian
Standard AS 3640-1989 (Standards Australia, 1989).  The collection device
used in the study was a modified-UKAEA (7-holer) filter holder with a flow rate
of 2 /min.  Personal samples (n=7) were obtained throughout the mixing/loading
and spraying cycles.

Air concentrations of chemical in the work area was measured only in the
parathion-methyl trials.  Static samplers were placed  inside the cab or on the
tractor during spraying.  The data obtained from static sampling is not used in
the risk assessment because they do not reflect air concentrations of parathion in
the breathing zone of the worker.

Dermal exposure monitoring

Dermal pads were used to measure potential dermal exposure.  The patches
were prepared using 15 cm Whitman No1 filters with aluminium foil backing
cut slightly larger and folded over.  Dosimeters were attached to the workers’
clothing at the following locations; forearms (R&L), shoulders (R&L), shins
(R&L), upper arms (R&L), front of thighs (R&L), mid-chest, centre of back and
head.

Close fitting cotton gloves were used to monitor hand exposure.  Where PVC
gloves were worn by workers the cotton gloves were worn under PVC gloves, ie
estimating actual dermal exposure of the hands.

Dermal patches and cotton gloves were analysed using gas chromatography.
The limit of detection was 7.5 ng per injection.

Biological monitoring

A urine sample of approximately 100 mL was collected from each worker to
estimate PNP levels.  These urine samples were collected approximately 3 hours
after cessation of spraying.  Pre-exposure samples were not taken, however each
workers spraying history was recorded.  Creatinine correction was carried out
for urinary PNP estimations.

Urine samples were analysed using gas chromatography.  The limit of detection
was 7.5 ng per injection.
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Results

The results of the study are presented in Tables 2 and 3 for parathion and
parathion-methyl exposures respectively.

The study indicated that potential exposures originated predominantly (>99.9%)
from the dermal route, while respiratory exposure contributed to <0.1% of total
exposure (all results not shown in this report).  Hand exposure contributed to a
significant proportion of total dermal exposure.  The geometric mean exposure
of the hands was found to constitute 91% of the geometric mean whole body
potential exposure.  When PVC gloves were worn, the measured exposure to
hands comprised 58% of the total dermal exposure (results not shown in this
report).

The use of electrostatic sprayers or open tractors caused higher exposures than
when using high pressure sprayers or air-conditioned cabs.  Electrostatic
spraying utilised more concentrated sprays.

In all replicates, air concentrations of parathion were below the NOHSC TWA
Exposure Standard for parathion-methyl of 0.2 mg/m3.  This comparison does
not account for the skin absorption of parathion-methyl.

Air concentrations of parathion-methyl as indicated by static sampling ranged
from 1 - 10 µg/m3.

Urinary PNP was marginally higher than the ACGIH BEI for parathion of 0.5
mg PNP/g creatinine in three samples.  All three workers (W15, W5 and W7)
had been exposed to parathion and/or parathion-methyl within the 48 hours
preceding the trial.  In addition,  Subject W15 wore PVC gloves and sprayed the
pesticide by electronic sprayer for a short period of time at a relatively high
application rate (3.33 kg ai/hr).  No details were available on the PPE worn by
W5 during mixing/loading.  Subject W7 wore inadequate PPE (eg. short pants)
and demonstrated poor work practices during mixing/loading and spraying.

Urinary PNP levels in the only worker using ME parathion-methyl (W9) were
marginally higher than the ACGIH BEI for parathion of 0.5 mg PNP/g
creatinine.  This worker had been exposed to parathion and/or parathion-methyl
within the 48 hours preceding the trial.  He applied a relatively concentrated
spray (3.71 g ai/L) using airconditioned electrostatic spray equipment.

Analysis of the data showed good correlation between the amount of chemical
applied and urinary PNP levels.  A positive correlation was also found between
the concentration of spray applied and urinary PNP levels.

A number of deficiencies were detected among the orchards in existing work
practices, provision and maintenance of PPE, storage facilities and
decontamination procedures.
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Table 2. - Summary of dermal and respiratory exposure of mixer/loader/applicators during ground (airblast) application of EC parathion

Orchard and
worker

identification

PPE (a) Equipment type Concentration
of spray

(g ai/L) (b)

Respiratory
exposure (µg/hr)

(c)

Potential dermal
exposure of

covered areas of
the body minus
hands (µg/hr)

Actual dermal
exposure of

head and neck
(µg/hr) (d)

Actual dermal
exposure of
hands unless

indicated
(µg/hr)

Urinary PNP
(mg/g creatinine) and

comparison with BEI (e)

J - W10 long sleeved overalls, leather
work boots, washable hat
during M/L (f) and spraying

High pressure, open tractor 0.45 5.2 201 8 103 (g) 0.27
less than BEI

K -W11 overalls, washable hat, PVC
gloves, leather boots (? during
entire operation)

High pressure, open tractor 0.04 3.5 33524 277 6343 0.10
less than BEI

K - W12 overalls, washable hat, PVC
gloves, leather boots (? during
entire operation)

High pressure, open tractor 0.04 1.7 1011 36 9419 <0.1
less than BEI

K - W13 overalls, washable hat, PVC
gloves, leather boots (? during
entire operation)

High pressure, open tractor 0.03 3.5 2181 66 9458 0.18
less than BEI

L - W14 shorts, short sleeved shirt,
gumboots, PVC gloves and
face shield during M/L,
gloves and face shield
discarded during spraying

Electrostatic, A/C cabin (h) 0.83 1.7 462 5 82 0.33
less than BEI

M - W15 sleeveless overalls, gloves and
respirator during M/L, only
overalls during spraying

Electrostatic, A/C cabin
(temperature exceeded
45°C in cabin- reasons not
specified)

4.27 42 93517 (i) 46 7536 (i) 0.59 (j)
greater than BEI

N - W16 overalls, washable hat, gloves
during M/L, details not
available during spraying

High pressure, A/C cabin 0.44 5.2 75 74 1394 <0.1
less than BEI

Source: Yeung et al. (in press)
(a) details available from author (b) all orchards used a 500 g/L EC parathion formulation (c) As measured using personal samplers
(d) Some subjects wore half-face respirators, no one wore hats; hence face, head and neck are considered to be uncovered areas
(e) ACGIH BEI for parathion of 0.5 mg PNP/g creatinine (f) M/L - mixing/loading (g) Hand exposure measured without work gloves, ie potential exposure = actual exposure
(h) A/C -air conditioned (i) High dermal exposure of hands and protected body areas attributed to poor work practices
(j) worker was exposed to parathion in the preceding 48 hours.
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Table 3. -  Summary of dermal and respiratory exposure of mixer/loader/applicators during ground (airblast) application of parathion- methyl

Orchard,
worker

identificatio
n and

formulation
type (a)

PPE (b) Equipment type Concentrati
on of spray

(g ai/L)

Respiratory
exposure

(µg/hr) (c)

Potential dermal
exposure of

covered areas of
the body minus
hands (µg/hr)

Actual dermal
exposure of

head and neck
(µg/hr) (d)

Dermal
exposure of

hands
(µg/hr)

Urinary PNP
(mg/g creatinine) and
comparison with BEI

(e)

A - W1 -
EC

overalls, boots, twin cartridge
respirator, PVC gloves during
M/L, overalls, boots during
spraying

High pressure,
A/C cabin

0.33 <1.7 1,993 83 3,876 (f) 0.23
less than BEI

B - W2 -
EC

overalls, washable hat, gloves
(during M/L only)

High pressure,
A/C cabin

0.10 <1.7 76 2 1,059 (f) <0.1
less than BEI

C - W3 -
EC

plastic wet weather suit with
hood, gloves, twin cartridge
respirator during whole operation

High pressure,
open tractor

0.27 45 12,430 2,028 9,760 (g) 0.11 (h)
less than BEI

D - W4 -
EC

full plastic suit, twin cartridge
respirator during whole operation

High pressure,
open tractor

0.63 16 5,353 137 50,470 (g) 0.17
less than BEI

E -W5 - EC PPE during M/L not available,
overalls, gum boots, PVC gloves,
respirator, hat during spraying

High pressure,
open tractor

4.00 not sampled not sampled not sampled not sampled 1.98 (h)
greater than BEI

F - W6 - EC plastic coat and pants during
whole operation, plastic gloves,
twin cartridge respirator during
M/L only, leather/cotton gloves
during spraying

High pressure,
open tractor

0.18 19 17,118 279 816 (f) <0.1
less than BEI

G - W7 -
EC

no PPE, only normal work clothes Electrostatic,
A/C cabin (i)

2.44 7.0 3,083 79 11,336 (f) 1.06 (h) (j)
greater than BEI

G - W7 -
EC

no PPE, only normal work clothes Electrostatic,
A/C cabin

1.54 3.5 24,678 55 1,736 (f) not available

H - W8 -
EC

overalls and cap, no gloves during
M/L

High pressure,
A/C + filter

0.22 3.5 2,237 51 154,482 (g) 0.23
less than BEI

H - W8 -
EC

overalls and cap, no gloves during
M/L

High pressure,
A/C + filter

0.22 16 4,021 116 186,955 (g) 0.23
less than BEI

I - W9 - ME long sleeved overalls, PVC gloves,
cartridge respirator during M/L,
only overalls during spraying

Electrostatic,
A/C cabin

3.71 5.2 149 8 726 (f) 0.57 (h)
greater than BEI

Source: Yeung et al. (in press)
(a) the EC formulation contained 500 g/L ai and ME formulation 240 g/L (b) details available from author (c) as measured using personal samplers, based on breathing rate of 29 L/min
(d) Some subjects wore half-face respirators, no one wore hats; hence face, head and neck are considered to be uncovered areas (e) ACGIH BEI for parathion  of 0.5 mg PNP/g creatinine
(f) actual exposure, ie. sampling gloves worn under PVC work gloves (g) potential exposure, ie. PVC gloves not worn (h) worker was exposed to parathions in the preceding 48 hours.
(i) airconditioned cabs (j) worker wore inadequate PPE (eg. short pants) and had poor work practices during handling and spraying



National Registration Authority for Agricultural and Veterinary Chemicals, Australia

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

31

(2) Calumpang SMF, Allado RD (undated) Exposure of Filipino Farmers to
Methyl Parathion in Rice and String Bean Production (draft report).

This study was conducted in 2 phases.  In the first phase, 4 workers were
monitored while applying 0.5 kg parathion-methyl/ha in 600 L water/ha (spray
concentration of 0.08% ai) to string beans twice a week for 2 weeks.  The height
of the crop at this stage was approximately 7 feet (2 metres).  The study
description does not include application equipment (although it appears to be a
hand-held method) the area treated, duration of exposure or number of
replicates.  It does not indicate whether these workers were involved in
mixing/loading or application only.  All subjects wore long sleeved cotton shirts
over a T-shirt, long pants and a T-shirt covering the head, nose and mouth.
Hands and feet were bare.  Outer and inner absorbent patches with plastic lining
were used to determine dermal exposure.

In the second phase, 2 farmers were monitored for 2 spraying schedules each.
Parathion-methyl was applied to rice paddy 15 and 45 days after transplanting,
at a rate of 0.5 kg ai/ha in 240 L/ha and 400 L/ha (spray concentration of 0.2%
and 0.125% respectively).  Subject clothing and patch locations were as in
Phase 1 of the study.

For both phases of the study, results were presented as inner and outer
parathion-methyl residues on various body parts.  Permeation through clothing
for each body area was determined using these two results.

The results of this study are not presented in this OHS report for the following
reasons:

* parathion-methyl is not registered for use in rice or similar crops in Australia;

* hand held uses of parathion-methyl do not occur in Australia;

* exposure data cannot be extrapolated to Australian conditions as details such
as duration of exposure and amount of active ingredient/product handled are not
available for each subject; and

* PPE worn by the study subjects reflect cultural practices in the Philippines and
are not directly relevant to Australian work practices.
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(3) Bayer (India) Ltd (1976) Studies on the Toxic Hazards of Methyl
Parathion Preparations to Human Workers When Engaged in Agricultural
Pest Control Operations Under Indian Field Conditions, Haffkine Institute,
Bombay, Report on behalf of Bayer (India) Ltd, Bombay.

The study was conducted as 3 different experiments.

Experiment 1 - Study of the Effects on Human Workers when Engaged in
Ground Spraying of Cotton Crop with Parathion-methyl 50% Emulsifiable
Concentrate Diluted at 0.1% Concentration in Water.

Experiment 2 - Study of the Effects on Human Workers when Engaged in
Ground Spraying of Paddy Crop with Parathion-methyl 50% Emulsifiable
Concentrate Diluted at 0.05% Concentration in Water.

Experiment 3 - Study of the Effects on Human Workers when Engaged in
Ground Dusting of Paddy Crop with Parathion-methyl 2% Dust.

Parathion-methyl was applied using knapsack shoulder mounted sprayers in
Experiment 1 and 2 and rotary hand dusters in Experiment 3.  In all
Experiments, workers considered to be wearing PPE wore drill pants, bush shirt,
waterproof plastic overcoat, surgical gauze covering nose and mouth, rubber
gloves covered by polyethylene bags, shoes or chappals, while those without
PPE wore a dhoti, full sleeved shirt, towel wound round the head (not covering
mouth and nose), polyethylene bags to cover hands and chappals or bare feet.

Estimation of ChE activity in whole blood, RBC and plasma and haematological
examination (erythrocyte and leucocyte count, haematocrit, haemoglobin level,
packed cell volume) was carried out on all workers.

The results of this study are not presented in the OHS report because;

* hand held application of parathion-methyl does not take place in Australia;

* dust formulations of parathion-methyl are not registered in Australia;

* parathion-methyl products are not registered for use on rice paddy in Australia
and

* normal clothing and PPE used in this study reflect cultural practices in India
and do not represent work practices in Australia.
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(4a) Jones PA, Reeves R (1987) Ethyl Parathion - Mixer, Loader,
Applicator Study, Hazelton Laboratories America, Inc., Study Number
PAL-EF87-32, 22 October 1987.

(4b) MacGregor DC (1988) Worker Exposure Study for Ethyl Parathion -
Determination of Ethyl Parathion in Dermal Patches and Handwash
Solutions and Para-nitrophenol in Human Urine, Study HLA 6012-197, 4
January 1988.

Study (4a) was conducted to meet the requirements of the US Environment
Protection Agency (EPA) in the document “Guidance for the Re-registration of
Pesticide Products Containing Ethyl Parathion”, Guideline #158.75, issued in
December 1986.  It investigated dermal exposure and urinary excretion of
parathion for workers using parathion in orchards and field crops.

The chemical analysis of dermal patches, hand wash solutions and urine
specimens collected in this study, was conducted by Hazelton Laboratories,
USA.  Results were presented in Study (4b), which was conducted according the
US EPA Subdivision K Guidelines (US EPA, 1991).  Analytical procedures and
the results of individual samples and quality controls are given in detail.

Both studies are considered together in this report.

Study details

Parathion was used in the study in accordance with US label directions,
including usage directions and PPE.

The study was conducted at 8 sites in the US, with one site monitored twice.
Two formulations of parathion were used, a 50% WP on 3 sites and a 95.8% EC
on 6 sites.  The WP parathion was applied as a ground spray (airblast) to apples,
pear and olive orchards (one each), whilst the EC formulation was applied to
field crops (grain, sorghum and cotton) as boom spray (3 crops) and aerial spray
(3 crops).  All parathion-methyl EC products currently registered in Australia
contain 500 g/L.

Both mixer/loaders and applicators were monitored in the study.  In the WP
study, mixer/loaders were monitored over 6 cycles, and applicators over 2 days
of application.  In the EC study, mixer/loaders were also monitored over 6
cycles, however a comparison between open-pour and closed loading systems
was conducted.  Aerial spray applicators were monitored during the time taken
to spray one load.
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Mixer/loaders using the WP formulation by the open-pour method, opened bags,
poured contents into spray tank, ripped down bag on one side and rinsed it under
water being used to fill spray tank.  Mixer/loaders handling the EC formulation
by the open-pour method opened containers, poured/pumped out the required
quantity of product into a measuring jug and rinsed empty containers under
water used to fill the spray tanks.

The study conditions are detailed in Tables 4 - 6, including exposure duration,
amount of parathion handled, application rates (in kg ai/ha) and spray volumes
(L/ha).

Detailed descriptions of actual field and weather conditions, equipment used
and mixing/loading and application procedures were obtained for all sites.

Dermal exposure monitoring

Potential dermal exposure (excluding hands) was determined using modified
Durham-Wolfe gauze patches attached to the outer side of the protective
clothing worn by some ground and aerial mixer/loaders and aerial applicators.
Ground applicators were not monitored.  Outer patches were located on the back
of both forearms, both shins, in front of both thighs, on top of both shoulders, at
the back of the neck (at the edge of the collar) and upper chest near jugular
notch.

Penetration of parathion through waterproof clothing was determined using
similar patches attached under the top layer of clothing worn by some ground,
aerial and orchard mixer/loaders.  The inner patches were attached such that
they were not directly under the outer patches or directly under a seam.  Internal
patches were located on both thighs and both shoulders.  No internal patches
were attached to any applicators.

Actual exposure of hands was determined by obtaining handwash samples.
Each hand was placed in a fridge plastic bag containing distilled water and
surfactant, and shaken vigorously for one minute.  Samples for each hand were
pooled: each hand was analysed separately.  Daily handwash recovery samples
were collected.  Details were provided on the storage of samples.

Dermal patches and handwash solutions were analysed by gas chromatography.
The limit of detection was 0.5 µg/patch for dermal patches and 0.5 µg/400 mL
for handwash solutions.

Outside dermal patch residues were extrapolated for whole body exposure using
the standard body part sizes of Berkow (1931) and the dermal patch exposed
surface area of 23.75 cm2.

Total handwash residues for each replicate per worker were added for total hand
exposure values.
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Biological monitoring

Each worker’s chemical exposure and general health history was obtained for
the preceding month.  Workers were instructed not to handle or come in contact
with parathion for 48 hours after the trial day.

Urinary PNP was measured as an indicator of parathion absorption.  Total
urinary PNP (ppb) was determined over 3 days; trial day designated as the day
of exposure, day 2 - day after trial and day 3 - second day after trial.

Pre-exposure urine samples were obtained from all workers.  All urine samples
were collected during the trial day and for the next 48 hours.  Samples were
analysed separately.

Urinary PNP was analysed by gas chromatography.  The limit of detection was
50 µg/L or 50 ppb.  This could not be compared with the ACGIH BEI for
parathion of 0.5 mg PNP/g creatinine, because study results were not presented
relative to creatinine excretion.

Results are presented in Tables 4 - 6.

PPE

All mixer/loaders and applicators wore short- or long-sleeved shirts, long pants
and socks under PPE.  The PPE worn by each worker is included in Tables 4 -
6.

Results

Study conditions, PPE, individual dermal exposures and urinary PNP levels are
presented as follows: horticultural crops sprayed with WP formulation (Table
4), field crops boom sprayed with EC formulation (Table 5) and field crops
aerially sprayed with EC formulation (Table 6).

Results were presented for internal and external patches on the shoulders and
thighs of some applicators.  Following is a summary of the results.

During airblast application in orchards (3 subjects, 3 replicates each) parathion
residues on 2/9 internal shoulder patches were , LOD, while only 1/9 external
samples contained residues <LOD.  All residues on internal thigh patches were
<LOD, while residues on all external thigh patches exceeded this value.
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During aerial application in field crops, residues were below the LOD in 5/9
external shoulder patches and 3/9 internal shoulder patches.  Residues on thigh
patches were <LOD on all internal patches and all external patches had residues
above this level.

During ground spraying of field crops (2 subjects, 3 replicates each) all shoulder
and thigh internal patches had residues <LOD, while only 2 external patches
exceeded this level.

