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FOREWORD 

The Australian Pesticides & Veterinary Medicines Authority (APVMA) is an independent statutory 

authority with responsibility for the regulation of agricultural and veterinary chemicals in Australia. Its 

statutory powers are provided in the Agricultural and Veterinary Chemicals (Administration) Act 1992 

(Administration Act) and the Agricultural and Veterinary Chemicals Code Act 1994 (Agvet Codes). 

The APVMA can reconsider the approval of an active constituent, the registration of a chemical product 

or the approval of a label for a container for a chemical product at any time. This is outlined in Part 2, 

Division 4 of the Agvet Codes. 

A reconsideration may be initiated when new research or evidence has raised concerns about the use 

or safety of a particular chemical, a product containing that chemical, or its label. 

The reconsideration process includes a call for information from a variety of sources, a review of that 

information and, following public consultation, a decision about the future use of the chemical or 

product. The information and technical data required by the APVMA to review the safety of both new 

and existing chemical products must be derived according to accepted scientific principles, as must the 

methods of assessment undertaken. 

In undertaking reconsiderations (hereafter referred to as reviews), the APVMA works in close 

cooperation with advisory agencies including the Office of Chemical Safety within the Department of 

Health and Ageing, the Department of Sustainability, Environment, Water, Population and Communities 

(DSEWPaC), and state and territory departments of agriculture, as well as other expert advisers as 

appropriate. 

The APVMA has a policy of encouraging openness and transparency in its activities and community 

involvement in decision-making. The publication of review reports is a part of that process. 

The APVMA also makes these reports available to the regulatory agencies of other countries as part of 

bilateral agreements. The APVMA recommends that countries receiving these reports will not utilise 

them for registration purposes unless they are also provided with the raw data from the relevant 

applicant. 

The basis for the current reconsideration is whether the APVMA is satisfied that continued use of the 

active constituent parathion-methyl and products containing parathion-methyl in accordance with the 

instructions for their use: 

 would not be an undue hazard to the safety of people exposed to it during its handling 

 would not be likely to have an effect that is harmful to human beings 
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 would not be likely to have an unintended effect that is harmful to animals, plants or things or to the 

environment 

 would not unduly prejudice trade or commerce between Australia and places outside Australia. 

The APVMA also considered whether product labels carry adequate instructions and warning 

statements. 

This document is ‘The reconsideration of approvals of the active parathion-methyl, registrations of 

products containing parathion-methyl and their associated labels, final review report’. It relates to all 

products containing parathion-methyl that were nominated for review by the APVMA as well as those 

registered after the commencement of the review, whose registration is subject to the outcomes of the 

review.  
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EXECUTIVE SUMMARY 

Parathion-methyl is an organophosphate pesticide that has been in use in Australia and other countries 

for more than 40 years. Similar to other organophosphate pesticides, parathion-methyl is an 

anticholinesterase compound, and this accounts for the insecticidal activity as well as the human 

hazard associated with exposure. 

In 1996 the APVMA (formerly the National Registration Authority) began a review of parathion-methyl 

as part of the former Existing Chemical Review Program. Parathion-methyl was nominated for review 

because of concerns over worker health and safety, and the potential for adverse environmental effects, 

including its high toxicity to bees. 

In July 1998 the APVMA released the Parathion-methyl Draft Review Report for public comment. The 

draft report highlighted significant concerns relating to the existing use patterns for parathion-methyl, 

which had the potential to pose a high level of occupational exposure risk and have adverse 

environmental impacts.  

The APVMA noted there were significant gaps in the existing data (toxicology, occupational health and 

safety, residues and environment), and more information would be required before the use of parathion-

methyl in Australia could be confirmed. 

In March 1999, the APVMA released the Parathion-methyl Interim Review Report, which also 

concluded that there remained concerns over some existing use patterns for parathion-methyl and that 

more information was required. 