No particular trend was noted when comparing internal and external patches.
Hands are known to be the greatest source of contamination during
mixing/loading operations.  Hence, data obtained from internal and external
patches are not used in the risk assessment.
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Table 4. - Exposure measurements for horticultural crops when using 25 WP formulation, derived from Cheminova studies PAL-EF- 87-32 and HLA 6012-197

Worker ID, lbs active ingredient
handled, duration of  exposure,

application rate (% ai in spray) and
number of replicates

Mixing/loading and
application method

Personal protective
equipment

Dermal exposure Urine PNP (indicated as ppb when >level of detection (LOD)
only)

Potential exposure
(excluding hands)
 (µg/kg ai handled)

Actual exposure
of hands

(µg/kg ai handled)
Mixer/loaders
F - 30 lb, 39 min, 2.2 kg ai/ha and 940 L
spray/ha (0.2%), 3 replicates

G - 30 lb, 30 min, 2.2 kg ai/ha and 940 L
spray/ha (0.2%), 3 replicates

I - 18 lb, 31 min, 2.2 kg ai/ha and 940 L
spray/ha (0.2%), 3 replicates

J - 18 lb, 30 min, 2.2 kg ai/ha and 940 L
spray/ha (0.2%), 3 replicates

L - 3.75 lb, 10 min, 4.2 kg ai/ha and
14100 L spray/ha (0.03%), 3 replicates

M - 3.75 lb, 9 min, 4.2 kg ai/ha and
14100 L spray/ha (0.03%), 3 replicates

Applicators
H - 95 lb, 8 hours, 2.2 kg ai/ha and 940
L spray/ha (0.2%), 2 replicates

K - 42 lb, 8.1 hours, 2.2 kg ai/ha and
940 L spray/ha (0.2%), 1 replicate

N - 50 lb, 5.95 hours, 4.2 kg ai/ha and
14100 L spray/ha (0.03%), 2 replicates

Mixer/loaders
All mixer/loaders -
open-pour method

Applicators
H - simulated open-
cab airblast sprayer

K - open-cab airblast
sprayer

N - open-cab airblast
sprayer

Mixer/loaders F, G, I, J wore
rubber boots, waterproof
short sleeved coveralls, coat,
waterproof hat, rubber gloves
dual cartridge respirator,
goggles

Mixer/loaders L and M wore
long sleeved overalls as well
as other PPE specified above

Applicators
H- as mixer/loaders L and M

K - as H plus air purifying
respirator

N- as H plus full face
respirator with full hood

Mixer/loaders
F -4987.4

G - not measured

I - 813.8

J - not measured

L -29087

M - not measured

Applicators
H - not measured

K -not measured

N - not measured

Mixer/loaders
F - 4.2

G - 3.6

I - 8.7

J - 29.3

L - 190.2

M - 353.6

Applicator
H - not measured

K -not measured

N - not measured

Mixer/loaders
F - trial day - 1/4 samples >LOD (96),  others <LOD

G - all samples < LOD

I - all samples < LOD

J - pre-exposure sample > LOD (65); trial day - 1/1 samples >
LOD (102) others < LOD (a)

L - all samples < LOD

M - all samples < LOD

Applicators
H - pre-exposure sample > LOD (85); trial day - 2/2 samples
> LOD (290, 270): day 2-  3/3 samples > LOD (180, 120,
210); day 3 - 4/4 samples > LOD  (77, 93, 100, 93) (b)

K - pre-exposure sample > LOD (65); trial day - 2/3 samples
> LOD (122, 150); day 2 - 1/5 samples > LOD (122); others
< LOD (c)

N - trial day - 5/9 samples > LOD (range 128 - 260); day 2-
3/7 > LOD (440, 172, 112); day 3 - 1/6 samples > LOD  (64)
(d)

(a) Worker J last handled parathion approximately 4 months before trial and handled a pyrethroid 6 days before trial; (b) Worker H was last exposed to parathion the year before the trial (month not
provided) and handled dimethoate three days before trial; (c) Worker K  was last exposed to parathion two months before trial.  He handled Vendex, Guthion and Phosphamidon 2 weeks prior to the
trial. (d) Worker N last handles parathion one month before the trial and handled Sevin, Guthion and diazinon on the three days prior to the trial
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Table 5. - Exposure measurements for field crops when using 8 EC formulation as a ground spray, derived from Cheminova studies PAL-EF- 87-32 and HLA 6012-197

Worker ID, lbs active
ingredient  handled, duration
of  exposure, application rate
(% ai in spray) and number

of replicates

Mixing/loading and
application method

Personal protective equipment Dermal exposure Urine PNP (indicated as ppb when
>level of detection (LOD) only)

Potential exposure
(excluding hands)
 (µg/kg ai handled)

Actual exposure
of hands

(µg/kg ai handled)
Mixer/loaders
A - 75 lb, 41 min, 1.1 kg ai/ha
and 188 L spray/ha (0.6%), 3
replicates

O - 36 lb, 23 min, 1.1 kg ai/ha
and 244 L spray/ha (0.5%), 3
replicates

Applicators

B - 225 lb, 15.7 hours, 1.1 kg
ai/ha and 188 L spray/ha
(0.6%), 1 replicate

E - 150 lb, not available, 1.1 kg
ai/ha and 188 L spray/ha
(0.6%), 2 replicates

P - 98 lb, 6.3 hours, 1.1 kg ai/ha
and 244 L spray/ha (0.5%), 1
replicate

V - 400 lb, 5.8 hours, 1.1 kg
ai/ha and 38 L spray/ha (2.9%),
1 replicate

Mixer/loaders
All mixer/loaders -
open-pour method

Applicators

B and E - open-cab
boom sprayer

P -closed cab boom
sprayer

V - simulated open
cab boom sprayer

Mixer/loaders A and O wore rubber
boots, waterproof short sleeved
coveralls, coat, waterproof hat,
rubber gloves dual cartridge
respirator, goggles

Applicators

B - as mixer/loaders

E - not available

P -as mixer/loaders with tennis
shoes instead of boots

V - as mixer/loaders

Mixer/loaders
A - 92.6

O - 33.3

Applicators

B -not measured

E - not measured

P - not measured

V - not measured

Mixer/loaders
A - 9.3

O - 4.4

Applicators

B - not measured

E - not measured

P - not measured

V - not measured

Mixer/loaders
A - all samples < LOD

O - all samples < LOD

Applicators

B - all samples < LOD

E - all samples < LOD

P - trial day - 1/2 samples > LOD (88);
day 2 - 1/5 samples > LOD (172); others
< LOD

V - all samples < LOD
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Table 6. - Exposure measurements for field crops when using 8 EC formulation as an aerial spray, derived from Cheminova studies PAL-EF- 87-32 and HLA 6012-197

Worker ID, lbs active ingredient
handled, duration of  exposure,

application rate (% ai in spray) and
number of replicates

Mixing/loading and
application method

Personal protective equipment Dermal exposure Urine PNP (indicated as ppb when >level of detection
(LOD) only)

Potential exposure
(excluding hands)
 (µg/kg ai handled)

Actual exposure
of hands

(µg/kg ai handled)
Mixer/loaders
C - 150 lb, 46 min, 1.1 kg ai/ha and 19 L
spray/ha (6%), 3 replicates

Q - 260 lb, 74 min, 1.1 kg ai/ha and 94 L
spray/ha (1.2%), 3 replicates

T - 440 lb, 25 min, 1.1 kg ai/ha and 9 L
spray/ha (12%), 3 replicates

Applicators

D - 150 lb, 77 min, 1.1 kg ai/ha and 19 L
spray/ha (6%), 3 replicates

R - 130 lb, 73 min, 1.1 kg ai/ha and 94 L
spray/ha (1.2%), 1 replicate

S - 130 lb, 74 min, 1.1 kg ai/ha and 94 L
spray/ha (1.2%), 1 replicate

U - 440 lb, 78 min, 1.1 kg ai/ha and 9 L
spray/ha (12%), 3 replicates

Mixer/loaders
C - open-closed
method

Q - closed mixing

T - open-closed
method

Applicators

All applicators used
fixed wing aircraft

Mixer/loaders
C -  rubber boots, waterproof short
sleeved coveralls, coat, waterproof
hat, rubber gloves dual cartridge
respirator, goggles

Q - as C plus full face shield and
baseball hat

T - as C

Applicators

D - full length long-sleeved cotton
suit, shoes and crash helmet

R and S - short-sleeved cotton
overalls, helmet, sunglasses

U - no protective clothing

Mixer/loaders
C - 282

Q - 12.7

T - 2024.4 (b)

Applicators

D - 3.2

R - 3.6

S - 4.8

U - 57.8

Mixer/loaders
C - 4.2

Q - 0.3

T - not measured
(c)

Applicators

D - not measured

R - not measured

S - not measured

U - not measured

Mixer/loaders
C - trial day- all samples < LOD, day 2 - 3/3 samples
> LOD (119, 123, 51); day 3 - 1/2 samples > LOD
(63); all others < LOD

Q - all < LOD (a)

T - trial day 1/2 samples > LOD (736); day 2- 4/8
samples > LOD (range 84 - 360); day 3 - 2/2 samples
> LOD (76, 120); all others < LOD (b)

Applicators

D - all < LOD

R - all < LOD

S - trial day -2/5 samples > LOD (176,  68); day 2 -
1/4 samples > LOD (176); day 3- all < LOD

U - samples discredited (d)

(a) only 2 urine samples obtained on trial day and 1 sample on day 2
(b) a spill of concentrate occurred during replicate 1 resulting in high concentrations on right thigh and right shin patches.  However, the values depicted in the table include these patch residues.
(c) due to a spill of concentrate inside protective glove during replicate 1, no handwashes were taken
(d) urine samples from this worker were discredited because it was discovered after  the study that he had worker with parathion a few hours prior to the initiation of the study
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(5) Maddy K, Gibbons D, Kilgore S, Margetich S (1984) Ethyl Parathion -
Potential Exposure of Applicators to Parathion When Treating Citrus in
Riverside County, Study Number HS-1059, California Department of Food
and Agriculture, dated 19 March 1984.

This study investigated daily dermal and inhalation exposure over 3 individual
days, when parathion was applied by vertically mounted boom sprayer to a
dense citrus orchard.  The cab of the vehicle was open, but had a metal roof and
side curtains for protection.  Only applicators were monitored.  The
concentration of spray used in the study of 0.03% - 0.05% ai [5 pounds active
ingredient per acre (5.6 kg ai per hectare) in 1200 to 1800 US gallons (11215 -
16820 L/ha) of water] is identical with the use pattern in citrus under Australian
conditions.

The 2 study participants wore polyester/cotton coveralls over cotton long-
sleeved T-shirts and cotton leggings.  One applicator wore glove liners under
leather gloves, while the other did not wear gloves or glove liners.  This was in
contrast to the extensive PPE on the US label, as the study aimed to ascertain
the degree of protection offered by semi-closed cabs in contrast to impervious
clothing.  Extensive PPE including impervious clothing and a respirator are
recommended on Australian labels.

Results

Inhalation exposure (based on breathing zone samples) was a maximum of 53
µg/m3, when estimated as a TWA.  This was below the Permissible Exposure
Limit of 100 µg/m3 in the US and California regulations and is below the
NOHSC TWA Exposure Standard for parathion-methyl of 200 µg/m3 (this
comparison does not account for the skin absorption of the chemical).  Inhaled
residues were collected on XAD-4 resin tubes and glass fibre filters designed to
trap particles of >0.3 µm diameter.  However, as no detectable parathion was
collected on the resin tubes, the study authors concluded that parathion residues
were in particulate rather than vapour form.

Dermal parathion residues were measured on the inside (whole body
dosimeters) and outside (whole coverall) of worker clothing.  Handwashes and
residues on glove liners (worn by one applicator only) were used to determine
hand exposure.  Dermal exposure to the face and neck was extrapolated from
residue measurements on clothing.

Actual dermal exposures for an 8 hour day were as follows:

Face and neck - 12.24 mg
Hands - 11.95 mg
Area covered by overalls - 8.8 mg

Averaged over the 3 application days, the estimated parathion residues available
for uptake was 33 mg/8 hour day.  Dermal contamination was distributed as
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follows: unprotected skin (head, neck and face) 37%, hands (inside leather
gloves) 36.2%, arms 14.4%, back 4.8%, legs 4.2% and front (chest) 3.4%.
Approximately 3% of the parathion falling on coveralls was transmitted through
to under clothing.

Biological monitoring of urinary PNP in whole urine collections, reconverted to
parathion residues absorbed by using a factor of 2.09 µg parathion/µg PNP,
indicated that 6.5 mg parathion (mean value) was absorbed per day.

This study also looked at heat exposure for these applicators using ACGIH
methodology.  It concluded that had workers been wearing waterproof clothing
and had no sun roof protection, they would have exceeded the recommended
heat exposure level.

(6) Carman GE, Iwata Y, Pappas JL, O’Neal JR, Gunther FA (1982)
Pesticide Applicator Exposure to Insecticides During Treatment of Citrus
Trees with Oscillating Boom and Airblast Units.

This study was conducted in California USA, to determine applicator exposure
to parathion during spray application to citrus crops using oscillating boom
sprayers and airblast units.

Spraying an EC formulation of parathion by oscillating boom

For tests using oscillating boom sprayers, an EC formulation was used at a rate
of 0.38 lb ai/100 gallon (3.14 g/L) (0.3% ai in the spray). A total spray volume
of 2500 gallons was applied.   Spraying conditions were varied to simulate
actual application scenarios.  Open tractors, vehicles with cabs and open
windows, vehicles with cabs and closed windows and filtered air cabs were
tested.  Single- and double-sided delivery systems were employed.  One study
subject was used in each case.  Gauze patches pinned onto the applicator’s
coveralls were used to determine potential dermal exposure. Patches were
placed on the chest, on the back, on top of each shoulder, on each upper arm and
lower arm and each upper leg.  Inhalation exposure was measured using
impingers placed on subject’s chest.  Pre- and post-exposure urine samples
were collected.  Creatinine, diethyl-phosphate (DEP) and diethylthiophosphate
(DETP) levels were estimated.

The limitations of this study included the unavailability of large acreages of
trees, the lack of control over climatic factors and the small number of subjects.
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Results

Results of potential dermal exposure and inhalation exposure are presented in
Table 7.

Inhalation exposure in all cases was below the NOHSC TWA Exposure
Standard for parathion-methyl of 0.2 mg/m3.  This does not account for skin
absorption of the chemical.

When a single sided oscillating boom was used, greater exposures were noted
on the left side (results not shown in this report) which was the side on which
the driver sat in the cab, the side on which the boom was located and side to
which the vehicle turned to enter another row of trees.  This study demonstrated
that under Californian conditions, closed cab vehicles (without air conditioning)
greatly increased the heat stress of the driver.

Spraying a WP formulation of parathion by airblast sprayer

This section of the study was conducted in several stages.  Initially, a WP
formulation of parathion was applied at a rate of  0.38 lb ai/100 gallon (0.3% ai
in the spray).  An open tractor, a vehicles with cab and open windows and a
vehicle with cab and closed windows were used.   One study subject was used in
each case.  Potential dermal exposure and inhalation exposure were measured
as for oscillating boom applications.

The next stage of the study was conducted to investigate the role of formulation
on exposure.  A WP formulation and EC formulation of parathion were used at
identical concentrations.

Results

Results of potential dermal exposure and inhalation exposure are presented in
Table 7.  Inhalation exposure in all cases was below the NOHSC TWA
Exposure Standard for parathion-methyl of 0.2 mg/m3.  This does not account
for skin absorption of the chemical.

The advantage of one formulation over the other could not be demonstrated
(results not shown in this report).

The effect of spraying by using single- and double-sided delivery systems were
studied.  Results using double-sided delivery equipment were quantitatively
similar to the results from single-sided delivery spraying (results not shown in
this report).

(7) Spittler TD, Bourke JB (1985) Potential Exposure in the Application of
Pesticides to Orchard and Field Crops, Dermal Exposure Related to
Pesticide Use.
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The following observations were made to determine exposure during
application of different formulations of pesticides (including parathion) to
orchard and field crops.  Four cultivation programs were investigated during the
period 1980 - 1982.  Airblast applications in apple orchards was trialled,
together with low and high pressure booms and drop nozzle boom spraying in
green beans, cabbage and onions.  Potential dermal exposure was determined
using gauze patches attached to front of chest, centre of back and outer side of
left leg at knee level.  Whole body suits (disposable coveralls) were employed
for certain specific tasks.  The application rates used in orchards and field crops
were not specified.  Mixer/loaders and applicators were monitored in orchards.
In addition, Integrated Pest Management (IPM) scouts and harvesters were
studied in field crops.

The study focussed more on specific tasks and practices rather than typical
routine exposures during mixing/loading and application.

Results

Results are reported as averages only, with individual results not available.
Results are presented in Table 7.

Spray cabs were shown to reduce potential dermal exposure during airblast
spraying and drop nozzle boom spraying.  Operator dermal exposure was found
to be minimal when low pressure low boom sprayers (LPLB) were used, under
normal application conditions.  Dermal exposure was marginally higher when
using LPLB sprayers than high pressure low boom (HPLB) sprayers.  No
preferential transfer was noted between parathion, Benlate and Orthene for
freshly applied chemical during extra-vehicular activity.  During boom
application in field crops, very little airborne pesticide was found in the vicinity
of the spray cab.

Variation in formulation type was noted to have an impact on exposure during
mixing/loading.  Liquid formulations caused problems only when associated
with poor technique (eg. splashing, spilling).  Dusty formulations resulted in
greater potential exposure.  When the mixing/loading time was approximately
20% of the total application cycle, it produced approximately 75% of the
potential dermal exposure.  Hence the study authors recommended the use of
full protection during filling operations.
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Table 7. - Summary of worker exposures obtained from  the literature

Worker category, crop,
equipment, chemical and % ai in

the spray (reference)

Number of subjects
and tests

Mean potential dermal exposure
(1) and mean air concentrations

Urinary metabolites Comments

Applicator only,
citrus,

oscillating booms,
parathion,
0.3% ai

(Carman et al., 1982)

two tests with one
applicator per  test

Open tractors
Dermal - 4.38 µg/cm2/hr

Air concentration - 64 µg/m3

Cab with open windows
Dermal - 2.07 µg/cm2/hr

Air concentration - 82 µg/m3

Closed cab
Dermal - 0.03 µg/cm2/hr

Air concentration - 11.5 µg/m3

Filtered air cab
Dermal - 0.01 µg/cm2/hr

Air concentration - 5 µg/m3

No trend was noted in apparent DEP
excretion values.  Apparent DETP levels
were present above 0.1 ppm only in
urine samples collected after spraying
with an open tractor.

The study authors state that urinary
excretion values of DEP and DETP
should be interpreted with caution
because background coextractives which
are not independent of diet varied from
sample to sample.

Wind speed, temperature and humidity were similar
but not identical for all tests.

Potential dermal exposure was measured using
gauze patches pinned to the outer side of workers
coveralls on the chest near throat, back of chest near
nape of neck, top of each shoulder, each upper arm
near shoulder, dorsal side of each lower arm near
wrist and each upper leg near knee.

Inhalation exposure was measured using impingers
placed on subjects chest.

Pre- and Post exposure urine samples were obtained
from all workers.  DEP and DETP were measured
and expressed relative to creatinine excretion.

Applicator only,
citrus,

airblast equipment,
parathion,
0.3% ai

(Carman et al., 1982)

two tests with one
applicator per  test

Open tractors
Dermal - 0.33 µg/cm2/hr

Air concentration - 12 µg/m3

Cab with open windows
Dermal - 0.48 µg/cm2/hr

Air concentration - 45 µg/m3

Closed cab
Dermal - 0.01 µg/cm2/hr

Air concentration - 4 µg/m3

No apparent trend was noted in the DEP
and DETP levels to confirm exposure.

Test conditions, potential dermal exposure
estimation and inhalation exposure estimation were
as above.

Mixer/loader/applicator,
apples,

airblast spraying,
surrogate data,

application rate not available
(Spittler and Burke, 1985)

25 workers Spraying using cabless vehicles
Dermal - 0.67 µg/cm2/kg ai handled

Spraying using cabs with charcoal
air filters

Dermal - 0.15 µg/cm2/kg ai handled

Not tested Dermal exposure was measured using gauze patches
attached to the outside of each workers clothing at
the following sites: over heart, centre of back and

outside of left leg at knee level

All workers wore 100% cotton gloves (hand
exposure not considered)

(1) The results presented here are a sum of the average results for each body area.  The study authors present total exposure as an average of all areas combined.
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(8) Other studies from the scientific literature

Cohen et al. (1977) and Richter et al. (1980) studied the sources of parathion
exposure to aerial operators (pilots and ground staff) spraying cotton in Israel.
This exposure data is used in this report as surrogate to estimate potential
exposure to parathion-methyl, when used as indicated in the study.  Pilot
inhalation exposure was estimated by placing personal samplers on the
instrument panel in cockpits while ground crew wore personal samplers in their
shirt pockets.  Dermal exposure was estimated by measuring residues deposited
on filter papers wetted with ethylene glycol attached to workers’ shirts and hand
wash solutions.

Pilots were exposed to dust, mist (stirred up when aircraft takes off and lands)
or vapours at the loading site.  In flight exposure resulted from flying back into
clouds of pesticide aerosols and vapours which remained dispersed after
spraying.  Sampling was divided into two categories, sampling period <30
minutes (to detect sudden brief peaks in exposure) and >30 min (to estimate
average daily exposure).  Results for the shorter inhalation exposures were
compared with the 15 min. NIOSH recommended STEL value for parathion of
0.3 mg/m3 (NOHSC does not have a STEL value for parathion or parathion-
methyl) whereas the longer exposures were compared with the 8-hour NIOSH
recommended TWA value for parathion of 0.1 mg/m3 (lower than NOHSC 8-
hour exposure standard for parathion-methyl).  Not considering dermal
exposures, cockpit exposures exceeded the above mentioned STEL in one of the
12 short exposures (air concentrations ranged from 0.009 - 0.43 mg/m3) and the
parathion TWA in 2 of the 19 longer sampling periods (air concentrations
ranged from 0.002 - 0.41 mg/m3).  Wind conditions were found to influence
cockpit concentrations of parathion.  In flight exposure data indicated that a
sense of smell was not indicative of parathion exposure and that the dermal
route was predominant in parathion absorption.

On the ground, parathion air concentrations from personal sampling were in the
range 0.004-0.068 mg/m3, below the STEL and TWA values (sampling time 32-
218 min.).

The observations in this study were insufficient to determine whether pilot skin
absorption occurred as a result of ground level exposure, contaminated cockpit
or both.  Several pilots recalled transient muscle weakness, blurred vision,
dizziness, nausea and headache when they smelled pesticide in the cockpit and
commented on decreased alertness and co-ordination.  Visual observations
indicated that ground crew were exposed from pesticide puddles or dust
(depending on parathion formulation used), contaminated equipment and
aerosols produced when hosing down contaminated aircraft.  Assuming a 10%
dermal penetration for parathion-methyl, the total amount absorbed by pilots
was up to 20 µg/hr (in a similar range as respiratory exposure), while ground
crew received much higher dermal exposures (500 µg/hr).
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The study authors recommend environmental controls such as paving of landing
areas, drainage, separate loading and unloading sites and hosing arrangements,
personal control measures such as impermeable uniforms, boots and gloves and
measures to control airborne exposure such as absolute filters for aircraft.

Draper et al. (1981) estimated potential exposure to bystanders during a typical
aerial application of a mixture of parathion and parathion-methyl to alfalfa.  The
formulated mixture contained parathion and parathion-methyl in a 2:1 ratio.
The intended application rates were 113 g parathion/acre (282.5 g/ha) and 57 g
parathion-methyl/acre (142.5 g/ha).  These rates are lower that the maximum
rate proposed for aerial application of parathion (in field crops) and lower than
the maximum rate proposed for aerial application of parathion-methyl (in
cotton).  Application of pesticide was carried out in good meteorological
conditions and according to label instructions.  Samples of alfalfa were obtained
from 2 sites in the field, whole non-target samples (from a staked sampler) were
obtained from a location 50 yards (45 meters) from the perimeter of the field.
During pesticide application surface deposition at the non target site was
between 9.2% and 10.3% of that sampled within the treated area.  Bystander
exposure was assumed to occur dermally and only across the normally
unclothed body surfaces, ie. face, hands, forearms, back and front of neck and
the “V” of the chest (a total exposed surface area of 2930 cm2).  It was estimated
that a bystander 45 meters away from the treated area was exposed to a dermal
dose of 0.38 mg parathion-methyl.  The study authors propose that bystander
contamination would probably occur rapidly.

3.6  Studies on protective clothing and equipment

A study by Hartwell et al. (1965) demonstrated the significance of inhalation
exposure during the formulation and use of organophosphate insecticide
products (including parathion and parathion-methyl) and the effect of different
types of respiratory equipment.  By recording the number of poisonings and
incidents of RBC ChE depression, the studies showed that canister-type
respirators are inadequate and that self-contained breathing apparatus must be
supplied with uncontaminated air.

Easley et al. (1981) investigated the removal of parathion-methyl residues from
denim fabric by comparing four laundry procedures: pre-rinse, detergent,
detergent and ammonia and detergent and bleach.  Contaminated cotton and
cotton/polyester (50:50) denim was tested using EC, WP and encapsulated
formulations of parathion-methyl.  Results indicated that the laundry process
removed 80% - 90% of residues.  The mean percentages removed were; WP >
encapsulated formulation > EC.  The EC formulation was apparently the most
difficult to remove.  Pre-rinsing aided in the removal of residues while the fibre
content of the fabric made no difference in the efficacy of parathion-methyl
removal.  Chlorine bleach was slightly more effective than ammonia as a
laundry additive.
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The transfer of parathion-methyl residues from contaminated cotton and
cotton/polyester denim to subsequent laundry and to laundry equipment were
investigated by Laughlin et al. (1981) using the experimental conditions of
Easley et al.  Cotton transfer fabric was used to simulate family textiles.  The
quantity of parathion-methyl residues transferred in laundry was miniscule in
comparison with the residue available in contaminated laundry.  Wettable
powder formulation transferred most readily due to their particulate nature.

As a follow up study, Laughlin et al. (1989) studied the dissipation of parathion-
methyl residues from laundered protective clothing. Preceding studies
demonstrated that as the concentration of parathion-methyl increased, removal
became increasingly difficult.  In this study, cotton and 50% cotton/50%
polyester fabric unfinished (UN) or fluoroaliphatic soil repellent (SR) samples
were contaminated with field strength concentration (1.25% ai) and an undiluted
EC formulation (54% ai) of parathion-methyl.  Specimens were then laundered
and held under one of four conditions which included varying temperatures, air
flow and relative humidity.  Laundering significantly decreased the amount of
parathion-methyl residue.  Larger percentages of residue remaining after
laundering were found in the SR specimens although the amount of initial
contamination was lower in these specimens.  Both time and conditions of
holding affected residues, with the greatest residues found in specimens held at
0°C and least residues after the longest time period (24 weeks).  The holding
condition contributing most to the dissipation of residue was the presence of
moving air at  room temperature.  Laundering plus holding in moving air
significantly reduced the concentrate.

3.7  Re-entry exposure

Categories of re-entry workers vary depending on crop.  In cotton, chippers,
cotton scouts, entomologists and other workers are expected to regularly re-
enter treated areas.  Harvesting of cotton is a mechanical operation.  In
horticultural crops, workers can re-enter treated fields to check pest pressure and
quality of fruit and for fruit picking/harvesting.  Manual harvesting of fruit is
subject to a 14 day WHP specified on the labels.  Re-entry into field crops is not
expected to be a frequent occurrence.  Harvesting of field crops is often
conducted mechanically.

No worker re-entry exposure studies following parathion-methyl application
were submitted for assessment.  Hence, re-entry exposure is estimated from
published data.

3.7.1  Re-entry Period

All registered parathion-methyl products in Australia carry a REP of between 2 -
5 days.

In the US, parathion-methyl is classified as a restricted use pesticide, and
approved for outdoor use only (PJB Publications Ltd., 1997).  Following the
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illegal use of parathion-methyl EC formulations for household pest control,
Cheminova Agro reached an agreement with the US EPA in 1996 to withdraw
existing EC formulations of parathion-methyl and reformulate them with an
odour agent. Mixtures and ME formulations of parathion-methyl were not
affected by this recall.

Under US conditions, the current Federal REP for parathion-methyl products is
48 hours for all crops.  California recommends a REP of 21 days for parathion-
methyl in peaches and nectarines, 14 days in citrus, grapes and apples when the
application rate is > 1 lb/acre (1.12 kg/ha) and 48 hours when used at lower
application rates.

In response to the data call-in by the NRA, a registrant of parathion-methyl
(Cheminova Australia Pty Ltd) submitted the following proposals which were
developed in the US and submitted to the US EPA:

1. Cheminova (1988) Methyl Parathion: Proposal for Re-entry Level for
Establishing Re-entry Intervals, Study No Kly/880323, 23 March 1988.

2. Severn DJ (1990) Methyl Parathion: Proposal for Re-entry Intervals for
Cotton, Field and Vegetable Crops and Corn, Study No JSCF Code 281.1,
Jellinek, Schwartz, Connolly and Freshman, Inc., 17 August 1990.

The proposed REP is based on the allowable exposure method (US EPA, 1991,
#134-2).  A safe re-entry level was proposed for parathion-methyl based on a
21- day dermal toxicity study in rabbits and on correlations published in the
scientific literature between foliar residues and dermal exposure of field workers
(Popendorf et al., 1982 and Zweig et al., 1985).  An allowable exposure level of
0.1 mg/kg/d was determined for parathion-methyl based on the rabbit dermal
study.  However, it is noted that the US EPA required further data on this study.
The safe re-entry level used to propose a REP for parathion-methyl was 0.15
µg/cm2 on foliage.  Contrary to the similar proposal for parathion, no safe level
was proposed for paraoxon-methyl residues.

Based on dislodgeable residue dissipation data for cotton obtained from Buck et
al. (1980) and Ware et al. (1983), a REP of 72 hours was proposed for cotton,
field and vegetable crops.  Since the US labels recommend an application rate of
1 lb/acre (1.12 kg ai/ha) for corn, a REP of 48 hours was proposed for
parathion- methyl products in corn.
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3.7.2  Measured re-entry exposure studies

The following studies were obtained from the scientific literature:

* Re-entry in cotton fields treated with parathion and parathion- methyl: Ware et
al. (1973), Ware et al. (1974b), Burns et al. (1975) and Ware et al. (1975).

* Re-entry in apple orchards treated with parathion-methyl alone: Davis et al.
(1981) (this study includes specific data on EC and ME formulations of
parathion-methyl) and Nemec et al. (1968);

* A study by Wicker et al. (1979), investigating sweet corn packers in a crop
treated with a mixture of parathion and parathion-methyl.

Study details and results are summarised in Tables 8 - 10.
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Table 8. - Summary of Re-entry studies

Study
reference

Ware et al. (1973) Ware et al. (1974b) Burns et al. (1975)

Chemical,
crop, No. of
subjects,
activity,
application
method and
rate

A combination of parathion
and parathion-methyl, cotton
fields, two volunteers, aerial
application, 0.6 kg ai/ha each
(concentration of spray 1.3%
ai)

Parathion and parathion-
methyl, cotton fields, six
volunteers (four for each re-
entry), ground spray, 1.2 kg
ai/ha

Parathion and parathion-
methyl, Cotton fields, twelve
insect scouts, aerial spray,
parathion <0.6 kg ai/ha,
parathion-methyl 2 kg ai/ha

Personal
protective
equipment

T-shirts, jeans T-shirts, jeans, head coverings
(optional)

Long pants, short-sleeved shirt,
hat, leather boots (barefooted in
rainy weather)

Re-entry
period
observed and
duration of
exposure

Thirty minute exposures at 0,
12, 24, 48, and 72 hrs post-
application

Five hr exposures at 24 hrs
post-application

<12 hrs (0.04% of total re-
entries), 1 day (5%), 2 days
(7%), 3 days (8%) 4 days (7%),
>4 days (71%), average
exposure of 5 hrs per day

OP related
illness

None observed None observed None observed

ChE effects
and blood
levels of
chemical

RBC ChE and plasma ChE not
depressed.  Only parathion-
methyl detected in serum at 0
and 4 hour re-entries

RBC ChE and plasma ChE not
depressed with parathion-
methyl, chemical not detected
in blood.  Equivocal effect of
parathion on both ChE levels
chemical consistently detected
in blood

Significant depression of RBC
ChE and plasma ChE levels

Urinary
metabolites

PNP - not detected PNP excretion correlated with
blood pesticide levels and
blood ChE levels, average
excretion 0.5 mg parathion-
methyl (max 1.2 mg) and 0.9
mg parathion (max 1.01 mg)

PNP excretion was low (0.17 ±
0.13 mg/24 hrs), 4 samples of >
1 ppm (1 mg/L), 1/4 associated
with re-entry within 1-2 hrs, no
such association determined for
3/4

Sampling
method and
dermal
exposure

Gauze patch dosimeters and
handwashes -contamination;
trousers > hands > T-shirts. At
72 hours post-application a 30
min. exposure will result in
0.31 mg on hands and forearm
and  2.65 mg on clothing

Not measured Not measured

Sampling
method,
Inhalation
exposure and
comparison
with NOHSC
TWA (a)

Portable air samplers -
inhalation exposure not
significant,.  At 72 hours post-
application a 30 min. exposure
will result in 0.09 mg by
inhalation, < NOHSC TWA for
parathion-methyl

Portable air samplers (2/4
subjects) - respiratory exposure
not significant, max. of 1.2
µg/5 hours (parathion-methyl)
and 19.2 µg/5 hours
(parathion), < NOHSC TWA
for parathion-methyl

Not measured

Foliar/soil
residues

Rate of dissipation of foliar
residues; parathion-methyl >
parathion.  Conversion and
build up of oxons; methyl
paraoxon more rapid than that
of paraoxon

Foliar residues of parathion
(3.5 - 4 mg/m2 up to 30 hours)
2 - 3 times greater than
parathion-methyl (1-2 mg/m2

up to 30 hours), ethyl paraoxon
levels (200 µg/m2  at 30 hours)
higher than methyl paraoxon
levels (<50 µg/m2 at 30 hours)

Not measured

Conclusions of
study authors

Serum chemical levels, ChE
depression and urinary PNP are
better indicators of parathion-
methyl exposure than skin and
clothing contamination data.
Cotton checking can be safe
12-24 hrs after spraying.

Degree of contamination,
absorption and effects on blood
enzymes correspond
qualitatively with foliar residue
levels.  Urinary PNP excretion
may have been underestimated
in this study.  A REP of 24
hours may be sufficient for
parathion-methyl but not for
parathion.

Although urinary PNP was low,
ChE depression indicated that
exposure had occurred

(a) NOHSC TWA Exposure Standard for parathion-methyl of 0.2 mg/m3.  However, this comparison does not consider dermal
exposure
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Table 9. - Summary of Re-entry studies

Study
reference

Ware et al. (1975) Davis et al. (1981)

Chemical,
crop, No. of
subjects,
activity,
application
method and
rate

Parathion and parathion-methyl,
cotton fields, 14 volunteers (5
for each re-entry), ground
application, 1.2 kg ai/ha

Parathion-methyl (EC and ME), apple orchards, two subjects, hand
thinning, airblast application, 1.68 kg ai/ha, 0.04% ai in each spray
solution (subjects attempted maximum exposure, therefore results
are not typical of exposure during apple thinning)

Clothing and
personal
protective
equipment

T-shirts, jeans, head coverings
(optional)

Light cotton gloves (sample material), modified dust respirators, no
further details available

Re-entry
period
observed and
duration of
exposure

Five hour exposure periods, at
12 hrs post-application
(parathion-methyl) and 24 and
48 hrs (parathion)

1, 2, 3 and 7 days post-application, exposure to residues on three
trees only (1 minute per tree)

OP related
illness

None observed None mentioned

ChE effects
and blood
levels of
chemical

Parathion-methyl depressed
only RBC ChE (recovered
within 24 hrs), chemical
detected in blood.  Parathion
had no effect on either ChE at
24 hrs but depressed only RBC
ChE at 48 hrs.  Serum
parathion; 48 levels>24 hour
levels.  RBC ChE depression <
25% in any one individual.

Not measured

Urinary
metabolites

Urinary PNP corresponded with
blood levels of each chemical
and blood ChE effects.  Max.
excretion 0.25 mg (at 24 hrs)
and 0.12 mg (at 48 hrs) for
parathion and 1.7 mg for
parathion-methyl

Not measured

Sampling
method and
dermal
exposure

Clothing and hand washes -
degree of contamination pants >
shirts > hands.  Total
contamination (5 hour
exposure) was 6.17 mg (24
hours) and 3.03 mg (48 hrs) for
parathion and 56 mg for
parathion-methyl

cotton gloves (potential
exposure of hands only, mean ±

SD) - EC formulation (µg)

day 1 - 580 ±  420
day 2 - 330 ±  290
day 3 - 240 ±  200
day 7 - 55 ±  15

cotton gloves -(potential
exposure of hands only, mean ±

SD) - ME formulation  (µg)

day 1 - 3100 ±  580
day 2 - 3200 ±  200
day 3 - 3000 ±  190
day 7 - 1000 ±  790

Sampling
method,
inhalation
exposure and
comparison
with NOHSC
TWA (a)

Portable air samplers - Not
significant, parathion levels
3.7µg/5 hrs (24 hrs) and 1.6
µg/5 hrs (48 hrs); parathion-
methyl 75 µg/5 hrs (12 hrs), <
NOHSC TWA for parathion-
methyl

modified dust respirators
(potential inhalation exposure,
mean ±  SD) - EC formulation
(µg)
day 1 - 2.1 ±  0.9
day 2 - 3.0 ±  1.2
day 3 - 2.1 ±  0.6
day 7 - 1.4 ±  0.4
All < TWA for parathion-
methyl

modified dust respirators
(potential inhalation exposure,
mean ±  SD) - ME formulation
(µg)
day 1 - 12 ±  2
day 2 - 9.3 ±  3.4
day 3 - 7.3 ±  4.4
day 7 - 5.0 ±  3.7
All < TWA for parathion-
methyl

Foliar/soil
residues

Foliar residue dissipation;
parathion-methyl > parathion,
refer to Section 3.8 for details

Residues EC formulation (µg/cm2)       ME formulation (µg/cm2)
day 1 -             0.84                                            2.24
day 2 -             0.48                                            1.54
day 3 -              0.36                                            1.26
day 7 -              0.24                                            0.7

Conclusions of
study authors

Urinary PNP excretion and ChE
levels indicate absorption of
biochemically effective
amounts of chemical

48 hours post-application, potential dermal exposure was
approximately 10 fold higher for ME residues than EC residues.
24 hours post-application, potential inhalation exposure was 6
times higher with the ME formulation than the EC formulation

(a) NOHSC TWA Exposure Standard for parathion-methyl of 0.2 mg/m3.  However,  this comparison does not consider dermal
exposure
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Table 10. - Summary of Re-entry studies

Study
reference

Nemec et al. (1968) Wicker et al. (1979)

Chemical,
crop, No. of
subjects,
activity,
application
rate and
method

Parathion-methyl, two cotton scouts sampled
approximately 100 fruiting forms, parathion-
methyl applied at 2.24 kg ai/ha and 1.68 kg ai/ha,
ULV spraying

A mixture of parathion and parathion-methyl,
twenty five sweet corn packers (a), workers
divided into low exposure (b) and high
exposure groups (c), each group further
subdivided into those wearing gloves and not
wearing gloves, aerial application, 0.17 kg ai/ha
parathion and 0.09 kg ai/ha parathion-methyl

Clothing and
personal
protective
equipment

Normal clothing (details not available) plus
sleeveless laboratory uniforms

Long pants, short- or long-sleeved shirts, shoes,
hats (occasionally), cotton or rubber gloves
(worn by some workers in each group). Poor
personal hygiene noted among workers (d).
These factors were not considered separately.

Re-entry
period
observed and
duration of
exposure

Five minute exposures at 2, 2, and 24 hours
post-application

Corn packers handled corn 1-2 days post
application and were exposed for a full work
day.

OP related
illness

None observed even when ChE levels most
depressed

None observed

ChE effects Baseline ChE levels established for both subjects
prior to the trial.  Plasma and RBC ChE levels
determined.  Depression of ChE levels occurred
in the course of their normal work (not the trial).

Mean % ChE inhibition
High exposure            Low exposure
_______________________________
     gloves  no gloves  gloves  no gloves
_______________________________
(1 day post application)

RBC 3.2        22.9            6.0        4.6

Pl.    0.4         21.7            3.4        11.6

(2 days post application)

RBC 12.5      22.0             9.2        15.3

Pl.    21.5      23.5              8.8       12.8
Urinary
metabolites

Not measured Average urinary PNP excretion in 9 workers
without gloves 0.4 ppm (range 0.1 -  0.6 ppm),
max PNP excretion in 6 workers wearing gloves
0.1 ppm.

Sampling
method and
dermal
exposure

Arm and handwashes were obtained to determine
amount (mg) of chemical on skin
App. Rate      REP      subject 1         subject 2
(kg ai/ha)
2.24               2 hrs        2.02                      4.34

2.24               2 hrs         4.34                   10.09

1.68              24 hrs       0.16                      0.35

Not measured

Inhalation
exposure

Not measured Not measured

Dislodgeable
residues

Not measured Parathion      paraoxon      methyl
                                          parathion
                   (µg/cm2)
_______________________________
1 day post application

0.26                 0.35               0.13

2 days post application

0.16                  0.23               0.14
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Conclusions of
study authors

Re-entering cotton treated with ULV sprays of
parathion-methyl within 2 hours poses
considerable hazard.

Handling treated corn after harvest can result in
absorption of residues.  Gloves provide packers
adequate protection.

(a) The ears of corn were harvested mechanically and transported to the edge of the field where they were packed into
shipping crates.  Packers are not covered by re-entry restrictions.  An experienced worker packs around 400-500 crates
per day. (b) workers with minimal contact with the corn such as those making, loading and carrying crates (c)
workers with extensive exposure to corn such as those cutting off stalks, grading ears of corn, packing
(d) eg. clothing worn for more than one day without laundering, eating lunch in field, subject to spray drift etc
Pl - plasma

3.8  Studies on dislodgeable residues

Ware et al. (1973, 1974a, 1974b, 1975) conducted consecutive studies to
investigate leaf-surface residues and dissipation of commonly used
organophosphates in cotton.  Parathion and parathion-methyl were tested in all
studies.  Encapsulated parathion-methyl was included in one 1974 study.  In all
trials, similar quantities of active ingredient was applied. On cotton leaf
surfaces, higher residues were detected on the canopy than at the bottom.  The
rate of disappearance of residues was EC parathion-methyl > parathion >
encapsulated parathion-methyl.  The build up of paraoxon- methyl occurred at a
higher rate than the build up of paraoxon.  When applied at 1.2 kg ai/ha (within
Australian label rates in cotton), composite canopy residue levels of parathion-
methyl were as follows (Ware et al., 1975):

Time post-application (hours) Residues (µg/cm2)

at application 2.37

12 1.63

Kido et al. (1975) investigated the effects of overhead sprinkler irrigation on
parathion-methyl residues on grape leaves in California.  An EC formulation of
parathion-methyl was applied in two trials at a rate of 0.75 lb ai/acre (0.84
kg/ha) as a dilute spray [spray volume 100 gallons/acre (947 L/ha), 0.09% ai in
spray] and a concentrated spray [spray volume 25 gallons/acre (234 L/ha),
0.36% ai in spray].  Australian labels recommend a spray concentration of
0.03% ai on grapes.  In the first trial the dilute spray was applied and a part of
the treated area was sprinkler irrigated during the night after application.  In the
second trial both dilute and concentrated sprays were used and irrigation carried
out 1, 3 and 7 days after application.  Leaf punch samples were obtained from
irrigated and unirrigated areas and analysed for parathion-methyl residues in
both trials and methyl paraoxon residues in trial 2 only.  Study results are
summarised in Table 11.
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Table 11. - Surface residues of parathion-methyl on grape leaves

Days after
application

Unsprinkled samples
(mg/kg)

Sprinkled samples
(mg/kg)

Trial 1 Trial 2 Trial 1 Trial 2
Dilute spray
(a)

Dilute spray
(b)

Concentrated
spray

Dilute spray
(c)

Dilute spray
(d)

Concentrated
spray

0 16.3 12.8 22.7 11.7 9.1 11.1
1 1.6 (9.8% of

initial residues)
2.2 4.9 0.4 (3.4% of

initial residues)
1.6 (e) 3.1 (e)

2 0.7 (4.3% of
initial residues)

- - 0.3 (2.6% of
initial residues)

0.6 0.8

3 - 0.7 0.8 - 0.8 0.5
5 0.1 - - 0 - -
7 - 0.3 0.3 - 0 0.1
8 0 - - 0 - -

14 0 0 0 0 0 0

(a) corresponding to samples irrigated during the night after pesticide application
(b) corresponding to samples irrigated 1 day after pesticide application
(c) irrigated during the night after application
(d) irrigated 1 day after pesticide application
(e) leaves sampled prior to irrigation

No methyl paraoxon residues were detected in samples from Trial 2.  Irrigation
on days 3 and 7 post-application had relatively little effect on reducing residue
levels (results not shown).  Based on the results of these trials the study authors
concluded that overhead irrigation reduced parathion-methyl surface residues
only slightly more than from non-irrigated vines and only if irrigation was
carried out on the night following pesticide application.  Later irrigation had
very little or no effect on residue dissipation.