The APVMA found that the direct overspray or spray drift from the aerial application of parathion-methyl 

had the potential to adversely affect bees and native terrestrial insects, as well as sensitive aquatic 

fauna. The APVMA also found that the risk to agricultural workers during ground spraying of parathion-

methyl was unacceptable. 

At this time the APVMA implemented an ‘interim-use regime’ for all parathion-methyl products. This was 

designed to reduce or eliminate the potential risks from continued use while the additional data relating 

to human health, occupational health and safety, residues, environment and aquatic toxicity were being 

generated and evaluated. As of 31 December 1999, parathion-methyl products could be supplied only 

under the new label containing the interim changes (refer to section 1.5). 

Since the interim report, the use of parathion-methyl has declined. Registrants report that parathion-

methyl products are used for the control of codling moth, aphids, thrips, looper, scale and oriental fruit 

moth and, to a lesser extent, mealy bug in pome and stone fruit. Parathion-methyl is predominantly 

used on pears and apples. Registrants have advised that there is no use on citrus and minimal use on 

grapevines. 
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The assessment of the additional information has now been completed. This report provides a brief 

background to the review and details of the recent assessments. 

Given that the registration of all parathion-methyl products and approval of all parathion-methyl active 

constituents have been voluntarily cancelled, the review of parathion-methyl has been stopped. 

Should registration or approval of parathion-methyl be sought in the future, the data gaps identified 

within this report would need to be addressed. 

Review findings 

Toxicological assessment 

The data requirements, as outlined in the interim report in (APVMA, 1999), were for the provision of a 

13-week dermal neurotoxicity study in rats. This study was designed to establish whether subchronic 

dermal exposure to parathion-methyl induced signs of neurotoxicity. The study was also considered 

essential for providing appropriate advice in relation to occupational health and safety matters. 

The toxicological database for parathion-methyl is extensive, resulting from the large number of studies 

submitted for the initial Existing Chemical Review Program (ECRP) review and now the supplementary 

information. These additions to the database have enabled a re-examination of the dermal absorption, 

neurotoxicity and regulatory standards for methyl parathion.  

The toxicological assessment was able to determine suitable endpoints for further consideration as part 

of the occupational health and safety assessment. A reference dose of 0.0003 mg/kg/day was 

determined. 

The continued approval of the active constituent and registration of parathion-methyl products from a 

toxicological perspective were supported.   

Occupational health and safety assessment 

The National Occupational Health and Safety Commission (NOHSC) undertook the original 

occupational health and safety (OHS) assessment for parathion-methyl. Based on the available data at 

the time of review, concerns were raised regarding exposure for workers to parathion-methyl during 

certain end-use and re-entry activities. 

Following the interim report, the registrant (Cheminova) submitted a number of biomonitoring studies 

estimating worker exposure to parathion-methyl during mixing/loading for ground and aerial application 

(using open and closed mixing/loading system), application by boom sprayer and during hand 

harvesting and cotton scouting and when re-entering areas treated with these products. Dislodgeable 
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foliar residue (DRF) studies were also conducted for apple, sweet corn and cotton crops to enable the 

establishment of re-entry periods for different crops after treatment with parathion-methyl. 

Following consideration of the supplementary data, the Office of Chemical Safety (OCS) is unable to 

recommend any variation to the label instructions: there is no variation that would reduce worker 

exposure to acceptable levels. The OCS recommends that APVMA NOT be satisfied that continued use 

of products containing parathion-methyl in emulsifiable concentrate (EC) or microencapsulated (ME) 

formulations in accordance with current label instructions would NOT be an undue hazard to the safety 

of workers. Should registration of parathion-methyl products be sought in the future, the outstanding 

OHS concerns identified in this report would need to be addressed. 

Residues assessment 

The assessment of residues was based primarily on overseas data. Sufficient data was available to set 

a series of temporary maximum residue limits (MRLs) and two full MRLs (which were set at or about the 

limit of analytical quantitation), subject to a requirement that Australian confirmatory trial data be 

produced. Most MRLs were therefore declared temporary and effective until 31 December 2000, 

subject to the submission of confirmatory Australian trial data for evaluation. 