Leidy et al. (1977) investigated the disappearance rate of parathion-methyl
applied as EC and ME (same as Penncap-M, 0.24 g ai/mL) formulations in the
US.  The two formulations were applied at a rate of 0.56 and 1.12 kg ai/ha to
tobacco crops (the recommended application rate for tobacco on Australian
labels is 0.8 kg ai/ha).  Leaf samples (top, middle and bottom) were obtained on
days 0, 1, 3, 5 and 9 after spraying.  In all cases, residues were top> middle >
bottom, by approximately 2.4 times in each case.  A comparison between
residues generated by these two formulations are presented in Table 12.

Table 12. - Comparison of parathion-methyl and paraoxon-methyl residues in tobacco

Period post-
application

Residues from EC formulation Residues from ME
formulation

Parathion-methyl Paraoxon-methyl Total residues Total residues
1 day Residue levels 5% of ME

levels
Residues 15% - 23% of
ME residues

3 days Residue levels 2% - 5%
of ME levels

5 days Residue levels 2% - 5%
of ME levels

99% loss of residues
irrespective of position of
leaves on stalk

Decline of residues on
leaves

top leaves - 94%
middle leaves - 93%
bottom leaves - 84%

Note - Total residues = parathion-methyl + paraoxon-methyl
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From these results, the study authors concluded that under field conditions the
ME formulation was much more persistent in tobacco than the EC formulation.

The disappearance of parathion- methyl from cotton plants was measured under
field conditions in northern Mississippi (Willis et al., 1985).  An EC
formulation of parathion- methyl was applied at a rate of 1.15 kg/ha in 130 L
spray/ha (within Australian label rates) by ground rig.  About 76% ±  14% of the
applied dose was intercepted by the plants.  The experimental 50%
disappearance time for parathion-methyl was 2.4 hours.  This value was shorter
than reported half-lives or half-lives calculated from reported data.  When the
current study data was fitted into exponential equations, the calculated half-life
for parathion-methyl was 28.4 hours compared with calculated half-lives in
other studies of 0.4 - 0.8 days.  The half-life is dependent on weather conditions.

Cole et al. (1986) compared the persistence of selected insecticides (including
parathion-methyl) used in water only and water-oil sprays as related to worker
re-entry.  When aerially applied to cotton fields at a rate of 0.25 gal/acre (2.34
L/ha), residues on cotton leaves were higher when crop oil was added to the
spray mixture.

Table 13. - Comparison of parathion-methyl residues on cotton leaves with and without
the addition of oil

Days post-
application

Parathion-methyl residues (ppm)

Water plus oil
spray

Water only spray

1 27.7 14.8
2 9.7 9.2
3 7.5 2.3
4 8.7 1.5
5 6.0 2.0

As indicated in Table 13 on the fifth day post-application, oil plots contained
residues approximately 3 times higher than leaves from plots where crop oil was
not included.  Australian labels recommend white oil and winter oil be added
for citrus, stone fruit and pome fruit, depending on pest.

Smith et al. (1987) investigated the effect of formulation type on the dissipation
of parathion-methyl on cotton foliage under field conditions.  The ME
formulation used in the study is Penncap-M and the application rate 0.28 kg
ai/ha.  As indicated by the study results, the calculated 50% disappearance time
(DT50) for encapsulated parathion-methyl was 28.1 hours or 6.4 times greater
than for the corresponding EC formulation.  The study authors confirm that
microencapsulation of a pesticide enhances its persistence, at least on cotton
foliage.

Youngman et al. (1989) demonstrated that EC parathion-methyl applied to field
cotton at Australian label rates (1.12 kg ai/ha) degraded to PNP.  Details are
provided in Table 14.
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Table 14. - Correlation between foliar residues of parathion-methyl and PNP following a
single application of parathion-methyl to cotton

Days post-
application

Parathion-methyl
residues (ppm)

PNP levels (ppm)

1 27.3 0.76
5 11.3 2.12
8 9.6 0.92

12 6.2 0.79
19 4.8 0.92

Up to 5 days post-treatment, parathion-methyl residues gradually declined while
PNP levels gradually increased.  The decline of PNP after 5 days is attributed to
a decrease in the amount of parathion-methyl present on the foliage and the
degradation and volatilisation of PNP.  Parathion-methyl residue levels
available from this study cannot be compared with safe residue levels in the risk
assessment as they are presented as ppm.  The study authors also suggested that
water soluble PNP is affected by rainfall and irrigation.

Dislodgeable residues of parathion-methyl on cotton foliage over time were
measured in Arizona, USA by Cahill et al. (1975), Buck et al. (1980) and Ware
et al. (1983).  Different formulations of parathion-methyl were applied by
ground rig, at a rate of 1.1 kg ai/ha (within label recommended rates for
parathion-methyl in cotton).  Result are provided in Table 15.
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Table 15. - Dislodgeable residues on cotton leaves treated with various formulations of parathion-methyl at a rate of 1.1 kg ai/ha by ground rig

Hours post-
application

Formulation (reference)

EC (Cahill et al., 1975) EC (Ware et al., 1983) ME  (Cahill et al., 1975) ULV (Ware et al., 1983) EC + EPN (Buck et al.,
1980)

EC + toxaphene  (Buck et
al., 1980) (a)

parathion-
methyl

(µg/cm2)

methyl
paraoxon
(µg/cm2)

parathion-
methyl

(µg/cm2)

methyl
paraoxon
(µg/cm2)

parathion-
methyl

(µg/cm2)

methyl
paraoxon
(µg/cm2)

parathion-
methyl

(µg/cm2)

methyl
paraoxon
(µg/cm2)

parathion-
methyl

(µg/cm2)

methyl
paraoxon
(µg/cm2)

parathion-
methyl

(µg/cm2)

methyl
paraoxon
(µg/cm2)

0 2.02 0.013 4.7 0.04 0.58 0.008 3.9 0.01 4.5 0.12 4.2 0.053

24 0.19 0.022 0.29 0.03 0.29 0.012 0.82 0.05 0.78 0.029 1.3 0.021

48 0.064 0.013 0.08 0.01 0.28 0.01 0.24 0.04 0.33 0.024 0.54 0.017

72 0.022 0.009 0.03 0.01 0.17 0.01 0.08 0.03 0.11 0.017 0.19 0.012

96 0.014 0.006 0.02 0.003 0.13 0.006 0.03 0.03 0.065 0.017 0.099 0.011

(a) toxaphene was used to prolong the residue lifetime of parathion-methyl on leaf surfaces.
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3.9  Comparison of residues from ME and EC formulations

Foliar residues of ME parathion-methyl were approximately 20 times greater
than EC residues for up to 5 days post-application (Leidy et al., 1977).  A study
by Smith et al. (1987) demonstrated that the 50% disappearance time for ME
residues was 6 times greater than EC residues.  Foliar residues of EC parathion-
methyl on day 1 were of the same magnitude as ME residues on day 5 post-
application (Davis et al., 1981).  Although initial residue levels were lower for
the ME formulation than the EC formulation, by day 2 ME residues levels were
higher than EC levels.  This difference gradually increased due to the greater
persistence of ME residues.  A similar trend was noted for paraoxon-methyl
residues (Cahill et al., 1975).  Foliar residues in cotton were higher and more
persistent when oil was added to the spray mixture (Cole et al., 1986).  Irrigation
did not significantly affect foliar residues (Kido et al., 1975).

Dermal exposure to parathion-methyl residues over 1-7 days post-application
was significantly greater for ME than EC formulations.  Inhalation exposure
also followed a similar trend (Davis et al., 1981).  The study by Ware et al.
(1974b) demonstrated a good correlation between foliar residues and the degree
of contamination, absorption and blood ChE activity.

4. RISK ASSESSMENT

Workers may be exposed to parathion-methyl concentrate when opening
containers, preparing spray, cleaning up spills and maintaining equipment.
Information obtained from the performance questionnaires indicates that mixing
for ground application generally takes place in a spray tank.  When using 20 L
containers, the required amount of concentrate is poured into a measuring jug
and then added to the half-filled spray tank.  For aerial spraying, often larger
bulk 1000 L or 200 L drums are used and the product withdrawn using dry
coupling or pumped directly into the aircraft.  Often the concentrate is diluted in
a preparation vat at the airstrip.

Exposure to the diluted solution can occur during spray application and
maintenance operations.  Re-entry workers, harvesters and workers handling
harvested fruit may be exposed to parathion-methyl and paraoxon-methyl
residues.

The vapour pressure of parathion-methyl is 1.3 x 10-3 Pa (low).  Hence,
inhalation exposure to vapour is not likely to be significant.  Therefore,
occupational exposure to parathion will be mainly through skin contamination
and inhalation of spray mist.



National Registration Authority for Agricultural and Veterinary Chemicals, Australia

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

59

The application of parathion-methyl EC products can occur 2-5 times per season
in any given crop.  Some vegetable growers may produce 2-3 crops per year.
Each horticultural crop application of parathion-methyl in Australia, is likely to
take place over 1-2 days.  Application of parathion-methyl in cotton may take
place over a longer period, especially when conducted aerially over large areas.
Contract workers can be exposed to these products more frequently and over
longer periods.

The ME formulation is only approved for use in Australia on citrus, vines and
pome fruit.  The application of Penncap-M can take place as required during the
growing season at intervals of 2-4 weeks (depending on crop) with each
application likely to take place over 1-2 days.  Contract workers may be exposed
to Penncap-M more frequently and over longer periods.

4.1  Acute toxic potential

EC formulations

The main acute hazards of parathion-methyl are oral, dermal and inhalation
toxicity and slight skin and eye irritation.

A human lethal dose is not available for parathion-methyl.

The lowest acute dermal LD50 for parathion-methyl in rats was 44 mg/kg.  For a
60 kg worker this is equivalent to skin contamination with 2.64 g parathion-
methyl, 5.28 mL of the concentrate, 5.28 L of the most concentrated spray in
horticultural and field crops (0.05% ai), 94.3 mL of the most concentrated boom
spray in cotton (2.8% ai) and 37.7 mL of the most concentrated aerial spray in
cotton (7% ai).  This theoretical calculation does not include a safety factor.

During mixing/loading operations, skin contamination with such volumes of
concentrate is possible.  During spray application skin contamination with the
calculated spray volumes is unlikely.

The acute oral reference dose in humans which reflects safe/acceptable exposure
for a single or short exposure, is 0.03 - 0.04 mg/kg/d and includes a safety
factor.  Assuming a 60 kg body weight and 10% dermal absorption, this dose is
equivalent to skin contamination with 18 - 24 mg parathion-methyl, 0.04 - 0.05
mL of the concentrate, 36 - 48 mL of the most concentrated spray in
horticultural and field crops (0.05% ai), 0.6 - 0.9 mL of the most concentrated
boom spray in cotton (2.8% ai) and 0.25 - 0.34 mL of the most concentrated
aerial spray in cotton (7% ai).

Skin contamination with volumes greater than those calculated above is possible
during both mixing/loading and application.

ME formulation
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Penncap-M contains approximately half the concentration of active ingredient as
the EC formulations of parathion-methyl.  The lowest dermal LD50 for Penncap-
M is significantly lower (>2500 mg/kg) than the EC formulations (635 mg/kg,
calculated as active ingredient).  The concentration of the active ingredient in
the prepared Penncap-M spray (0.03%) is lower than when using EC parathion-
methyl (0.05%, 2.8% and 7%).

The above factors taken collectively indicate that the acute toxic potential of
Penncap-M is significantly lower than the EC products.  However, it should be
noted that Penncap-M releases the active ingredient as it dries out on skin and
clothing. Hence, its toxic potential is likely to increase with the passage of time.

4.2  Repeat dose toxic potential

EC formulations

The main hazards of repeated exposure to parathion-methyl are ChE inhibition
and peripheral neuropathy.

The NOEL from the 1-year rat dietary study of 0.02 mg/kg/d for neuropathy is
used to assess the risk to workers repeatedly exposed to parathion-methyl.
Assuming a 60 kg body weight and 10% dermal absorption, this dose is
equivalent to a daily dermal exposure of 12 mg of parathion-methyl, 0.024 mL
of the concentrate, 24 mL of the most concentrated spray in horticultural and
field crops (0.05% ai), 0.43 mL of the most concentrated boom spray in cotton
(2.8% ai) and 0.17 mL of the most concentrated aerial spray in cotton (7% ai).
This calculation does not include a safety factor.

ME formulation

Using the same assumptions as for the EC products, this NOEL (0.02 mg/kg/d)
is equivalent to 12 mg of parathion-methyl, 0.05 mL of the concentrate, 40 mL
of the most concentrated spray in horticultural crops (0.03% ai).  This
calculation does not include a safety factor.
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4.3  Assessment of end use exposure

4.3.1  Measured worker exposure

MOE for Australian use patterns are calculated by comparing the NOEL for the
critical health effect with worker exposures estimated from data available from
the registrants and open literature (Refer to Section 3.5).  The NOEL for
peripheral neuropathy (0.02 mg/kg/d, in rats) is used in the risk assessment.
Considering the inter- and intra-species variability in percutaneous absorption
and metabolism of chemicals, MOE of approximately 100 or more are
considered to be acceptable.

In considering risk, application rates, spray volumes and treatment areas were
derived from labels and information from the NRA and performance
questionnaires.  The use pattern parameters used for risk assessment are listed in
Section 3.2.  The risk assessment includes the use of standardised surrogate data
available from measured worker exposure studies for other pesticides.

Mixer/loader exposure when handling a WP formulation of parathion [Jones et
al. (1987) and MacGregor (1988)] is not used in the risk assessment because
WP formulations of parathion-methyl are not registered in Australia and the
formulation type is known to affect mixer/loader exposure.  No ground
applicator exposure data was provided in this study.  However, urinary PNP
data from both mixer/loaders and applicators indicate higher exposures, possibly
up to an order of magnitude, occurred in applicators.

Worker exposure data is used to determine the risk to workers handling the EC
formulations of parathion-methyl.  Mixer/loaders handling the ME formulation
can be exposed to the chemical released from the capsules during storage as
well as when spills on clothing and skin dry out.  Given that the chemical is not
expected to be released in solution, applicator exposure to the active ingredient
occurs as capsules on the skin dry out.  Hence, the exposure estimates used in
this report are considered to be “worst-case” for Penncap-M, particularly for
mixer/loaders.

The following assumptions are made in calculating MOE for end users of
parathion products (refer to Attachment B for calculations).  The same
assumptions apply to the EC and ME formulations.

* 10% penetration through cotton overalls or equivalent clothing and 10%
penetration through waterproof clothing (WPC), resulting in a total penetration
of 1% when two layers of clothing are worn, ie. WPC over cotton overalls.
Penetration through PVC gloves is considered to be 10%.

* Workers wear gloves during both mixing/loading and application.  All
mixer/loaders are expected to wear WPC plus cotton overalls.  For practical
reasons, skin protection of applicators’ trunk and legs is considered to be
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dependent on the presence or absence of a cab.  MOE are calculated for
applicators in open tractors both with and without WPC, while applicators in
closed cabs are only expected to wear one layer of clothing (cotton overalls or
equivalent clothing);

* 10% dermal absorption and 100% respiratory absorption of parathion-methyl;

* an average body weight of 60 kg;

* average body surface areas based on Berkow (1931), cited in US EPA
Subdivision U Guidelines (US EPA, 1987), ie total body area 21,110 cm2, hands
820 cm2, feet 1310 cm2, head/neck/face 1300 cm2;

* when exposure is presented per unit of time in orchards, a work rate of 6 hours
per day for applicators and 8 hours per day for mixer/loader/applicators.  In
vegetables, an application time of 2 hours is assumed for large and small plots
(refer to Section 3.2 for details);

* an average respiratory rate of 29 L per minute; and

* rat NOEL of 0.02 mg/kg/d for peripheral neuropathy

Results

MOE based on peripheral neuropathy

The MOE for measured worker studies are presented in Tables 16 - 21.
Exposure data generated from outside Australia were standardised where
possible, using the Australian use pattern parameters listed in Section 3.2.
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Table 16. - Mixer/loader/applicator risk during ground (airblast) application of EC and ME parathion-methyl in orchards

Equipment type,
number of tests,

formulation

Mean potential
respiratory exposure

(mg/d)

Mean actual dermal exposure of covered
areas of the body minus hands

(mg/d)

Mean actual dermal
exposure of head

and neck
(mg/d) (a)

Mean actual
dermal exposure of

hands
(mg/d) (b)

Absorbed dose
(mg/kg/d)

MOE

Gloves + overalls Gloves + overalls
+ WPC

Gloves +
overalls

Gloves +
overalls +

WPC

Gloves +
overalls

Gloves +
overalls +

WPC
High pressure,
open tractor, 8
tests, EC
formulation

0.11 (7 personal
samplers)

0.14 (75th percentile)

8.2 (7 samples
only)

11.8 (75th
percentile)

0.82 (7 samples
only)

1.2 (75th
percentile)

3.24 (7 samples
only)

2.22 (75th
percentile)

36.6 (7 samples
only)

77 (75th
percentile)

0.08

0.15 (75th
percentile)

0.07

0.14 (75th
percentile)

<1

<1

<1

<1

High pressure,
A/C cab, 3 tests,
EC formulation

<0.02 (3 personal
samplers)

0.6 _ 0.42 16.9 0.03 _ <1 _

High pressure,
A/C cab and filter,
2 tests, EC
formulation

0.08 (2 personal
samplers)

2.5 _ 0.67 136.6 0.23 _ <1 _

Electrostatic, A/C
cab, 4 tests, EC
formulation

0.11 (4 personal
samplers)

24.3 _ 0.37 41.4 0.11 _ <1 _

Electrostatic, A/C
cab, 1 test, ME
formulation

0.04 (1 personal sampler) 0.12 _ 0.06 5.8 0.01 _ 2 _

Source: Yeung et al. (in press)

(a) disregarding protection provided by half-face respirator due to small area of face protected
(b) where potential exposure was measured, 10% penetration through PVC gloves assumed

Note: 75 th percentile values calculated only for high pressure open tractors.  Insufficient tests to determine this statistic in other groups
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Table 17. - Mixer/loader risk when handling EC parathion-methyl at maximum Australian label rates

Crop Application
method, maximum
application rate (kg
ai/ha), average area
treated/day (ha/d)

Mixing/
loading method

(number of subjects)

Actual dermal
exposure

excluding hands
(µg/kg ai
handled)

Actual dermal
exposure hands

(µg/kg ai
handled)

Absorbed dose
(by the dermal route

only)

(mg/kg/d)

MOE

Cotton Boom spraying
1.4 kg ai/ha
600 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.007 - 0.01

0.01

0.0006

2 - 3

2

33
Cotton Boom spraying

1.4 kg ai/ha
120 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.001 - 0.003

0.002

0.0001

7 - 20

10

200
Cotton Aerial spraying

1.4 kg ai/ha
3000 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.03 - 0.07

0.05

0.003

<1

<1

7
Citrus Airblast spray

7.5 kg ai/ha
15 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0009 - 0.002

0.001

0.00008

10 - 22

20

250
Stone fruit,
pome fruit

Airblast spray
1.5 kg ai/ha
21 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0002 - 0.0005

0.0004

0.00002

40 - 100

50

1000
Stone fruit,
pome fruit

Airblast spray
1.5 kg ai/ha
9 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0001 - 0.0002

0.0002

0.00001

100 - 200

100

2000
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Table 17 (cont) - Mixer/loader risk when handling EC parathion-methyl at maximum Australian label rates

Crop Application
method, maximum
application rate (kg
ai/ha), average area
treated/day (ha/d)

Mixing/
loading method

(number of subjects)

Actual dermal
exposure

excluding hands
(µg/kg ai
handled)

Actual dermal
exposure hands

(µg/kg ai
handled)

Absorbed dose
(by the dermal route

only)

(mg/kg/d)

MOE

Vines Airblast spray
0.325 kg ai/ha
27 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.00007 - 0.0001

0.0001

0.000006

200 - 300

200

3500
Vegetables boom spray

0.26 kg ai/ha
50 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0001 - 0.0002