The assessment of the additional information is not complete. Given that the completed OHS 

assessment cannot recommend the continued registration of parathion-methyl products, completion of 

the residues assessment is not necessary. Should registration of parathion-methyl products be sought 

in the future residue implications of use would need to be addressed. 

Environmental assessment 

The interim report identified the need for environmental toxicity data relevant to Australian aquatic 

invertebrate species. In addition, where low-volume application equipment was used, information on the 

actual application rates, dilutions needed for each crop, droplet size and potential spray drift from this 

equipment was required for assessment. 

The main concerns arising from the environmental assessment were that parathion-methyl is hazardous 

to sensitive aquatic invertebrates and bees. Application practices that can result in direct overspray or 

spray drift have a potential for significantly affecting bees, and by implication, native terrestrial insects, 

as well as sensitive aquatic fauna. These concerns therefore need to be addressed. 

Although this assessment identified that the potential for off-target movement of the chemical was found 

to be limited for certain crops when using certain types of ground-based application equipment, 

additional information is required in a number of areas to allow for clarification in regards to some 

issues. This information has yet to be requested by the APVMA from registrants. Given that the 

completed OHS assessment cannot recommend the continued registration of parathion-methyl 

products, completion of the residues assessment is not necessary. Should registration of parathion-

methyl products be sought in the future environmental implications of use would need to be addressed. 
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Review status 

The review of parathion-methyl has been stopped because the registration of all parathion-methyl 

products and approval of all parathion-methyl active constituents have been voluntarily cancelled. 

Should registration or approval of parathion-methyl be sought in the future, the data gaps identified 

within this report would need to be addressed. 
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1. INTRODUCTION 

The APVMA has reviewed the approval of the active constituent parathion-methyl, registered products 

containing parathion-methyl, and the associated label approvals for products containing parathion-

methyl. This document summarises the data evaluated and the recommendations from the review. 

1.1 Regulatory status of parathion-methyl in Australia 

Parathion-methyl was developed in the late 1940s. It was first registered in Australia for control of 

various insect pests in cotton, pome and stone fruit, vegetable crops, tomatoes, beans, potatoes, 

tobacco and clover seed crops. It is a non-systemic insecticide and acaricide with contact, stomach, 

and some respiratory action. It is used to control chewing and sucking insects, and mites in a wide 

range of crops as listed on product labels (see Table 1).  

Table 1: Crops on which parathion-methyl is used 

CITRUS STONE FRUIT VEGETABLE CROPS TOMATOES 

Curcurbits Beans Clover seed crops Capsicums 

Egg fruit Potatoes Peas Cruciferous forage crops 

Apples Tobacco Carrots Cotton 

Pears Grapevines Pome Fruit  

In 1990–91, clearance was granted for the TGAC parathion-methyl and it was classified as Schedule 7 

in the Standard for the Uniform Scheduling of Drugs and Poisons (SUSDP). A microencapsulated (ME) 

formulation was approved in the late 1970’s. This form of parathion-methyl was placed in Schedule 6 of 

the SUSDP primarily because of its lower acute toxicity. 

In Australia, there is currently one TGAC approval and four product registrations for parathion-methyl 

formulated as either EC (two registrations) or ME formulations (two registrations). Two of these 

products were included in the review with the other two registered after the commencement of the 

review (indicated by * in Table 2). The registration of the ME products are subject to the outcomes of 

the review. 



 1. INTRODUCTION 2 

 

 

 

Table 2: Products affected by review findings 

NCRIS PRODUCT NAME REGISTRANT LABEL APPROVAL NUMBER 

40500 Campbell Penncap-M Flowable 

Microencapsulated Insecticide 

Colin Campbell 

(Chemicals) Pty Ltd 

40500/0899 

40500/1203 

40500/0710 

39719 Farmoz Parathion-methyl 500 

insecticide 

Farmoz Pty Limited 39719/0206 

39719/0809 

39719/0899 

47674* Parashoot CS Insecticide Ospray Pty Ltd 47674/0606 

47674/0999 

48441* Parashoot 500 EC Insecticide Ospray Pty Ltd 48441/0110 

48441/0306 

0899 

1.2 Reasons for parathion-methyl review 

Parathion-methyl was selected for review after scoring highly against the agreed selection criteria for 

public health, OHS, and environment. The concerns over the chemical were: 

 it’s very high toxicity to bees 

 its association with worker poisonings overseas, during end use and upon re-entry 

 high worker exposure scenarios 

 high potential acute and chronic toxicity risk. 

Whilst the selection process ranked parathion-methyl highly due to certain issues, the review was not 

confined only to those issues. The review covered all aspects of the conditions of registration and 

approval of parathion-methyl.  

1.3 Scope of the review 

The scope of this review considered the reasons for the nomination of parathion-methyl, the information 

already available on this chemical and the ways that it is approved for use in Australia. 
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The basis for a reconsideration of the registration and approvals for a chemical is whether the APVMA 

is satisfied that the requirements prescribed by the Agvet Codes for continued registration and approval 

are being met. In the case of parathion-methyl, these requirements are that the use of the product in 

accordance with the instructions for its use: 

 would not be an undue hazard to the safety of people exposed to it during its handling  

 would not be likely to have an effect that is harmful to human beings 

 would not be likely to have an unintended effect that is harmful to animals, plants or things or to the 

environment, and  

 would not unduly prejudice trade or commerce between Australia and places outside Australia. 

The APVMA also considered whether product labels carry adequate instructions and warning 

statements. Such instructions include: 

 the circumstances in which the product should be used 

 how the product should be used 

 times when the product should be used 

 frequency of the use of the product 

 the withholding period after the use of the product 

 disposal of the product and its container 

 safe handling of the product. 

The APVMA reviewed the toxicological, OHS, environmental and residue conditions of registration and 

approval for parathion-methyl. 

1.4 Regulatory options 

There can be three possible outcomes from the reconsideration of the active constituent parathion-

methyl, registration of products containing parathion-methyl and all associated label approvals. Based 

on the information reviewed the APVMA may be: 

 satisfied that the products and their labels continue to meet the prescribed requirements for 

registration and approval and therefore affirms the registrations and approvals 

 satisfied that the conditions to which the registration or approval is currently subject can be varied in 

such a way that the requirements for continued registration and approval will be complied with and 

therefore varies the conditions of registration or approval 
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 not satisfied that the requirements for continued registration and approval continue to be met and 

suspends or cancels the registration and/or approval. 

1.5 Interim use regime 

In March 1999 the APVMA released the Parathion-methyl Interim Review Report. In this report, the 

APVMA concluded that there were concerns over some existing use patterns for parathion-methyl and 

that more information was required. 

The following data were requested: 

 Human health: 

 a three-month dermal toxicity study of parathion-methyl  

 Occupational health and safety 

 for ME formulations—percutaneous absorption data  

 for all formulations—measured worker exposure data for mixers/loaders and applicators are 

required for assessment 

 worker re-entry exposure data for both thion and oxon residues are required to set a final re-

entry period for parathion-methyl. 

 Residues: 

 Australian confirmatory trial data (and animal transfer studies where relevant) are required to 

set MRLs for any uses remaining on the label. 

 Environment: 

 environmental toxicity data relevant to Australian aquatic invertebrate species 

 where low-volume application equipment is used, information on the actual application rates, 

dilutions needed for each crop, droplet size and potential spray drift from this equipment, is 

required for assessment 

 data are required on the environmental (representative data on toxicity to aquatic invertebrate), 

occupational health, public health and residue effects of tank mixing parathion-methyl with other 

anticholinesterase compounds. Tank mixing will be allowed in the interim period subject to the 

provision of above data within agreed time frames. 