0.0002

0.00001

100 - 200

100

2000
Vegetables boom spray

0.26 kg ai/ha
4 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.00001 - 0.00002

0.00001

0.0000005

1000 - 2000

2000

40,000
Vegetables Aerial spraying

0.065 kg ai/ha
900 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0005 - 0.001

0.0005

0.00004

20 - 40

40

500
Tobacco and
clover seed
crops

Boom spraying
0.4 kg ai/ha
240 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0008 - 0.002

0.001

0.00007

10 - 25

20

300
Tobacco and
clover seed
crops

Boom spraying
0.4 kg ai/ha
120 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0004 - 0.0008

0.0005

0.00003

25 - 50

40

600
Source: Jones et al. (1987) and MacGregor (1988)
Note: Exposure estimates based on 4 data points only
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Table 18.- Mixer/loader risk when handling ME parathion-methyl at maximum Australian label rates

Crop Application
method, maximum
application rate (kg
ai/ha), average area
treated/day (ha/d)

Mixing/
loading method

(number of subjects)

Actual dermal
exposure

excluding hands
(µg/kg ai
handled)

Actual dermal
exposure hands

(µg/kg ai
handled)

Absorbed dose
(by the dermal route

only)

(mg/kg/d)

MOE

Pome fruit Airblast spray
0.9 kg ai/ha
21 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0001 - 0.0003

0.0002

0.00001

66 - 200

100

2000
Pome fruit Airblast spray

0.9 kg ai/ha
9 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.00006 - 0.0001

0.00009

0.000006

200 - 300

200

3000
Citrus Airblast spray

4.5 kg ai/ha
15 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.0005 - 0.001

0.0008

0.00005

20 - 40

25

400
Vines Airblast spray

0.3 kg ai/ha
27 ha/d

open-pour (2)

open-closed (1)

closed mixing (1)

0.33 - 0.93

2.82

0.13

4.4 - 9.3

4.2

0.3

0.00006 - 0.0001

0.00009

0.000006

200 - 300

200

3000

Source: Jones et al. (1987) and MacGregor (1988)
Note: Exposure estimates based on 4 data points only
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Table 19. - Applicator risk during ground spraying of EC and ME parathion-methyl in orchards (using a higher spray concentration (0.3%) than registered in Australia)

Application equipment, cab type,
(number of subjects)

Potential dermal
exposure (a)

(µg/cm2/hr)

Actual total dermal exposure (b)

(mg/day)

Inhalation
exposure (c)

(mg/day)

Absorbed dose
(mg/kg/d)

MOE

Overalls only Overalls + WPC Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Oscillating boom sprayers
(2 subjects per test)

open tractor

cab with open windows

closed cab

filtered air cab

4.38

2.07

0.03

0.01

80.62

38.1

0.55

0.19

38.81

18.35

 _

 _

0.67

0.86

0.12

0.05

0.15

0.08

0.003

0.001

0.076

0.045

_

_

<1

<1

7

20

<1

<1

_

_

airblast equipment
(2 subjects per test)

open tractor

cab with open windows

closed cab

0.33

0.48

0.01

6.07

8.83

0.19

 2.92

 4.25

 _

0.13

0.47

0.04

0.012

0.02

0.001

0.007

0.015

_

1

1

20

3

1

_

Source: Carman et al. (1982)

(a) - the gauze patches were considered to estimate potential dermal exposure on all areas except the hands and feet.  The surface area of the body excluding the hands and feet considered to be 18,980 cm2

(US EPA, 1987)
(b) all parathion deposited on head, neck and face considered to be actual dermal exposure.  Deposition on all other areas (except hands and feet) considered to be potential dermal exposure
(c) calculated using mean air concentrations from the study
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Table 20. - Risk to other worker categories handling EC parathion-methyl formulations

Worker category, chemical, application
method, crop, application rate used in
study, number of subjects (reference)

Crop, maximum
application rate (kg

ai/ha), maximum area
treated/day (ha/d)
under Australian

conditions

Potential dermal
exposure excluding

hands

Total actual exposure excluding
hands

(mg/d)

Absorbed dose

(mg/kg/d)

MOE

Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Aerial applicators,
EC parathion, fixed wing aircraft, field
crops, application rates slightly above
Australian rates for cotton and
significantly higher than Australian
rates for vegetables (a), 3 subjects (b)
[Jones et al. (1987) and MacGregor
(1988)]

Cotton
1.4 kg ai/ha
3000 ha/d

Vegetables
0.065 kg ai/ha
900 ha/d

3.2 - 4.8 µg/kg ai
handled

1.3 - 2

0.02 - 0.03

_

_

0.002 - 0.003

3 x 10-5  -
5 x 10-5

_

_

7 - 10

400 - 666

_

_

Ground applicators
parathion, vertical booms, citrus
orchards, application rate identical with
Australian rate in citrus, 2 subjects
[Maddy et al., 1984)]

Citrus
7.5 kg ai/ha
15 ha/d

_ 33 (including
hands)

25 (including
hands)

0.06 0.04 <1 <1

(a) - the study subjects applied 1.2% ai and 6% ai compared to the maximum concentration expected under Australia conditions of 0.09% ai.
(b) - although four subjects were monitored, results of one applicator were not considered because he had worked with parathion a few hours prior to the initiation of the study
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Table 20 (cont) - Risk to other worker categories handling EC parathion-methyl formulations

Worker category, chemical, application
method, crop, application rate used in
study, number of subjects (reference)

Crop, maximum
application rate (kg

ai/ha), maximum area
treated/day (ha/d)
under Australian

conditions

Potential dermal
exposure excluding

hands

Total actual exposure excluding
hands

(mg/d)

Absorbed dose

(mg/kg/d)

MOE

Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Ground mixer/loader/applicators,
airblast spraying, surrogate data, apple
orchards, application rate not available,
25 subjects (number for each test not
available) [Spittler and Burke, 1985]

Pome fruit
1.5 kg ai/ha

Higher work rate
21 ha/d

Lower work rate
9 ha/d

Cabless vehicles
0.67 µg/cm2/kg ai
handled

Cabs + charcoal air
filters
0.15 µg/cm2/kg ai
handled

Higher work
rate
Cabless
vehicles
42.8 (a)

Cabs +
charcoal air
filters
9.6 (a)

Lower work
rate
Cabless
vehicles
18.4 (a)

Cabs +
charcoal air
filters
4.1 (a)

Higher work
rate
Cabless
vehicles
4.28 (a)

_

Lower work
rate
Cabless
vehicles
1.84 (a)

_

0.07

0.02

0.03

0.007

0.007

_

0.003

_

<1

1

<1

3

3

_

7

_

(a) - assuming 20,290 cm2 as average body surface area excluding hands (US EPA, 1987)
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Table 21. - Risk to other worker categories handling ME parathion-methyl

Worker category, chemical, application
method, crop, application rate used in
study, number of subjects (reference)

Crop, maximum
application rate (kg

ai/ha), maximum area
treated/day (ha/d)
under Australian

conditions

Potential dermal
exposure excluding

hands

Total actual exposure excluding
hands

(mg/d)

Absorbed dose

(mg/kg/d)

MOE

Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Overalls only Overalls +
WPC

Ground applicators
parathion, vertical booms, citrus
orchards, application rate identical with
Australian rate in citrus, 2 subjects
[Maddy et al., 1984]

Citrus
4.5 kg ai/ha
15 ha/d

_ 33 (including
hands)

25 (including
hands)

0.06 0.04 <1 <1

Ground mixer/loader/applicators,
airblast spraying, surrogate data, apple
orchards, application rate not available,
25 subjects (number for each test not
available) [Spittler and Burke, 1985]

Pome fruit
0.9 kg ai/ha

Higher work rate
21 ha/d

Lower work rate
9 ha/d

Cabless vehicles
0.67 µg/cm2/kg ai
handled

Cabs + charcoal air
filters
0.15 µg/cm2/kg ai
handled

Higher work
rate
Cabless
vehicles
25.7 (a)

Cabs +
charcoal air
filters
5.8 (a)

Lower work
rate
Cabless
vehicles
11 (a)

Cabs +
charcoal air
filters
2.5 (a)

Higher work
rate
Cabless
vehicles
2.57 (a)

Lower work
rate
Cabless
vehicles
1.1 (a)

0.04

0.01

0.02

0.004

0.004

_

0.002

_

<1

2

1

5

5

_

10

_

(a) - assuming 20,290 cm2 as average body surface area excluding hands (US EPA, 1987)
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Mixer/loader exposure - Considering the exposure data from Jones (1987) and
MacGregor (1988), each scenario used only 1 or 2 subjects, generally
considered inadequate for an acceptable field trial.  However, taken together,
these results demonstrate that the risk of exposure is higher when
mixing/loading is conducted using the open-pour method.

Ground applicator exposure - In deriving the exposure data, Carman et al.
(1982), only monitored 2 subjects for each trial.  The study by Maddy et al.
(1984) also monitored 2 applicators.  The above results taken collectively
indicate that applicator exposure is considerably higher when using open cabs,
semi-closed cabs and when cab windows are left open during spraying of
parathion, even though two layers of protective clothing are worn.

Aerial applicator exposure - In the study by Jones (1987) and MacGregor (1988)
hand exposure was not measured in aerial applicators.

Ground mixer/loader/applicator exposure - Workers performing combined
functions during high pressure and electrostatic spraying of pome and stone fruit
were exposed to significant chemical residues irrespective of the presence or
absence of cabs and the addition of WPC in open cabs (Yeung et al., in press).
This study utilised an adequate number of subjects.  Biological monitoring
results indicated that 3 workers were recently exposed to parathion (1 worker)
and/or parathion-methyl (2 workers), sufficient to exceed the ACGIH BEI for
parathion. All 3 workers had been exposed to either/or both chemicals in the
preceding 48 hours.  In addition, these workers applied more concentrated
sprays.  It is not possible to estimate the contribution of poor work practices and
the wearing of inadequate PPE to exposure in each case.

Only one test was carried out during electrostatic spraying of ME parathion-
methyl and this was in a closed cab.  This worker experienced slightly lower
exposures, however, exceeded the ACGIH BEI for parathion.  Prior exposure
had occurred.

The study by Spittler and Burke (1985) used an adequate number of subjects,
however, individual exposures were not available. The chemical used in the
study was a surrogate (not a parathion) and the application rate was unknown.
In addition, hand exposure was excluded when measuring the dermal exposure
of study subjects.  This is a significant omission as hand exposure is a major
contributor to total dermal exposure of workers, during both mixing/loading and
ground application.
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MOE based on ChE inhibition

The NOEL for depression of plasma and brain ChE was 0.1 mg/kg/d (equal to
the Lowest-Observable-Effect-Level for neuropathy)and 0.5 mg/kg/d for
depression of RBC ChE in the same 1 year rat study.  For these toxicological
end points, the MOE for plasma and brain ChE will be increased 5-fold and 25-
fold respectively.

4.3.2  Predicted worker exposure

NOHSC used the UK Predictive Operator Exposure Model (POEM) to estimate
mixer/loader and applicator exposure to EC and ME formulations of parathion-
methyl during airblast spraying in orchards and vineyards and boom spraying of
cotton, vegetables and field crops.  This model cannot be used to estimate
applicator exposure during aerial application or electrostatic spraying hence they
are not considered in this Section.

It should be noted that exposure data obtained from POEM utilise a significant
number of data points from field studies.

EC formulations

Spraying methods:

airblast:

vehicle mounted (without cab) air assisted (V-500) (Estimates 1, 4, 7, 8)

vehicle mounted (without cab) air assisted (V-100) (Estimates 2, 5, 9)

vehicle mounted (without cab) air assisted rotary discs (V-RDA-2) 
(Estimates 3, 6, 10);

boom spray:

vehicle mounted (with cab) hydraulic nozzles (V-Nozzle) (Estimates 11 - 15).

Application and exposure parameters:

Concentration of active ingredient: 500 g/L

Formulation type: EC

Container size: 20 La

Hand contamination: 0.5 mL/operation

NOEL: 0.02 mg/kg/d
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Dermal absorption: 10% (NOHSC default)

Respiratory absorption: 100% (default value)

Average body weight: 60 kg

Application time: 6 hours (orchards and field crops)
2 hours (vegetables, refer to
Section  3.2 for details)

Other parameters: POEM default values

a -although parathion-methyl is available in 200 L containers POEM is not designed to provide
exposure estimates when handling containers > 20L. Folidol M500 Insecticide Spray is also
available in 1 L containers, however use of such small containers in large scale operations is not
practical, hence not modelled

In estimating exposure during the treatment of cotton by boom spray at a work
rate of 600 ha/d and using 20 L containers, POEM required 84 mixing/loading
operations per day, which was considered to be impractical.  It was therefore
assumed that workers treating such large areas would use the 200 L containers, a
scenario which cannot be modelled using POEM.

The following assumptions are made in calculating MOE from POEM
estimates.

* 10% penetration through cotton overalls or equivalent clothing and 10%
penetration through WPC, resulting in a total penetration of 1% when two layers
of clothing are worn, ie. WPC over cotton overalls.  Penetration through PVC
gloves is considered to be 10%.

* Workers wear gloves during both mixing/loading and application.  In addition,
all mixer/loaders are expected to wear WPC plus cotton overalls.  Skin
protection of applicators’ trunks and legs is considered to be dependent on the
presence or absence of a cab.  Applicators in open tractors are presumed to wear
two layers of protective clothing, while applicators in closed cabs are only
expected to wear one layer of clothing (cotton overalls or equivalent clothing).

Results

Table 22 summarises maximum predicted exposures and the MOE calculated
from these values.  POEM Estimates are provided in Attachment A.

It is noted from the estimates that exposure during mixing/loading is
significantly higher than exposure during application.
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Table 22. - Predicted dermal exposure from POEM estimates and corresponding MOE when wearing protective clothing and using EC formulations of parathion-methyl

Estimate No.,
application
method, crop

Product
rate
(L/ha)

Spray
volume
(L/ha)

Work rate
(ha/d)
duration of
applicator
exposure

Mixer/
loader
absorbed dose
dermal1

(mg/kg/d)

Applicator
absorbed dose
dermal2

(mg/kg/d)

Applicator
absorbed dose
dermal

(mg/kg/d)

M/L/A3

absorbed dose
dermal

 (mg/kg/d)

M/L/A
absorbed dose
dermal

 (mg/kg/d)

MOE
mixer/
loader

MOE
applica-
tor

MOE
applica-
tor

MOE
M/L/A

MOE
M/L/A

gloves gloves gloves +
WPC4  +
overalls

gloves gloves + WPC
+ overalls5

gloves gloves gloves +
WPC +
overalls

gloves gloves +
WPC +
overalls

1, high volume
airblast, citrus

15 15,000 15 ha/d
6 hrs

0.5 0.071 0.021 0.571 0.521 <1 <1 <1 <1 <1

2, low volume
airblast, citrus

0.5 500 15 ha/d
6 hrs

0.042 0.039 0.003 0.081 0.045 <1 <1 6 <1 <1

3, ultra low
volume airblast,
citrus

0.08 80 15 ha/d
6 hrs

0.042 0.018 0.001 0.060 0.043 <1 1 20 <1 <1

4, high volume
airblast, stone
fruit, pome fruit

3 3000 21 ha/d
6 hrs

0.167 0.071 0.021 0.238 0.188 <1 <1 <1 <1 <1

5, low volume
airblast, stone
fruit, pome fruit

0.5 500 21 ha/d
6 hrs

0.042 0.039 0.003 0.081 0.045 <1 <1 6 <1 <1

6, ultra low
volume airblast,
stone fruit, pome
fruit

0.08 80 21 ha/d
6 hrs

0.042 0.018 0.001 0.060 0.043 <1 <1 20 <1 <1

7, high volume
airblast, stone
fruit, pome fruit

3 3000 9 ha/d
6 hrs

0.083 0.071 0.021 0.154 0.104 <1 <1 <1 <1 <1

8, high volume
airblast, vines

0.65 1000 27 ha/d
6 hrs

0.042 0.046 0.013 0.088 0.055 <1 <1 2 <1 <1

9, low volume
airblast, vines

0.325 500 27 ha/d
6 hrs

0.042 0.026 0.002 0.068 0.044 <1 <1 10 <1 <1

10, ultra low
volume airblast,
vines

0.052 80 27 ha/d
6 hrs

0.042 0.012 0.001 0.054 0.043 <1 2 20 <1 <1
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Table 22 (cont) - Predicted dermal exposure from POEM estimates and corresponding MOE when wearing protective clothing and using EC formulations of parathion-methyl

Estimate No.,
application
method, crop

Product
rate
(L/ha)

Spray
volume
(L/ha)

Application
work rate
(ha/d)

Mixer/
loader
absorbed dose
dermal1

(mg/kg/d)

Applicator
absorbed dose
dermal2

(mg/kg/d)

Applicator
absorbed dose
dermal

(mg/kg/d)

M/L/A3

absorbed dose
dermal

 (mg/kg/d)

M/L/A
absorbed dose
dermal

 (mg/kg/d)

MOE
mixer/
loader

MOE
applica-
tor

MOE
applica-
tor

MOE
M/L/A

MOE
M/L/A

gloves gloves only gloves +
overalls6

gloves only gloves +
overalls6

gloves gloves
only

gloves +
overalls6

gloves
only

gloves +
overalls6

11, boom
spraying, cotton

2.8 50 120 ha/d
6 hrs

0.708 0.301 0.194 1.009 0.902 <1 <1 <1 <1 <1

12, high volume
boom, vegetables,
forage crops

0.52 800 50 ha/d
2 hrs

0.083 0.001 0.001 0.084 0.084 <1 20 20 <1 <1

13, high volume
boom, vegetables,
forage crops

0.52 800 4 ha/d
2 hrs

0.042 0.001 0.001 0.043 0.043 <1 20 20 <1 <1

14, high volume
boom, tobacco,
clover seed

0.8 800 120 ha/d
6 hrs

0.208 0.005 0.003 0.213 0.211 <1 4 7 <1 <1

15, high volume
boom, tobacco,
clover seed

0.8 800 240 ha/d
6 hrs

0.417 0.005 0.003 0.422 0.420 <1 4 7 <1 <1

Exposures and MOE for all categories of workers without protective clothing are not presented.  They were all found to be unacceptable.
1 - mixer/loader inhalation exposure not available from the model
2 - applicator inhalation dose not presented because it did not contribute significantly to total exposure.  Inhalation exposure ranged from 0 - 0.028 mg/kg/d for all estimates
3 - mixer/loader/applicator
4  -waterproof clothing
5 - gloves during mixing/loading and application and overalls and waterproof clothing during application only (to cover trunk and legs)
6 - closed cab vehicles, hence applicators considered to be wearing only overalls (no WPC)
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ME formulation

Penncap-M does not release the active ingredient from the capsules while in
solution.  As indicated in Section 2.2, parathion-methyl is released and available
for absorption when capsules dry out (approximately 1 hour after skin
contamination).  POEM is used to estimate “worst-case” potential mixer/loader
and applicator exposure when handling the ME formulation, in the absence of
adequate data indicating exposure to available parathion-methyl.

Spraying methods:

airblast:

vehicle mounted (without cab) air assisted (V-500) (Estimates 16,19, 22)

vehicle mounted (without cab) air assisted (V-100) (Estimates 17, 20, 23)

vehicle mounted (without cab) air assisted rotary discs (V-RDA-2) 
(Estimates 18, 21, 24);

Application and exposure parameters:

Concentration of active ingredient: 240 g/L

Formulation type: SC(a)

Container size: 5 L

Hand contamination: 0.2 mL/operation

NOEL: 0.02 mg/kg/d

Dermal absorption: 10% (NOHSC default)

Respiratory absorption: 100% (default value)

Average body weight: 60 kg

Application time: 6 hours (orchards)

Other parameters: POEM default values

(a) POEM does not recognise ME formulations.  Given that parathion-methyl within the
capsules is in an aqueous solution, suspension concentrate is used as a substitute
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When POEM was used to estimate potential exposure during high volume
airblast application in citrus using 5 L containers, the number of mixing/loading
operations (57) was very high.  Given that Penncap-M is only packed in 5 L
containers, it is not expected to be used for high volume spraying of citrus.

The following assumptions are made in calculating MOE from POEM
estimates.

* 10% penetration through cotton overalls or equivalent clothing and 10%
penetration through waterproof clothing (WPC), resulting in a total penetration
of 1% when two layers of clothing are worn, ie. WPC over cotton overalls.
Penetration through PVC gloves is considered to be 10%.

* Workers wear gloves during both mixing/loading and application.  In addition,
all mixer/loaders are expected to wear WPC plus cotton overalls.  Skin
protection of applicators’ trunk and legs is considered to be dependent on the
presence or absence of a cab.  Applicators in open tractors are presumed to wear
two layers of protective clothing, while applicators in closed cabs are only
expected to wear one layer of clothing (cotton overalls or equivalent clothing).

Results

Table 23 summarises maximum predicted exposures and the MOE calculated
from these values.  POEM Estimates are provided in Attachment A.