The APVMA found that the direct overspray or spray drift from the aerial application of parathion-methyl 

had the potential to adversely affect bees and native terrestrial insects, as well as sensitive aquatic 

fauna. The APVMA also found that the risk to agricultural workers during ground spraying of parathion-

methyl was unacceptable. 
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Due to the concerns raised in the interim report, the APVMA decided that the existing conditions of 

registration for products containing parathion-methyl were no longer appropriate. The APVMA decided 

to make changes to the conditions of registration of parathion-methyl products so that the use of these 

products in Australia could continue. 

The APVMA implemented an ‘interim-use regime’ to reduce or eliminate the potential risk to workers 

and to the environment while the additional data relating to human health, OHS, residues, environment 

and aquatic toxicity were being generated. As of 31 December 1999, parathion-methyl products could 

be supplied only under the new label containing the interim changes. 

The APVMA recommended the following interim-use regime: 

 strengthening training and supply requirements—the APVMA recommended that a person using, 

keeping or disposing of parathion-methyl products should have successfully completed an 

appropriate course of training  

 varying product labels to include stronger safety directions and occupational exposure warnings 

with respect to worker re-entry periods in treated crops  

 varying product labels to include stronger warnings to protect the environment, such as use 

restraints and new instructions for disposal  

 strengthening buffer zones and use patterns to minimise spray drift—aerial application must use 

suitable spray drift minimisation strategies, such as large droplet placement technology, to limit 

environmental exposure  

 strengthening withholding periods to 14 days for harvest and 14 days for grazing  

 setting full MRLs for potato and sweet corn and temporary MRLs for vegetables, grapes, pome and 

stone fruits, meat, milk, cottonseed, cottonseed oil and animal feeds. These MRLs remain in force 

during the interim-use regime. 



 2. APPROVED PARATHION-METHYL USE PATTERNS 6 

 

 

 

2. APPROVED PARATHION-METHYL USE PATTERNS 

2.1 Use patterns at the commencement of the review 

At the commencement of the review, an examination of performance questionnaires for parathion-

methyl completed by growers, commodity organisations, state departments of agriculture and 

registrants indicates that the inclusion of this chemical in Integrated Pest Management (IPM) programs 

for pears is one of the most significant developments in its use since it was first introduced. Growers, 

supported by the Northern Victoria Fruit Growers Association, advise that these programs have reduced 

chemical usage by up to 60 per cent (%) in the Goulburn Valley in Victoria, which produces 87% of 

Australia’s pears. This use is seen as important by the Victorian Department of Agriculture. The NSW 

Farmers’ Association in their original submission to the review also indicated that parathion-methyl is a 

key chemical in IPM programs for stone fruit. 

Major pests that are targets for IPM programs are light brown apple moth, codling moth, longtailed 

mealybug and oriental fruit moth. 

However, there appears to be a lack of clarity regarding the relative importance of parathion-methyl and 

parathion (parathion-ethyl) in relation to these programs. Some growers appear to use the chemicals 

interchangeably, while others believe that parathion is more suitable than parathion-methyl and vice 

versa. Some concerns have also been expressed regarding the suitability of the ME form of parathion-

methyl as a substitute for the EC forms of parathion in IPM programs. There is anecdotal evidence to 

suggest that the ME form may have a longer residual life than the EC formulations and may therefore 

have an enhanced effect on predator populations. This could reduce its usefulness in IPM programs. 

In IPM programs, parathion sprays (either parathion or parathion-methyl) are used only when crop 

monitoring for pests indicates that pest numbers have reached a level that cannot be controlled by 

predators. Parathion is then applied as a knock-down spray to re-establish the pest–predator balance. 

In this way, the number of parathion sprays has been considerably reduced, often by more than 50%. 

From the performance questionnaires returned it has been ascertained that parathion is used for this 

purpose because it does not have the level of adverse effects on predators that other chemicals have, 

and it has a comparatively short residual activity.  