It is noted from the estimates that exposures during mixing/loading are
significantly lower than corresponding estimates for the EC formulations,
reflecting the lower application rate.
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Table 23. - Predicted dermal exposure from POEM estimates and corresponding MOE when wearing protective clothing and using ME parathion-methyl

Estimate No.,
application
method, crop

Product
rate
(L/ha)

Spray
volume
(L/ha)

Application
work rate
(ha/d)

Mixer/
loader
absorbed dose
dermal1

(mg/kg/d)

Applicator
absorbed dose
dermal2

(mg/kg/d)

Applicator
absorbed dose
dermal

(mg/kg/d)

M/L/A3

absorbed dose
dermal

 (mg/kg/d)

M/L/A
absorbed dose
dermal

 (mg/kg/d)

MOE
mixer/
loader

MOE
applica-
tor

MOE
applica-
tor

MOE
M/L/A

MOE
M/L/A

gloves gloves gloves +
WPC4  +
overalls

gloves gloves + WPC
+ overalls5

gloves gloves gloves +
WPC +
overalls

gloves gloves +
WPC +
overalls

16, high volume
airblast, pome
fruit

3.75 3000 21 ha/d
6 hrs

0.064 0.043 0.012 0.107 0.076 <1 <1 2 <1 <1

17, low volume
airblast, pome
fruit

0.625 500 21 ha/d
6 hrs

0.012 0.024 0.002 0.036 0.014 2 <1 10 <1 1.5

18, ultra low
volume airblast,
pome fruit

0.1 80 21 ha/d
6 hrs

0.004 0.011 0.001 0.015 0.005 5 2 20 1.5 4

19, high volume
airblast, pome
fruit

3.75 3000 9 ha/d
6 hrs

0.028 0.043 0.012 0.071 0.04 <1 <1 2 <1 <1

20, low volume
airblast, citrus

0.625 500 15 ha/d
6 hrs

0.008 0.024 0.002 0.032 0.01 2.5 <1 10 <1 2

21, ultra low
volume airblast,
citrus

0.1 80 15 ha/d
6 hrs

0.004 0.011 0.001 0.015 0.005 5 2 20 1.5 4

22, high volume
airblast, vines

1.25 1000 27 ha/d
6 hrs

0.028 0.043 0.012 0.071 0.04 4 <1 1.5 <1 <1

23, low volume
airblast, vines

0.625 500 27 ha/d
6 hrs

0.016 0.024 0.002 0.04 0.018 1 <1 10 <1 1

24, ultra low
volume airblast,
vines

0.1 80 27 ha/d
6 hrs

0.004 0.011 0.001 0.015 0.005 5 2 20 1.5 4

Exposures and MOE for all categories of workers without protective clothing are not presented.  They were all found to be unacceptable.
1 - mixer/loader inhalation exposure not available from the model
2 - applicator inhalation dose not presented because it did not contribute significantly to total exposure.  Inhalation exposure ranged from 0.001 - 0.002 mg/kg/d for all estimates
3 - mixer/loader/applicator 4  -waterproof clothing 5 - gloves during mixing/loading and application and overalls and waterproof clothing during application only (to cover trunk and legs)
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4.3.2.1 Additional data on predicted worker exposure

EC formulation

In October 1997, Cheminova Australia Pty Ltd submitted revised POEM
estimates for high volume and low volume airblast spraying in apple orchards.
Separate estimates were provided with and without the use of water proof
clothing during spray application.  The following parameters and assumptions
were used:

* container size - 20 L containers of unspecified design and 5 L wide neck
containers were modelled separately.

* spray volumes - separate estimates were provided for high volume spraying
(spray volume 2500 L/ha) and low volume spraying (spray volume 200 L/ha).

* work rate - an average daily work rate of approximately 7 ha/d (for high
volume spraying) and 21 ha/d (for low volume spraying).

* task times - A normal 8 hour working day; a mixing/loading time of 4 hours
(for high volume spraying) and 1 hour (for low volume spraying); an application
time of 4 hours (for high volume spraying) and 7 hours (for low volume
spraying).

* application rate - an application rate of 80 mL product/100 L.

* NOEL - MOE are calculated based on a human NOEL of 0.3 mg/kg/d for ChE
inhibition.

MOE calculated by Cheminova Australia Pty Ltd using the above parameters
and assumptions ranged from 6 - 53 with WPC and 5 - 8 without WPC during
spray application.

Conclusion

This information is not accepted as a substitute for data already collected in
this reporting process.  The minor variations in end use parameters are detailed
below:

The product labels specify a dilution rather than a product per hectare rate for
pome fruit, therefore, the amount of chemical applied per hectare and potential
worker exposure, depend on the final spray volume.  Maximum spray volumes
of 3000 L/ha for high volume spraying and 500 L/ha for low volume spraying
(based on NRA advice and information obtained from users) and minimum
dilutions (based on composite label information) were used in the OHS risk
assessment.
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Information obtained from users and the NRA did not differentiate between
work rates and application times for high and low volume spraying.

Five litre wide neck containers were not considered in the OHS assessment as
they are not currently registered in Australia.

The most critical feature in the POEM generated MOE submitted by Cheminova
Australia Pty Ltd is their selection of NOEL.  Given that peripheral neuropathy
is considered the critical toxicological end point for parathion-methyl, the OHS
assessment was based on a NOEL of 0.02 mg/kg/d.

ME formulation (ME 450 g/L)

In October 1997, Cheminova Australia Pty Ltd submitted revised POEM
estimates for high volume and low volume airblast spraying in apple orchards.
Separate estimates were provided with and without the use of water proof
clothing during spray application.  The following parameters and assumptions
were used:

* dermal penetration of ME parathion-methyl - a dermal penetration value of
2%.

* penetration through gloves - 5% penetration of the active ingredient through
gloves during spray application.

* container size, spray volume, work rate and human NOEL - similar to
parameters used for the EC formulation (refer above for details).

Conclusion

The OHS assessment did not consider the ME 450 g/L formulation of parathion-
methyl as it is not currently registered in Australia.  However, the dermal
penetration study on which the 2% penetration rate is based was considered to
be questionable (refer to Section 2.2.1 for details).  In addition, the penetration
of a chemical in the working strength solution is essentially independent of the
formulation type.  No data was presented to change the use of the POEM
default of 10% penetration through gloves.

ME formulation (ME 240 g/L)

Colin Campbell (Chemicals) Pty Ltd submitted revised POEM estimates
corresponding to estimates 16-24 of the OHS risk assessment.  The following
parameters and assumptions were used:

* penetration of active ingredient through protective clothing - 1% penetration
of chemical through gloves (POEM default for solid formulations) during
mixing/loading and spray application.
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* dermal penetration of ME parathion-methyl - a dermal penetration value of
2.5%.

* inhalation exposure - “nil” inhalation exposure.

In addition, Colin Campbell (Chemicals) Pty Ltd submitted a new POEM
estimate (No 25) for high volume spraying of citrus using a spray volume of
8000 L/ha and a work rate of 3 ha/d.

Conclusion

The revised estimates of POEM 16 - 24 are not acceptable, for the reasons
given below.

The applicant specifies the glove type and indicates that it conforms to the
European Standard for Universal Protection Gloves (Plant Protection), but
does not provide details of the proposed glove material or the penetration
characteristics relevant to Penncap-M.  Penncap-M cannot be considered as a
solid formulation during the mixing/loading phase as data is not presented to
support this claim.  The penetration of a chemical in working strength solution
is essentially independent of the formulation type.  No data is presented to
revise the POEM default of 10% during spray application.

The in-vivo rabbit dermal penetration studies on which the 2.5% penetration is
based are considered to be inappropriate for regulatory purposes.

No data is presented to support a “nil” inhalation exposure.  The
microcapsules are likely to be inspirable (mean diameter 25 - 50 microns) but
not respirable,

The new POEM estimate (No 25) uses the vehicle mounted (with cab) hydraulic
nozzle (v-nozzle) model, which relates to conventional boom spraying and not
oscillating boom spraying.  Therefore, MOE resulting from these predicted
exposures cannot be accepted.  No supporting evidence is presented for the
work rate of 3 ha/d.
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4.3.3  Conclusions on end-use exposure

For repeated exposure, the health risk to workers was estimated using the rat
NOEL of 0.02 mg/kg/d, which is based on peripheral neuropathy at higher
doses.  The acceptable benchmark MOE was taken as ≥100, depending on the
quality and relevance of the data.

Tables 24 and 25 compare the MOE obtained from measured worker exposure
and predicted worker exposure in various crop situations and using different
mixing/loading and application methods, for the EC and ME formulations
respectively.

In comparing these MOE, the number of data points and the statistics used in
the calculations are taken into account.

Limited data exists on worker exposure when using ME parathion-methyl
formulations.  Therefore, exposure data from EC parathion-methyl studies are
used as surrogate for ME formulations.  These results are standardised to the
Australian use pattern where possible.  It is noted that exposures obtained from
these surrogate studies could overestimate the absorbed dose of workers
handling ME parathion-methyl.
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Table 24. - MOE for various worker categories obtained from measured worker exposure studies and POEM,
when handling EC parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Cotton
boom
spraying

Higher work rate (600 ha/d)
gloves + overalls + WPC
open-pour method (2) -2 - 3
open-closed method (1) - 2
closed mixing (1) - 33
Within and less than
Australian rates
(Jones et al., 1987 and
MacGregor, 1988)

POEM
not used to estimate exposure

Lower work rate (120 ha/d)
gloves + overalls + WPC
open-pour method (2) - 7 - 20
open-closed method (1) - 10
closed mixing (1) - 200
Within and less than
Australian rates
(Jones et al., 1987 and
MacGregor, 1988)

-

POEM
not used to estimate exposure

Lower work rate (120 ha/d)
-

-

POEM
not used to estimate exposure

Lower work rate (120 ha/d)
-

POEM
gloves
open pour method
Low volume application - <1

POEM
gloves + overalls
low volume boom spraying
(closed cab)  - <1

POEM
gloves + overalls
open mixing and low volume
boom spraying (closed cab) -
<1

Cotton
aerial
spraying

gloves + overalls + WPC
open-pour method (2) -<1
open-closed method (1) - <1
closed mixing (1) - 7
Within and less than
Australian rates
(Jones et al., 1987 and
MacGregor, 1988)

gloves + overalls
Fixed wing aircraft (3)
      - 7 - 10
Within and less than
Australian rates
(Jones et al., 1987 and
MacGregor, 1988)

-
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Table 24 (cont) - MOE for various worker categories obtained from measured worker exposure studies and
POEM when handling EC parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Citrus gloves + overalls + WPC

open-pour method (2) - 10 -
22
open-closed method (1) - 20
closed mixing (1) - 250
Within and above Australian
rates
(Jones et al., 1987 and
MacGregor, 1988)

Airblast sprayers
open tractors, gloves +
overalls + WPC (2) - 3
cabs with open windows,
gloves + overalls + WPC (2)-1
closed cabs, gloves + overalls
(2) - 20
More concentrated spray
(Carman et al., 1982)

oscillating boom sprayers
open tractors, gloves +
overalls + WPC (2) - <1
cabs with open windows,
gloves + overalls + WPC (2) -
<1
closed cabs, gloves + overalls
(2) - 7
filtered air cabs. gloves +
overalls (2) - 20
More concentrated spray
(Carman et al., 1982)

gloves + overalls + WPC
Vertical boom sprayers
semi-closed cabs (2) - <1
identical concentration
(Maddy et al., 1984)

-

POEM
gloves
open pour method
High volume application - <1
low volume application - <1
ultra low volume application -
<1

POEM
gloves + overalls + WPC
Airblast spraying
High volume application - <1
low volume application - 6
ultra low volume application -
20

POEM
gloves + overalls + WPC
open mixing and airblast spraying
High volume application - <1
low volume application - <1
ultra low volume application - <1

Stone and
Pome
fruit

Higher work rate (21 ha/d)
gloves + overalls + WPC
open-pour method (2)
       - 40 - 100
open-closed method (1) - 50
closed mixing (1) - 1000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method
High volume application - <1
low volume application - <1
ultra low volume application -
                                   <1

Higher work rate (21 ha/d)
-

POEM
gloves + overalls + WPC
Airblast application
High volume application - <1
low volume application - 6
ultra low volume application -
                                20

Higher work rate (21 ha/d)
Mixing/loading method not
reported
Airblast sprayers (total of 25)
cabless tractors (gloves + overalls
+ WPC) - 3
cabs with charcoal filters (gloves
+ overalls ) - 1
Application rates not available
(Spittler and Burke, 1985)

POEM
gloves + overalls + WPC
open pour method and airblast
spraying
High volume application - <1
low volume application - <1
ultra low volume application-<1
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Table 24 (cont) -  MOE for various worker categories obtained from measured worker exposure studies and
POEM when handling EC parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Stone and
Pome
fruit
(cont.)

Lower work rate (9 ha/d)
gloves + overalls + WPC
open-pour method (2) -
             100 - 200
open-closed method (1) - 100
closed mixing (1) - 2000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method for high
volume application - <1

Lower work rate (9 ha/d)
-

POEM
gloves + overalls + WPC
Airblast application
High volume application - <1

Lower work rate (9 ha/d)
Mixing/loading method not
reported
Airblast sprayers (total of 25)
cabless tractors (gloves +
overalls + WPC) 7
cabs with charcoal filters
(gloves + overalls) - 3
Application rates not
available, surrogate data
(Spittler and Burke, 1985)

POEM
gloves + overalls + WPC
open pour method and airblast
high volume spraying - <1

Independent of work rate
Mixing/loading method not
reported
high pressure airblast sprayers
open tractors, gloves +
overalls + WPC (8) - <1
air conditioned cabs, gloves +
overalls (3) - <1
air conditioned cabs + filters,
gloves + overalls (2) - <1
Similar concentration
(Yeung, 1996)

Mixing/loading method not
reported
electrostatic sprayers
airconditioned cabs, gloves +
overalls (4) - <1
concentration variable
(Yeung, 1996)

Vines gloves + overalls + WPC
open-pour method (2) -
                 200 - 300
open-closed method (1) - 200
closed mixing (1) - 3500
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

- -

POEM
gloves
open pour method
High volume application - <1
low volume application - <1
ultra low volume application -
                        <1

POEM
gloves + overalls + WPC
Airblast spraying
High volume application - 2
low volume application - 10
ultra low volume application -
                          20

POEM
gloves + overalls + WPC
open mixing and airblast
spraying
High volume application - <1
low volume application - <1
ultra low volume application -
                               <1
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Table 24 (cont) -  MOE for various worker categories obtained from measured worker exposure studies and
POEM when handling EC parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Vegetables
and
cruciferous
forage
crops
boom
spraying

Higher work rate (50 ha/d)
gloves + overalls + WPC
open-pour method (2)
       - 100 - 200
open-closed method (1) - 100
closed mixing (1) - 2000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method for boom
spraying - <1

Lower work rate (4 ha/d)
gloves + overalls + WPC
open-pour method (2) -
                1000 - 2000
open-closed method (1) - 2000
closed mixing (1) - 40,000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method - <1

Higher work rate (50 ha/d)
-

POEM
gloves + overalls
Boom spraying (closed cabs) -
20

Lower work rate (4 ha/d)
-

POEM
gloves + overalls
boom application (closed cab)
- 20

Higher work rate (50 ha/d)
-

POEM
gloves + overalls
open pour mixing and boom
spraying (closed cabs) - <1

Lower work rate (4 ha/d)
-

POEM
gloves + overalls
open pour mixing and boom
spraying (closed cab) - <1

Vegetables
and
cruciferous
forage
crops
aerial
spraying

gloves + overalls + WPC
open-pour method (2)
       - 20 - 40
open-closed method (1) - 40
closed mixing (1) - 500
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

gloves + overalls
Fixed wing aircraft (3)
      - 400 - 666
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

_

Tobacco
and clover
seed crops
boom
spraying

Higher work rate (240 ha/d)
gloves + overalls + WPC
open-pour method (2)
       - 10 - 25
open-closed method (1) - 20
closed mixing (1) - 300
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method for boom
spraying - <1

Higher work rate (240 ha/d)
-

POEM
gloves + overalls
Boom spraying (closed cab) -
7

Higher work rate (240 ha/d)
-

POEM
gloves + overalls
open pour mixing and boom
spraying (closed cab) - <1
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Table 24 (cont) -  MOE for various worker categories obtained from measured worker exposure studies and
POEM when handling EC parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Tobacco
and
clover
seed crops
boom
spraying
cont.

Lower work rate (120 ha/d)
gloves + overalls + WPC
open-pour method (2) -
                  25 - 50
open-closed method (1) - 40
closed mixing (1) - 600
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method - <1

Lower work rate (120 ha/d)
-

POEM
gloves + overalls
High volume boom
application (closed cab)  - 7

Lower work rate (120 ha/d)
-

POEM
gloves + overalls
open pour mixing and high
volume boom spraying (closed
cab) - <1

EC formulations

Cotton  -  boom spraying (120 ha/d - 600 ha/d)

From the surrogate data of Jones and MacGregor, MOE for open
mixing/loading were unacceptable when wearing gloves and two layers of
protective clothing. MOE obtained for closed mixing/loading was acceptable for
the lower work rate, but not the higher rate (one subject only).

However, for application, POEM estimates for the lower work rate were <1 for
a typical low volume spray application rate of 50 L/ha.  Estimates for the higher
work rate would be worse.  MOE for combined mixer/loader/applicators were
<1.

Conclusion

MOE for combined mixing/loading and application in closed cabs indicates that
the use of parathion-methyl by boom spraying on cotton is unacceptable.

Cotton  -  aerial spraying

POEM is unsuitable for the estimation of exposure by aerial application.

Based on the limited standardised surrogate data from Jones and MacGregor,
MOE for mixing/loading for aerial spraying were unacceptable for both open
and closed methods (one subject only) when wearing full PPE.
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MOE calculated from the data for aerial application were unacceptable when
wearing gloves and overalls.  However, the study authors noted a number of
deficiencies in hygiene and application practices.  Inflight exposures resulted
from flying back into clouds of pesticide which remained dispersed after
spraying.

Conclusion

Standardised worker exposure data indicate unacceptable risk from  the use of
parathion-methyl in the aerial spraying of cotton.

It is not possible to estimate whether closed mixing/loading and good spray
application practice would decrease exposure to acceptable levels.  Measured
worker exposure data would be required for assessment of this use.

Citrus  -  airblast spraying

Overall, MOE for worker exposure during airblast spraying of citrus were
unacceptable.  POEM estimates were <1 for typical high, low and ultra-low
volume application rate of 1500, 500 and 80 L/ha respectively.  All MOE for
mixing/loading (wearing gloves) were <1.  For spray application, the MOE for
ultra-low volume application was 20 (wearing full PPE), still unacceptable.

Surrogate data from worker exposure studies for parathion were available for
the risk assessment.  The limited data from Jones and MacGregor for
mixing/loading wearing full PPE, standardised to typical Australian use rates,
indicated that exposure during closed mixing/loading was acceptable (MOE
250), but that open mixing/loading was unacceptable (MOE 10 - 22).
Application data from worker exposure studies for parathion in citrus indicated
that MOE were unacceptable for both open tractors (wearing full PPE) and
those with closed cabs (wearing gloves and overalls).  This data included
application by airblast sprayers and vertical and oscillating boom sprayers.
However, oscillating boom sprayers are not commonly used in Australia.

Conclusion

Limited measured exposure data and POEM data indicate unacceptable risk
during combined mixing/loading and application of parathion-methyl on citrus
by airblast spraying in both closed and open cab tractors.
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Citrus  -  electrostatic spraying

POEM could not be used to estimate potential exposures by electrostatic
spraying.  No worker exposure studies were available for electrostatic spraying
of citrus.  The maximum application rate of parathion-methyl in citrus is higher
than in stone and pome fruit, while the work rates are expected to be
comparable under Australian conditions.  Hence, MOE are expected to be lower
for citrus than stone and pome fruit, for which the MOE for electrostatic
spraying is unacceptable (refer below).

Conclusion

Data extrapolated from other crops suggest that risk during mixing/loading and
electrostatic spraying of citrus  would be unacceptable.

Stone and pome fruit  - airblast spraying

Higher work rate (21 ha/d)

All MOE from POEM estimates of exposure during mixing/loading wearing
gloves were <1.  For spray application wearing full PPE, the MOE for ultra-low
volume application was 20, still unacceptable.  Combined MOE were <1.

MOE from measured worker exposure data was variable.  Based on the limited
standardised surrogate data from Jones and MacGregor, MOE for
mixing/loading wearing full PPE were unacceptable for open mixing/loading
(40-100) and acceptable for closed mixing/loading (1000, one subject).  For the
combined mixing/loading and application surrogate data from Spittler and
Burke, MOE standardised to local conditions were unacceptable in both open
cabs (wearing full PPE) and closed cabs (wearing gloves and one layer of
clothing).

Lower work rate (9 ha/d)

MOE from POEM estimates were calculated for high volume spray application
only.  All MOE were <1.

MOE for the Jones and MacGregor data standardised to Australian conditions
were acceptable for mixer/loaders wearing full protective clothing and using
open and closed systems.  For the combined mixing/loading and application
surrogate data from Spittler and Burke, MOE standardised to local conditions
were unacceptable in both open cabs (wearing full PPE) and closed cabs
(wearing gloves and overalls).
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Independent of work rate

For high volume airblast spraying, MOE generated for exposures in the
Australian study by Yeung et al. in typical local conditions and applying
protection factors to include use of PPE were <1.  The results included
exposures during spray application in open tractors wearing full protective
clothing and closed cabs wearing gloves and one layer of clothing.

Biological exposure data indicated that usual spray practice in some workers
resulted in exceeding the ACGIH BEI for parathion.

Conclusion

POEM estimates and local worker exposure data indicate that the risk during
combined mixing/loading and application of parathion-methyl by airblast
spraying on stone and pome fruit is unacceptable.