It is commented that parathion-methyl is recommended at a significantly higher rate than that for 

parathion to control the same pests. This has implications for the relative costs associated with the two 

chemicals, since the concentrates are similarly priced. 

Another significant development is that many orchardists are now using low-volume (in some cases 

electrostatic ultra low volume) equipment to apply parathion-methyl, whereas original rates of use in 

orchard crops (and possibly MRL determinations) were based on high volume application methods. 
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The main difficulty posed by this development stems from the fact that there are no directions on the 

label in relation to the amount of water which should be used in high volume applications to the various 

crops specified on the labels. In relation to pome and stone fruit orchards, most estimates of spray 

volume fall between 1500–3000 L/ha. Thus, amounts of chemical between 300 and 1500 g active 

ingredient/ha could be applied during a high volume application (minimum rate of 40 mL/100 L; 

maximum rate of 100 mL/100 L). Growers are then taking these rates and applying them in a markedly 

reduced volume of water. Volumes of water applied during low-volume application vary between 180–

500 L/ha. Where electrostatic sprayers are used, volumes between 50 and 80 L/ha are applied. 

In a high volume operation, there is a loss of chemical because of run-off (up to 50% according to some 

estimates). In a low-volume spraying operation, the reduction in run-off (almost to non-existence in 

some cases) and better efficiency of equipment mean that there is a better rate of deposition of spray 

onto the target. It is therefore apparent that rates of use could be examined both in terms of 

standardisation and to reduce the amount of chemical applied per hectare. 

This could be achieved by reducing the rates of application of current products. Alternatively, in 

consultation with the registrant chemical companies, it may be possible to produce formulations of 

parathion-methyl that could be used at lower rates of use or that contain a lower concentration of 

parathion-methyl. 

Growers who were surveyed indicate that, in the IPM programs, sprays are applied only as a result of 

orchard monitoring, often by professional crop monitoring services, for pest pressure. In fact, there is 

evidence to suggest that even growers who do not plan to use a full IPM program apply sprays in 

response to pest monitoring. They further indicate that when sprays are applied, they are applied 

according to the current label directions. 

Another use of parathion-methyl that has been highlighted by NSW Department of Indsutry and 

Investment is its place in resistance management strategies in cotton. NSW Agriculture considers this 

chemical essential for control of resistant Helicoverpa armigera in cotton, but acknowledges that there 

are alternatives for cotton aphids. It is recommended by NSW Agriculture in mixtures with other 

heliothicides for this purpose. It is considered that this chemical will continue to be required in cotton 

despite the introduction of transgenic cottons since there will still be a need in some situations in the 

non-transgenic refuge crops. It is also under consideration, in its ME form, for inclusion in spray 

programs for codling moth control in that state. 

The Queensland Department of Primary Industries advised that, although approval for use of this 

chemical for control of heliothis in navy beans was sought and obtained for the 1995–96 season, the 

efficacy of the chemical and thus its further usefulness is questioned. As in New South Wales, it is 

commonly used in tank mixes in cotton for aphid control because it is considered to be cheap and 

effective; however, more effective alternative chemicals (for example, dimethoate, pirimicarb) are 

available. At higher rates growers use it as a ‘flushing agent’ for entrenched Helicoverpa. The 

Queensland Department of Primary Industries advises that it’s the effectiveness of parathion-methyl 

effectiveness against Helicoverpa is limited in that state. There is some use of parathion-methyl in 
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tomatoes to control aphids and green vegetable bug, but alternative chemicals are available and the 

industry is developing IPM strategies. 

The South Australian Department of Agriculture advised that this chemical was considered essential for 

citrus production in South Australia. The South Australian Research and Development Institute (SARDI) 

also advised that parathion-methyl is the only insecticide registered in two minor use situations: clover 

seed moth in strawberry and white clover seed crops, and Etiella moth in lucerne seed crops. It is also 

the only chemical used (off-label use) to control lucerne seed wasps in seed lucerne crops. 

It is important to note that this chemical is regularly applied by air in broadacre crops such as cotton 

and, in some cases, in crops such as tomatoes and brassica forage crops. 