Stone and pome fruit  -  electrostatic spraying

POEM could not be used to estimate potential exposures by electrostatic
spraying.  Based on the results by Yeung et al. for the study in typical Australian
conditions (four subjects), the MOE for the application of parathion-methyl by
electrostatic spraying is unacceptable.  Moreover, the MOE is based on spray
application in air-conditioned cabs (wearing gloves and overalls).

Conclusion

Measured worker exposure data in Australia indicates that the risk during the
use of parathion-methyl by electrostatic spraying on stone and pome fruit is not
acceptable.

Vines  - airblast spraying

MOE from POEM estimates were <1 for typical high, low and ultra-low volume
application rate of 1000, 500 and 80 L/ha respectively.  All MOE for
mixing/loading wearing gloves were <1.  For spray application, the MOE for
ultra-low volume application wearing gloves, overalls and WPC was 20, still
unacceptable.
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Surrogate data from the Jones and MacGregor study for worker exposure during
parathion mixing/loading were used in the risk assessment as no other measured
worker exposure data was available for vines.  MOE generated from the limited
data were acceptable when workers were protected by gloves and two layers of
clothing.  The MOE generated for open mixing/loading being 200-300, and for
closed mixing/loading 3500.  No measured data was available for exposure
during application.  However, stone and pome fruit airblast data for
mixer/loader/applicators suggest airblast application in vines would be
unacceptable.

Conclusion

POEM estimates for combined mixing/loading and application and supportive
worker exposure data for airblast application in orchards indicates that the risk
during use of parathion-methyl on vines by airblast spraying is unacceptable.

Vines  -  electrostatic spraying

POEM could not be used to estimate potential exposures by electrostatic
spraying.  No worker exposure studies were available for vines, however,
worker exposure is not expected to be significantly different from stone and
pome fruit applications (although the work rate is expected to be slightly
higher).  Based on the results by Yeung et al. for the study in stone and pome
fruit under typical Australian conditions, MOE for the application of parathion-
methyl by electrostatic spraying is not likely to be acceptable.

Conclusion

Data extrapolated from other crops suggest that risk during mixing/loading and
electrostatic spraying of vines would be unacceptable.

Vegetables and cruciferous forage crops -  boom spraying

Higher work rate (50 ha/d)

For vegetables, all MOE from POEM estimates of exposure during
mixing/loading with gloves were <1.  For spray application, the MOE for boom
spraying wearing gloves and overalls in closed cabs was 20, still unacceptable.
Combined MOE were <1.
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Surrogate data from the Jones and MacGregor study for worker exposure during
parathion mixing/loading were used in the risk assessment as no other measured
worker exposure data was available for vegetables.  MOE generated from the
limited data wearing gloves and two layers of clothing were acceptable for open
mixing/loading (MOE 100 -200) and closed mixing/loading (MOE 2000).  No
measured data was available for exposure during application.

Lower work rate (4 ha/d)

Combined MOE from POEM estimates for the lower work rate were also <1
when wearing gloves for mixing/loading and application and gloves and
overalls in closed cabs for application.  MOE for application only was also
unacceptable (20).

From the surrogate data of Jones and MacGregor, MOE for both open and
closed mixing/loading were acceptable, with workers wearing full protective
equipment.

Conclusion

POEM estimates for combined mixing/loading and application indicate that the
risk during use of parathion-methyl on vegetables and cruciferous forage crops
by boom spraying is unacceptable, even  when closed cabs are used.

Vegetables and cruciferous forage crops -  aerial spraying

Based on the standardised surrogate data from Jones and MacGregor, the MOE
for fully protected workers mixing/loading for aerial spraying was acceptable
for closed methods but unacceptable for open mixing/loading.  MOE calculated
from the data for aerial application (wearing gloves and overalls) were
acceptable at 400 - 666.  POEM is unsuitable for the estimation of exposure by
aerial application.

Conclusion

Measured exposure data indicates that worker exposure and risk and aerial
application of parathion-methyl in vegetables and cruciferous forage crops is
acceptable.  Data from one worker indicates that closed mixing/loading may be
acceptable, however, further data would be required to support this conclusion.

Clover seed crops and tobacco  -  boom spraying

Only limited evidence was available that parathion-methyl was applied on
tobacco crops.  For the purposes of the risk assessment, MOE for tobacco were
combined with clover seed crops as application methods and rates were
expected to be similar.

Higher work rate (240 ha/d)
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For clover seed and tobacco, all MOE from POEM estimates were unacceptable,
even when closed cabs are used.

Surrogate data from the Jones and MacGregor study for worker exposure during
parathion mixing/loading were used in the risk assessment as no other measured
worker exposure data was available for clover seed or tobacco.  MOE generated
from the limited data were unacceptable for open mixing/loading wearing full
PPE (MOE 10-25), whilst for closed mixing/loading the MOE was acceptable at
300.  No measured data was available for exposure during application.

Lower work rate (120 ha/d)

MOE from POEM estimates for the lower work rate were also unacceptable.
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From the surrogate data of Jones and MacGregor, MOE were unacceptable for
open mixing/loading (MOE 25-50) wearing full PPE, whilst MOE for closed
mixing/loading was acceptable at 600.  No measured exposure data was
available for applicators.

Conclusion

POEM estimates for combined mixing/loading and application indicate that the
risk during use of parathion-methyl on clover seed crops and tobacco by boom
spraying is unacceptable.

Table 25. - Comparison between MOE for various worker categories obtained from measured worker
exposure studies and POEM when handling ME parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Pome
fruit

Higher work rate (21 ha/d)
gloves + overalls + WPC
open-pour method (2)
       - 66 - 200
open-closed method (1) - 100
closed mixing (1) - 2000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method
High volume application - <1
low volume application - 2
ultra low volume application -
5

Lower work rate (9 ha/d)
gloves + overalls + WPC
open-pour method (2) -
200 - 300
open-closed method (1) - 200
closed mixing (1) - 3000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

POEM
gloves
open pour method for high
volume application - <1

Higher work rate (21 ha/d)
-

POEM
gloves + overalls + WPC
Airblast application
High volume application - 2
low volume application - 10
ultra low volume application -
                                20

Lower work rate (9 ha/d)
-

POEM
gloves + overalls + WPC
Airblast application
High volume application - 2

Higher work rate (21 ha/d)
Mixing/loading method not
reported
Airblast sprayers (total of 25)
cabless tractors (gloves + overalls
+ WPC) - 3
cabs with charcoal filters (gloves
+ overalls ) - 1
Application rates not available
(Spittler and Burke, 1985)

POEM
gloves + overalls + WPC
open pour method and airblast
spraying
High volume application - <1
low volume application - 1.5
ultra low volume application - 4

Lower work rate (9 ha/d)
Mixing/loading method not
reported
Airblast sprayers (total of 25)
cabless tractors (gloves + overalls
+ WPC) 7
cabs with charcoal filters (gloves
+ overalls) - 3
Application rates not available
(Spittler and Burke, 1985)

POEM
gloves + overalls + WPC
open pour method and airblast
high volume spraying - <1

Independent of work rate
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Mixing/loading method not
reported
high pressure airblast sprayers
open tractors, gloves + overalls +
WPC (8) - <1
air conditioned cabs, gloves +
overalls (3) - <1
air conditioned cabs + filters,
gloves + overalls (2) - <1
Similar concentration
(Yeung, 1996)

Mixing/loading method not
reported, ME formulation
electrostatic sprayers
airconditioned cabs, gloves +
overalls (1) - 2
concentration variable
(Yeung, 1996)
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Table 25 (cont) - MOE for various worker categories obtained from measured worker exposure studies and
POEM, when handling ME parathion-methyl

Crop MOE for mixer/loaders
(number of subjects),

concentration of spray
(reference)

MOE for applicators
(number of subjects),

concentration of spray
(reference)

MOE for
mixer/loader/applicators

(number of subjects),
concentration of spray

(reference)
Citrus gloves + overalls + WPC

open-pour method (2) - 20 -
40
open-closed method (1) - 25
closed mixing (1) - 400
Within and above Australian
rates
(Jones et al., 1987 and
MacGregor, 1988)

Airblast sprayers
open tractors, gloves +
overalls + WPC (2) - 3
cabs with open windows,
gloves + overalls + WPC (2) -
1
closed cabs, gloves + overalls
(2) - 20
More concentrated spray

oscillating boom sprayers
open tractors, gloves +
overalls + WPC (2) - <1
cabs with open windows,
gloves + overalls + WPC (2) -
<1
closed cabs, gloves + overalls
(2) - 7
filtered air cabs. gloves +
overalls (2) - 20
More concentrated spray
(Carman et al., 1982)

gloves + overalls + WPC
Vertical boom sprayers
semi-closed cabs (2) - <1
identical concentration
(Maddy et al., 1984)

-

POEM
gloves
open pour method
low volume application - 2.5
ultra low volume application -
5

POEM
gloves + overalls + WPC
Airblast spraying
low volume application - 10
ultra low volume application -
20

POEM
gloves + overalls + WPC
open mixing and airblast
spraying
low volume application - 2
ultra low volume application -
4

Vines gloves + overalls + WPC
open-pour method (2) -
                 200 - 300
open-closed method (1) - 200
closed mixing (1) - 3000
More concentrated spray
(Jones et al., 1987 and
MacGregor, 1988)

- -

POEM
gloves
open pour method
High volume application - 4
low volume application - 1
ultra low volume application -
5

POEM
gloves + overalls + WPC
Airblast spraying
High volume application - 1.5
low volume application - 10
ultra low volume application -
                          20

POEM
gloves + overalls + WPC
open mixing and airblast
spraying
High volume application - <1
low volume application - 1
ultra low volume application -
4
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ME formulation

As stated earlier, external exposure to the product and spray can be estimated,
however, a “worst-case” absorption potential must be assumed in the absence of
any data.

Pome fruit  - airblast spraying

Higher work rate (21 ha/d) and Lower work rate (9 ha/d)

While some MOE were slightly higher than for EC products, they remained
unacceptable overall for mixer/loader/applicators.

Independent of work rate

For high volume airblast spraying, MOE generated for exposures in the
Australian study by Yeung et al. in typical local conditions were 2 or less,
including the MOE for one exposure to an ME formulation.  The results
included exposures during spray application in open tractors wearing full
protective clothing and closed cabs wearing gloves and one layer of clothing.

Conclusion

POEM estimates and local Australian worker exposures may overestimate the
risk, however, in the absence of further data, it can only be concluded that MOE
for parathion-methyl ME in airblast spraying of pome fruit are unacceptable.

Citrus and vines -  airblast spraying

While some MOE were slightly higher than for EC products, they remained
unacceptable overall for mixer/loader/applicators in both citrus and vines.

Conclusion

In the absence of further data, it can only be concluded that MOE for
parathion-methyl ME airblast spraying of citrus and vines are unacceptable.

Pome fruit, citrus and vines  -  electrostatic spraying

POEM could not be used to estimate potential exposures by electrostatic
spraying.  Based on the results by Yeung et al. for the study in typical Australian
conditions, the MOE for the application of parathion-methyl by electrostatic
spraying (ME formulation, one applicator) is unacceptable in both pome fruit
and citrus.

Worker exposure is expected to be similar and unacceptably high in vines.
Moreover, the MOE is based on spray application in air-conditioned cabs
(wearing gloves and overalls).



National Registration Authority for Agricultural and Veterinary Chemicals, Australia

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

99

Conclusion

Based on limited data obtained from the Australian study, it can only be
concluded that MOE for parathion-methyl ME application by electrostatic
spraying on pome fruit, citrus and vines is not acceptable.

Other use situations and issues

Back mounted knapsack equipment is specifically prohibited on the label for
one state (Victoria).  Parathion-methyl performance questionnaires and the NRA
Efficacy Assessment did not indicate that knapsack application of this chemical
takes place in Australia.  No exposure data on hand-held uses of parathion-
methyl was available in the published literature.  Considering the crops on
which parathion is registered knapsack application is not likely to be required.

Greenhouse use of parathion is not specifically prohibited on parathion-methyl
labels.  No information was obtained through performance questionnaires or
NRA Efficacy Assessment on whether parathion-methyl is used in greenhouses.
Worker exposure data was not available in the published literature on this use
and POEM cannot be used to predict greenhouse exposures.  Hence, the risk to
greenhouse workers applying parathion-methyl could not be assessed.

The risk assessment indicates unacceptable risk when using parathion-methyl
alone.  Therefore, the additional risk posed by tank mixing with other
anticholinesterase products would be unacceptable.

4.4  Assessment of bystander exposure

Aerial application of parathion-methyl can occur in cotton and vegetables.
Draper et al. (1981) estimated that a person standing 45 metres away from an
aerial application site (using lower parathion-methyl application rates than
recommended for cotton and similar to rates recommended for vegetables in
Australia) could be exposed dermally to 0.38 mg parathion-methyl.  Based on a
60 kg body weight and 10% dermal absorption of parathion, such a person
would be afforded a 50-fold safety factor from skin contamination of exposed
areas only compared to the acute human reference dose of 0.03 mg/kg/d.  This
reference dose already includes a safety factor, however, from the data available
it is not possible to identify a minimum buffer zone.
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Conclusion

Risk to human flaggers is therefore unacceptable.

4.5 Re-entry assessment

Two factors are considered in this report when assessing the risk to workers
during re-entry, namely measured worker re-entry data and foliar residues.  Re-
entry exposure could be acute, short-term with periodic re-entry over crop life or
repeated over several days at a time.  MOE are calculated from measured
worker re-entry data available in the published literature and using the rat oral
NOEL of 0.02 mg/kg/d, to cover acute, short-term and repeated exposure to
parathion-methyl residues.  Foliar residue data, also obtained from the open
literature, is used in this report in an attempt to determine when residues in
treated areas decline to safe levels.

The proposed safe foliar residue level for parathion-methyl in the US is 0.15
µg/cm2.  No safe level was proposed for paraoxon-methyl residues.

The following assumptions are made in calculating MOE for workers re-
entering parathion-methyl treated crops (refer to Attachment B for calculations).

* excretion of 1 mg PNP is estimated to be due to absorption of 1.9 mg
parathion-methyl by all routes.  Absorbed doses and MOE calculated from PNP
levels are denoted as “combined routes”;

* all exposures corrected for a 8 hour work day;

* a tidal volume of 29 L/min;

* 100% respiratory absorption and 10% dermal absorption of parathion-methyl;

* 10% penetration of parathion-methyl through gloves and clothing (re-entry
workers are expected to wear cotton overalls only);

* 60 kg body weight; and

* MOE calculated using the rat NOEL of 0.02 mg/kg/d.

Table 26 and 27 detail exposure data during re-entry and corresponding foliar
residue levels for EC and ME formulations of parathion-methyl respectively.
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Table 26. - Comparison of risk when re-entering crops treated with EC parathion-methyl

Re-entry period, crop,
application rate, number of

subjects (reference)

Foliar residues
(chemical

entity) (µg/cm2)

Urinary PNP
(mg) and equivalent amount

of parathion-methyl (mg)

ChE levels and serum
chemical levels

Potential dermal
exposure
(mg/d)

Inhalation exposure
(mg/d)

Absorbed dose (routes
of exposure)
(mg/kg/d)

MOE (routes of
exposure)

At application
cotton, 1.2 kg ai/ha, 5
subjects (Ware et al., 1975)

2.37 (thion) - - - - - -

At application
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

2.02 (thion)

0.013 (oxon)

- - - - - -

At application
cotton, 1.1 kg ai/ha, no
subjects (Ware et al., 1983)

4.7 (thion)

0.04 (oxon)

- - - - - -

At application
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray, 2
subjects (Davis et al.,
1981)

2.4 (thion) - - - - - -

2 hours
cotton, ULV spraying at
2.24 kg ai/ha, 2 subjects (2
replicates each) (Nemec et
al., 1968)

not measured not measured no depression of plasma
and RBC ChE seen
during trial.

Rep 1 - average 3.18
mg (range 2.02 -
4.34))
Rep 2 - average 7.2
mg (range 4.34 -
10.09)

not measured Rep 1 - 0.0005
(dermal)

Rep 2 - 0.001 (dermal)

40 (dermal)

20 (dermal)

12 hours
cotton, 1.2 kg ai/ha, 5
subjects (Ware et al., 1975)

1.63 (thion) 5 hour exposure
1.7 mg PNP and 3.23 mg
parathion-methyl

RBC ChE depressed,
chemical detected in
urine

89.6 0.12 0.02 (dermal and
inhalation)

0.05 (combined routes)

1 (dermal and
inhalation)

<1  (combined routes)
24 hours
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray, 2
subjects (Davis et al.,
1981)

0.84 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
0.58

potential inhalation
exposure
0.002

0.0001 (dermal hands
only and inhalation)

200  (dermal hands
only and inhalation)

24 hours
sweet corn packing, 0.17
kg ai/ha parathion and 0.09
kg ai/ha parathion-methyl,
25 subjects (Wicker et al.,
1979)

0.13 (thion) full day exposure
max. 0.6 mg PNP or 1.14 mg
parathion-methyl (without
gloves) and 0.1 mg PNP or
0.19 mg parathion-methyl
(with gloves)

RBC and plasma ChE
depression > 20%
without gloves and
<<20% with gloves

not measured not measured 0.02 (combined routes,
without gloves)

0.003 (combined
routes, with gloves)

1  (combined routes,
without gloves)

7  (combined routes,
with gloves)
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Table 26 (cont) - Comparison of risk when re-entering crops treated with EC parathion-methyl

Re-entry period, crop,
application rate, number
of subjects (reference)

Foliar residues
(chemical entity)

(µg/cm2)

Urinary PNP
(mg) and equivalent
amount of parathion-

methyl (mg)

ChE levels and serum
chemical levels

Potential dermal
exposure
(mg/d)

Inhalation exposure
(mg/d)

Absorbed dose
(routes of exposure)

(mg/kg/d)

MOE (routes of
exposure)

24 hours
cotton, ULV spraying at
1.68 kg ai/ha, 2 subjects
(Nemec et al., 1968)

not measured not measured no depression of plasma
and RBC ChE seen during
trial.

average 0.26 mg
(range 0.16 - 0.35)

not measured 0.00004 (dermal) 500 (dermal)

24 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.19 (thion)

0.022 (oxon)

- - - - - -

24 hours
cotton, 1.1 kg ai/ha, no
subjects (Ware et al.,
1983)

0.29 (thion)

0.03 (oxon)

- - - - - -

24 -30 hours
cotton, 1.2 kg ai/ha, 4
subjects (Ware et al.,
1974b)

0.2 (thion at 30
hours)

<0.005 (oxon at
30 hours)

5 hour exposure
1.2 mg PNP (maximum)
and 2.28 mg parathion-
methyl

RBC and plasma ChE not
depressed.  Chemical not
detected in blood

not measured 0.002 0.038 (combined
routes)

<1 (combined
routes)

48 hours
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

0.48 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
0.33

potential inhalation
exposure
0.003

0.0001 (dermal,
hands only and

inhalation)

200 (dermal, hands
only and inhalation)

48 hours
sweet corn packing, 0.17
kg ai/ha parathion and
0.09 kg ai/ha parathion-
methyl, 25 subjects
(Wicker et al., 1979)

0.14 (thion) not provided RBC and plasma ChE
depression > 20% without
gloves, RBC ChE
depression <20% and
plasma ChE depression
>20% with gloves

not measured not measured - -

48 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.064 (thion)

0.013 (oxon)

- - - - - -

48 hours
cotton, 1.1 kg ai/ha, no
subjects (Ware et al.,
1983)

0.08 (thion)

0.01 (oxon)

- - - - - -
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Table 26 (cont) - Comparison of risk when re-entering crops treated with EC parathion-methyl

Re-entry period, crop,
application rate, number
of subjects (reference)

Foliar residues
(chemical entity)

(µg/cm2)

Urinary PNP
(mg) and equivalent
amount of parathion-

methyl (mg)

ChE levels and serum
chemical levels

Potential dermal
exposure
(mg/d)

Inhalation exposure
(mg/d)

Absorbed dose
(routes of exposure)

(mg/kg/d)

MOE (routes of
exposure)

72 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.022 (thion)

0.009 (oxon)

- - - - - -

72 hours
cotton, 1.1 kg ai/ha, no
subjects (Ware et al.,
1983)

0.03 (thion)

0.01 (oxon)

- - - - - -

72 hours
cotton, 1.3% ai in spray,
2 subjects (Ware et al.,
1973)

- not detected ChE not depressed.
Parathion-methyl not
detected in serum

47.36 1.44 0.03 (dermal and
inhalation)

<1 (dermal and
inhalation)

72 hours
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

0.36 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
0.24

potential inhalation
exposure
0.002

0.00007 (dermal
hands only and

inhalation)

285 (dermal hands
only and inhalation)

96 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.014 (thion)

0.006 (oxon)

- - - - - -

96 hours
cotton, 1.1 kg ai/ha, no
subjects (Ware et al.,
1983)

0.02 (thion)

0.003 (oxon)

- - - - - -

>96 hours
cotton, <0.6 kg ai/ha and
2 kg ai/ha, 12 subjects
(Burns et al., 1975)

not measured maximum 0.3 mg PNP and
0.57 mg parathion-methyl

significant depression of
plasma and RBC ChE

not measured not measured 0.01 (combined
routes)

2 (combined routes)

7 days
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

0.24 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
0.055

potential inhalation
exposure
0.001

0.00003 (dermal
hands only and

inhalation)

650 (dermal hands
only and inhalation)
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 Table 27. - Comparison of risk when re-entering crops treated with ME parathion-methyl

Re-entry period, crop,
application rate, number
of subjects (reference)

Foliar residues
(chemical entity)

(µg/cm2)

Urinary PNP
(mg) and equivalent
amount of parathion-

methyl (mg)

ChE levels and serum
chemical levels

Potential dermal
exposure
(mg/d)

Inhalation exposure
(mg/d)

Absorbed dose
(routes of exposure)

(mg/kg/d)

MOE (routes of
exposure)

At application
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.58 (thion)

0.008 (oxon)

- - - - - -

At application
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

2.8 (thion)

24 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.29 (thion)

0.012 (oxon)

- - - - - -

24 hours
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

2.24 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
3.1

potential inhalation
exposure
0.012

0.0007 (dermal
hands only and

inhalation)

30 (dermal hands
only and inhalation)

48 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.28 (thion)

0.01 (oxon)

- - - - - -

48 hours
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

1.54 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
3.2

potential inhalation
exposure
0.009

0.0007  (dermal,
hands only and

inhalation)

30 (dermal, hands
only and inhalation)

72 hours
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

1.26 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
3.0

potential inhalation
exposure
0.007

0.0006 (dermal
hands only and

inhalation)

33 (dermal hands
only and inhalation)

72 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.17 (thion)

0.01 (oxon)

- - - - - -
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Table 27 (cont) - Comparison of risk when re-entering crops treated with ME parathion-methyl

Re-entry period, crop,
application rate, number
of subjects (reference)

Foliar residues
(chemical entity)

(µg/cm2)

Urinary PNP
(mg) and equivalent
amount of parathion-

methyl (mg)

ChE levels and serum
chemical levels

Potential dermal
exposure
(mg/d)

Inhalation exposure
(mg/d)

Absorbed dose
(routes of exposure)

(mg/kg/d)

MOE (routes of
exposure)

96 hours
cotton, 1.1 kg ai/ha, no
subjects (Cahill et al.,
1975)

0.13 (thion)

0.006 (oxon)

- - - - - -

7 days
apples thinning, 1.68 kg
ai/ha, 0.04% ai is spray,
2 subjects (Davis et al.,
1981)

0.7 (thion) not measured not measured potential exposure of
hands only, duration
of exposure
unspecified
1.0

potential inhalation
exposure
0.005

0.0003 (dermal
hands only and

inhalation)

66 (dermal hands
only and inhalation)
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4.5.1  Conclusions on re-entry risk

EC formulation

Foliar residue levels of EC parathion-methyl were below the safe level (0.15
µg/cm2) proposed in the US, 48 hours post-application and later, except in the
study by Davis et al. (1981) where this level was exceeded even 7 days post
application.  There is no data on which to conclude a safe REP with respect to
oxon residues.

MOE calculated for re-entry workers were unacceptable up to >96 hours post-
application, except in the study by Davis et al. (1981) where hand only exposure
was estimated (for dermal route).  Due to the small number of subjects (2) and
the very short duration of exposure (approximately 3 minutes each), this data
alone cannot be used to set an REP.

A 14 day REP was assigned in relation to thion residues of parathion.  In the
absence of adequate data on thion and oxon residues, a 14 day REP is also
recommended for parathion-methyl.

Conclusion

The current REP for EC parathion-methyl of 2-5 days is inadequate.  However,
there is insufficient data to revise this period.  Additional worker re-entry data
would be required in order to establish a safe REP.  A 14 day REP is
recommended in the interim, consistent with the recommendation made for
parathion.

ME formulation

Currently, Penncap-M has no REP specified on the label.

Limited foliar residue data is available for ME parathion-methyl.  Davis et al.
(1981) indicated that ME residues exceeded the safe level (0.15 µg/cm2) 7 days
post-application.  The results of 1 study indicated that thion residues were below
the safe level proposed for the US, 96 hours post-application (Cahill et al.,
1975).  This data is to be interpreted with caution because ME parathion-methyl
is known to be significantly more persistent than EC parathion-methyl residues,
as demonstrated by Davis et al. who compared EC and ME residues in apple
orchards.  In this study which used a spray concentration similar to that
recommended for Australian conditions, EC foliar residues at 24 hours were of
similar magnitude to ME residues at 5 days.

MOE calculated for re-entry workers were unacceptable up to 7 days after
application.  No data is available after this period.
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Conclusion

Limited foliar residue and worker exposure data clearly indicate that the REP
for ME parathion-methyl should be longer than for EC parathion-methyl.
However, there is insufficient data to set a safe REP for ME parathion-methyl.
Additional worker re-entry data would be required in order to establish a safe
REP for ME parathion-methyl .  A 14 day REP is recommended in the interim,
consistent with the recommendation made for parathion.

4.5.2  Additional re-entry exposure data

The following unpublished re-entry study was submitted by Colin Campbell Pty
Ltd. (September 1997) as part of the additional data package on parathion-
methyl:

Schulze T, Lakat MF, Prostak DJ (undated) Assessment of Potential Exposure
of Pest Management Scouts to Selected Organophosphate and Carbamate
Insecticides.

The study was conducted on 89 sweet corn farms in the US, over 4 weeks in
July 1980.  Nine scouts and five investigators  carried out identical activities.
Exposure to ME parathion-methyl (Penncap-M), parathion, carbaryl and
methomyl was monitored.  Study subjects wore long sleeve shirts and long
trousers.  Details of application times relative to re-entry times were not
provided.  However, subjects were instructed not to enter fields for 48 hours
post-application.

Urinary PNP was estimated to determine total worker exposure to parathions.
Twelve hour urine samples were collected overnight from all subjects,
beginning at the end of work activities each Wednesday, to determine actual
exposure to the chemical.  Study participants also provided 12 hour night urine
samples every Sunday, during the study.  These samples served as controls for
the subsequent week’s exposure as well as indicated any exposure experienced
between Thursday and Saturday of each week.  In addition, each investigator
collected all urine excreted in four sequential 12 hour periods during week 3 of
the study.  These samples were used to ascertain the length of time required to
completely excrete the metabolite.

Potential inhalation exposure was measured each Wednesday over the 4 week
study period, using constant flow samplers worn by the investigators (only) in
each team.  Samplers remained operational for the duration of the worker’s time
in the field and were replaced prior to entering a new field.  The resulting
composite sample was considered to most closely approximate total inhalation
exposure received by each team over a full working day.

To estimate potential dermal exposure, four α-cellulose patches were placed to
the outer right and left forearm and outer right and left calf of both scouts and
investigators, on the Wednesday of week 3 of the study.  The patches were worn
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until survey activities on each farm were completed.  Subjects donned a new set
of 4 patches upon entering a subsequent farm.  At the end of each day’s work,
each subject collected a composite potential dermal exposure sample for arms
and legs.

Also on the Wednesday of week 3, each scout-investigator team collected
foliage samples from each field visited.  A total of 6 leaves were obtained from
a single plant (top, middle and lower samples) per field.  All foliage samples
collected per farm formed a composite sample.  Four leaves were randomly
selected from each composite sample for analysis.

Only parathion-methyl data is considered in this report.  Parathion-methyl
residues were detected in composite ambient air samples during week 3 (1.74 x
10-4 mg/m3), when at least one field entered was treated 2 days prior to entry,
and during week 4 (6 x 10-5 mg/m3), when fields were treated 9 days previously.
Foliage residues of parathion-methyl were detected in 2/27 composite samples.
The maximum level detected on patch samples was 3 x 10-6 mg/cm2.  No
statistical difference was noted in the pre- and post-exposure urinary PNP
levels.  Insufficient positive data points for parathion-methyl prevented
comparison of results of patch testing with foliage residue data.

In order to reduce exposure variables to a common denominator, a Predictive
Index of Exposure (PIE) was generated in each case.  The PIE was based on
time exposed to fields with detectable insecticide residues and the time post-
application.  The PIE was compared with the urinary metabolite data collected
during week 3.

The following deficiencies were noted in the study:

. no details were provided on the duration of each subject’s exposure and
the number of fields surveyed;

. foliage and patch sampling was carried out on one day only, and that
being in Week 3, during the whole study.  Collection of foliage samples
is not sufficiently representative;

. collection of composite samples may have distorted individual exposure
values; and

. data on spray application in fields surveyed, ie. chemicals applied, spray
concentrations, dates of spraying, time of re-entry in relation to spray
application, were not provided.
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Conclusion

Considering the deficiencies in this study particularly with regard to reporting
of spraying and re-entry times, the results could not be used to reach a
meaningful conclusion regarding re-entry into fields treated with parathion-
methyl.  Therefore, revision of the re-entry risk assessment is not warranted.

4.6  Summary

The acute toxic potential of parathion-methyl concentrate and spray during end
use, based on theoretical calculations only, is included in Section 4.1.  The
volume of EC concentrate equivalent the acute oral reference dose in humans
(0.04 mL) is extremely small, while the dose equivalent to the animal dermal
LD50 (52.8 mL) is not inconsiderable, so the risk to humans is high.

The acute toxic potential of the ME formulation is significantly lower than the
EC formulations, however, its toxic potential may increase if the active
ingredient is released from capsules during storage.

Repeat dose studies in animals did not reveal a clear hierarchy of inhibition of
plasma, RBC and brain ChE by parathion-methyl.  Brain ChE was significantly
depressed in all studies, in concert with RBC and plasma activities.  Parathion-
methyl is associated with acute neuropathies caused by inhibition of ChE.  In
addition, it induces a dose-related peripheral neuropathy at doses below those
causing ChE depression.  Therefore, health surveillance based on ChE
monitoring will not be sufficient to indicate adequate exposure control.

Several cases of illness/poisoning following short-term and long-term exposure
to parathion-methyl have been reported overseas (refer to Section 3.3 for
details).  It was noted that acute poisoning victims, presumably exposed to
parathion-methyl on a single occasion, demonstrated persistent muscle
weakness and altered electromyography changes indicating impaired
neuromuscular transmission.

MOE were calculated from exposure data using the rat NOEL of 0.02 mg/kg/d,
for the critical health effect of peripheral neuropathy and applying a safety factor
of 100.  Worker health risk was assessed from measured exposure data
including a study conducted in Australian orchards and model data.  Data
enabled consideration of a range of controls including maximum PPE, closed
mixing systems and closed cabs.

Measured worker data for the ME formulation was available from one sample
only (combined mixer/loader/applicator data), hence health risk to applicators
was assumed to be the same as for the EC formulations.

The risk assessment found that the health risk to workers during routine ground
spraying (airblast, electrostatic and boom spraying) of parathion-methyl
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products in all crops was unacceptable, irrespective of the use of closed
mixing/loading, closed cabs and PPE (where applicable).

Standardised mixer/loader and applicator exposure data indicate unacceptable
risk from the use of parathion-methyl in the aerial spraying of cotton using fixed
wing aircraft.

Aerial application of parathion-methyl in vegetables and cruciferous forage
crops showed acceptable risk.  However, data was available for applicators
using fixed wing aircraft only.  Further data is required to determine whether
closed mixing/loading provides an adequate safeguard for mixing/loading
crews.

No data was available to assess hand held uses and greenhouse uses of
parathion-methyl.

The risk assessment indicates unacceptable risk when using parathion-methyl
alone.  The additional risk posed by tank mixing with other anticholinesterase
products is unacceptable.

The current REP for EC parathion-methyl of 2-5 days is inadequate. The REP
for ME parathion-methyl should be longer than for EC parathion-methyl.
Additional worker re-entry data would be required in order to establish a safe
REP for both EC and ME formulations.
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5. OCCUPATIONAL CONTROLS

5.1  Occupational controls

Statement of hazardous nature

Parathion-methyl and all registered end use products are classified as hazardous
substances according to NOHSC criteria.  Hazardous substances are subject to
the workplace controls outlined in the NOHSC Control of Workplace
Hazardous Substances (NOHSC, 1994c).

In the light of the DHFS toxicology review, it is recommended that the NOHSC
Hazardous Substances Sub-Committee reconsider the risk and safety phrases
assigned to parathion-methyl.

Atmospheric monitoring

A NOHSC Exposure Standard exists for parathion-methyl (NOHSC, 1995a).
The Exposure Standard is 0.2 mg/m3 TWA with a “sk” skin notation, indicating
that absorption through the skin may be a significant route of exposure.  A
STEL has not been established for parathion-methyl.

Health surveillance

NOHSC has placed organophosphate pesticides on the Schedule for Health
Surveillance (Schedule 3 Hazardous Substances for which Health Surveillance
is Required).  Guidelines for monitoring organophosphate insecticides have
been endorsed by NOHSC (NOHSC, 1995b).  The employer is responsible for
providing health surveillance which has been established as a result of the
workplace assessment process.

The NOHSC guidelines recommend one, or preferably two pre-exposure tests at
least 3 days apart, to establish baseline ChE activity (an average if two samples
are obtained).  They also recommend that a period of 4 weeks elapse between
last exposure to OP pesticides and testing to establish baseline levels.

The NOHSC guidelines require estimation of RBC and plasma ChE levels.  It is
preferable if testing is carried out in the latter half of the working day when OP
pesticides are used.  If a 20% depression in ChE activity is seen, the worker
should be re-tested.  If ChE levels fall by 40% or more, the worker should be
removed from exposure to OP pesticides until such time as the level returns to
baseline level.
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Parathion-methyl induces a dose-related peripheral neuropathy in animals at
doses below those which cause ChE depression.  Therefore, the current health
surveillance requirements for organophosphates cannot be presumed to provide
an adequate indication of parathion-methyl exposure control.

5.2  Safety directions

The current safety directions for parathion-methyl EC all strengths in the
Handbook of First Aid Instructions and Safety Directions (1996) are as follows.

100 101 very dangerous particularly the concentrate

120, 121, 130, 131,
132, 133

product and spray are poisonous if absorbed by skin
contact, inhaled or swallowed

190 repeated minor exposure may have a cumulative
poisoning effect

210, 211, 212 avoid contact with eyes and skin and clothing

220, 223 do not inhale spray mist

279, 280, 281, 282,
290, 291, 292, 294,
298, 301, 303

when opening the container, preparing the spray, and
using the prepared spray, wear protective waterproof
clothing, cotton overalls buttoned to the neck and
wrist and a washable hat, elbow-length PVC gloves,
impervious footwear and full facepiece respirator
with combined dust and gas cartridge

330, 331, 332 if clothing becomes contaminated with product, or
wet with spray, remove clothing immediately

340, 341, 342 if product or spray on skin, immediately wash area
with soap and water

350 after use and before eating, drinking or smoking,
wash hands, arms and face thoroughly with soap and
water

360, 361, 364, 366 after each day’s use, wash gloves, respirator (and if
rubber wash with detergent and warm water) and
contaminated clothing

373 obtain an emergency supply of atropine tablets 0.6
mg
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Based on the occupational health and safety risk assessment, the specified
protective equipment does not sufficiently control exposure.  However, the
current requirements are the maximum able to be worn.

The risk assessment indicates the protective equipment assigned for the ME
formulation should be consistent with that assigned for the EC formulations.
The ME product label needs to be revised accordingly.

5.2.1  Additional data on gloves

In the supplementary data submitted in October 1997, Colin Campbell
(Chemicals) Pty Ltd indicate that they intend to specify the type of gloves that
should be worn during mixing/loading and spray application.  The gloves
conform to the European Standard for Universal Protection Gloves (Plant
Protection) with the general requirements according to EN 340, resistance to
penetration by water according to prEN 374 Part 3 and resistance to permeation
by chemicals according to prEN 374 Part 5 or BBA-guideline Part 1, 3-3/2.

Conclusion

The options exist to assign specific glove types, should these be efficacious and
readily available to end users.  However, no details were provided on glove
material or the penetration characteristics relevant to Penncap-M.  The price
and availability of these gloves in Australia was not addressed.

5.3  Information provision

Labels

The active ingredient and all registered parathion-methyl products (EC and ME
formulations) are classified as hazardous substances according to NOHSC
criteria.

The labels for technical grade parathion-methyl and EUPs require a reference
to the Material Safety Data Sheet (MSDS) for further information.

MSDS

The active ingredient and all registered EUPs require MSDS in accordance
with the NOHSC Code of Practice (1994d).
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6.  NOHSC CONCLUSIONS

NOHSC has reviewed the current uses of parathion-methyl under the Existing
Chemicals Review Program and makes the following recommendations.

Registration

Conclusion (1) Ground spraying of parathion-methyl (including airblast,
electrostatic and boom spraying) is not supported.

Conclusion (2) Aerial spraying using current practices in cotton, vegetables and
cruciferous forage crops is not supported.  The following would be required in
order to support safe use:

(a) closed mixing/loading only;

(b) application by fixed wing aircraft only;

(c) measured worker exposure data indicating acceptable mixer/loader and
applicator exposure;

(d) use to be part of a recognised Integrated Pest management program,
endorsed by State/Territory departments of agriculture;

(e) human flaggers to be protected by engineering controls, such as cabs
(restriction to go on product labels);

(f) identification and if necessary, strengthening of existing training
requirements in the safe handling of pesticides in aerial spraying operations.

Conclusion (3) Application of parathion-methyl products by handheld
equipment and/or in greenhouses is not supported, unless data is provided for
assessment.

Conclusion (4) An interim, minimum re-entry period of 14 days is to be
specified on labels, pending collection and assessment of suitable re-entry
information, including oxon information.
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Re-entry period

Do not allow entry for 14 days after treatment.  If bug checking or
exceptional circumstances require prior entry, limit duration of entry and
wear cotton overalls buttoned to the neck and wrist and elbow-length
PVC gloves.  Clothing must be laundered after each day’s use.

Hand weeders:
Do not allow entry into treated areas for 14 days after treatment.  After
this period, wear shoes, or boots, socks, long trousers, long sleeved shirt,
gloves and hat.

Conclusion (5) Tank mixing with other anticholinesterase products to be
prohibited.

Other

Conclusion (6) All registrants formulating parathion-methyl products in
Australia need to label technical grade parathion-methyl and produce a material
safety data sheet, in accordance with the hazardous substances regulations.

Conclusion (7) All registrants of current parathion-methyl products need to
produce a product material safety data sheet.

Conclusion (8) The current entry for parathion-methyl ME 240 g/L or less in the
Handbook of First Aid Instructions and Safety Directions (1996) needs to be
revised.

Conclusion (9) The following controls must operate within any phase out period
proposed for parathion-methyl products.

(a) essential uses only;

(b) application at minimum efficacious rates and maximum efficacious spray
intervals only (to be specified on labels);

(c) closed mixing/loading only;

(d) closed cabs for all ground spraying (to be specified on product labels);

(e) a minimum re-entry period of 14 days (to be specified on labels);

(f) prohibition of tank mixing with other anticholinesterase products;

(g) use to be part of a recognised Integrated Pest Management program,
endorsed by State/Territory departments of agriculture; and
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(h) where State/Territory regulations allow, access to parathion-methyl products
to be restricted to users who have undertaken the Farm Chemical Users Course.
Other States/Territories are encouraged to consider implementing similar
systems.
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NOHSC
OCCUPATIONAL HEALTH AND SAFETY ASSESSMENT

ATTACHMENTS

NAME OF PRODUCTS: Folidol M500 Insecticide Spray
Cheminova Parathion-methyl 500 EC
Insecticide
Crop Care Parathion-methyl 500 Insecticide
Farmoz Parathion-Methyl 500 Insecticide
Campbell Penncap-M Flowable
Microencapsulated Insecticide

ACTIVE INGREDIENT: Parathion-methyl

NAME OF APPLICANTS: Bayer Australia Ltd
Cheminova Australia Pty Ltd
Crop Care Australasia Pty Ltd
Farmoz Pty Ltd
Colin Campbell (Chemicals) Pty Ltd

NOHSC FILE NO: 96/228 - 96/231

NRA FILE NO: G00203/3

ATTACHMENT A Exposure calculations
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ATACHMENT A
EXPOSURE CALCULATIONS

Actual (skin) exposure taken as 10% of potential exposure (on clothing) when one layer
of clothing and 1% of potential exposure when two layers, eg overalls plus waterproof
covering.

When dermal exposure reported as mg/d

dose  (mg/kg/d)  =  mg/d  x  % dermal absorption
60  x  100

When dermal exposure reported as µg/ kg ai or mg/ kg ai handled

actual exposure  (mg/kg/d)  =  mg/ kg ai handled  x  kg ai handled/ day
60

dose  (mg/kg/d)  =  actual exposure  x  % dermal absorption/100

   =  mg/ kg ai handled  x  kg ai handled/ day  x  % dermal absorption
60  x  100

When dermal exposure reported as mg/cm2/h

For an 8-hour day,
actual exposure  (mg/kg/d)  =  mg/cm2/h  x  8  x  skin surface area (cm2)

60

dose  (mg/kg/d)  =  mg/cm2/h  x  8  x  skin surface area (cm2)  x  % dermal absorption
60  x  100

When dermal exposure reported as µg/cm2/ kg ai handled or mg/cm2/ kg ai handled

actual exposure (mg/kg/d)  =  mg/cm2/ kg ai handled  x  kg ai handled/ day  x  skin area (cm2)
60

dose (mg/kg/d)  =  mg/ kg ai handled  x  kg ai handled/ day  x  area (cm2)  x  % derm. abs.
60  x  100

When inhalation exposure reported as mg/d and is compared with NOHSC TWA

dose  (mg/m3)  =  mg  x  1000
29 x duration of exposure