2.2 Current use patterns (2011) 

Since the commencement of the review, the use of parathion-methyl has changed radically as a result 

of regulatory action. While the labels for parathion-methyl products contain a long list of recommended 

uses, registrants report that the main usage is restricted to apples and pears. 

Parathion-methyl products are used in the control of codling moth, aphids, thrips, looper, scale and 

oriental fruit moth and to a lesser extent mealy bug in pome stone fruit. Pears are the main crop and to 

a lesser extent apples. Registrants have advised that there is no use on citrus and minimal use on 

grapevines.  

Apples and pears flower in spring, and fruit matures in the following autumn and winter. Codling moth 

eggs hatch and the larvae emerge as flowering finishes, and the insecticide is generally applied at petal 

fall with four to six sprays at 14-day intervals.  

The use of parathion-methyl in apple and pear orchards has been reduced in favour of other products, 

but it still remains an important option for growers as an alternative insecticide for resistance 

management in modern programs where the use of other chemistry is restricted.  

Registrants report that the production of certain crops such as Williams and Packham pears in the 

Goulburn Valley relies on the ability of a relatively cheap insecticide to control codling moth. 

Parathion-methyl is reported to be ‘soft’ on predatory mites and therefore is attractive in resistance 

management programs. It is also a very cost-effective chemical. 

The main areas of use of parathion-methyl are reported by registrants to be the Goulburn Valley in 

Victoria, the Orange and Batlow regions in New South Wales, the Adelaide Hills in South Australia, and 

the Stanthorpe region in Queensland. 
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Table 3: Active constituent information  

COMMON NAME: PARATHION-METHYL 

Structural formula 

 

Purity 95% minimum parathion-methyl 

Microcontaminants The impurity for O,O,O,O-tetramethyl thiodiphosphate (methyl analogue of sulfotep) 

is 1.5% maximum. It is considered that other compounds of toxicological significance 

(N-nitrosamines, halogenated dibenzo-pi-dioxins or halogenated dibenzofurans and 

PCBs) are not expected in parathion-methyl TGAC due to the raw materials and 

synthetic chemistry route used. 

Empirical formula C8H10NO5PS 

Molecular weight 263.21 

S

P

CH3O O

CH3O

NO2
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3. DATA ASSESSMENTS 

The following assessments (toxicology, OHS, environment) have considered data presented to the 

APVMA in response to the interim report. The full assessments are contained in the appendices to this 

report. Although previous assessments have been briefly summarised in the assessment areas below, 

the full details of these earlier assessments have not been included and can be found in the interim 

report. 

3.1 Toxicology 

3.1.1 Consideration of public health standards 

The Acceptable Daily Intake (ADI) for parathion-methyl was revised to 0.0002 mg/kg bw/day at the 6
th
 

meeting of the Advisory Committee on Pesticides and Health (ACPH), based on the no observable 

effects level (NOEL) for neuropathological effects of 0.02 mg/kg bw/day in a 12-month dietary study in 

rats (Daly 1992) and applying a 100-fold safety factor. At the 13
th
 ACPH meeting the committee 

considered a proposal to amend the ADI for parathion-methyl to 0.00002 mg/kg bw/day, using a lowest 

observed effect level (LOEL) of 0.02 mg/kg bw/day for neuropathological effects seen at the lowest 

dose tested in a two-year dietary study in rats, and applying a 1000-fold safety factor. The committee 

felt that it could not be established with confidence that the lowest dose level tested (0.02 mg/kg 

bw/day) represented a LOEL or NOEL for the neuropathological effects. This was because there were 

deficiencies in the study design; in particular, there were insufficient numbers of animals in the 

treatment group. The committee also believed that no clear dose-response relationship could be 

demonstrated and recommended that the existing ADI for parathion-methyl of 0.0002 mg/kg/day be 

retained. The 14
th
 ACPH meeting undertook a reassessment of the neuropathy data for parathion-

methyl and re-affirmed the current ADI of 0.0002 mg/kg/day based on a NOEL of 0.02 mg/kg/day for 

neuropathological effects in the 12-month rat dietary study.  

During the course of the ECRP review of parathion-methyl, the then Therapeutic Goods Administration 

(TGA) established an Acute Reference Dose (ARfD) to reflect safe and acceptable exposure from a 

single or short exposure to parathion-methyl. A published study in humans reported a NOEL of 0.3 

mg/kg bw/day based on red blood cell (RBC) cholinesterase (ChE) inhibition following short-term repeat 

oral (PO) dosing (Rider et al. 1971). An ARfD of 0.03 mg/kg/day was derived from the NOEL using a 

10-fold safety factor. This was supported by a four-week mouse study (Daly 1979), where an ARfD of 

0.04 mg/kg bw/day can be derived from the NOEL of 3.75 mg/kg/day and using a 100-fold safety factor.  

The ACPH acknowledged that oral or dietary studies were not the most appropriate study type to use to 

form the basis of occupational exposure risk assessments, but indicated that in the absence of 

appropriate studies (such as short-term dermal and inhalational studies), the NOEL established for 

short-term or chronic dietary exposures was commonly used. In view of these neuropathy concerns, 

and the use by the NOHSC of a chronic oral toxicity endpoint in setting OHS exposure standards, it was 

agreed that further data would be generated and submitted, including a three-month dermal toxicity 

study to provide data using a route more appropriate to OHS exposure in agriculture. 
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3.1.2 Consideration of additional information  

The sponsor provided four studies of the toxicology of parathion-methyl, which were evaluated in 

March, 2000. These studies were: a 13-week dermal study in rats (Beyrouty 1999a,1999b); a five-day 

dermal study in rats (Weiler 1999a; Gains 1999a); an acute dietary neurotoxicity study in rats (Weiler 

1999b; Gains 1999b); and a one year oral (dietary) toxicity study in dogs (Hatch 1998). The 13-week 

dermal study was submitted in response to the aforementioned data requirements arising from the NRA 

review of parathion-methyl. The five-day dermal and the acute oral neurotoxicity studies were 

performed at the request of the United States Environmental Protection Agency (US EPA), and the 

ocular toxicity study in dogs was performed at the request of the Californian Department of Pesticide 

Regulation (CDPR). 

 In the 13-week dermal neurotoxicity study, parathion-methyl was administered at dose levels of 0, 

1.2, 3.8, and 11.9 mg/kg (0, 2.5, 8 and 25 mg/kg/day of the 50% formulation), with some rats 

assigned to a recovery group. Mortality and clinical signs were limited and restricted to the high 

dose. There were no statistically significant dose-related findings from the functional observation 

battery (FOB), and cholinesterase activity was significantly inhibited in all compartments (plasma, 

RBC, brain) at all dose levels. Histopathology revealed no significant neuropathological effects that 

could be attributed to treatment. The LOEL for cholinesterase inhibition was 1.2 mg/kg/d; a NOEL 

for other effects including neurotoxicity was considered to be 3.8 mg/kg/day based on deaths, 

clinical signs and biologically significant FOB abnormalities seen at 11.9 mg/kg/d. (Beyrouty 1999a; 

Beyrouty 1999b). The sponsor suggested that on the basis of this study the ‘NRA amend the 

reference dose for worker risk assessment to 0.1 (or 0.12) mg/kg bw/day, applying a 10-fold safety 

factor to the LOEL’. 

 The 13-week dermal neurotoxicity study in rats provided no evidence that short-term, repeat-dose 

dermal exposure below an acutely toxic threshold induced observable neurobehavioural or 

neuropathological changes, despite there being significant cholinesterase inhibition at all doses. 

Based on these animal findings, the TGA believes that properly conducted worker exposure studies 

can be carried out without excessive risk to the participants;  

 The one-year oral (dietary) toxicity study in dogs was designed to define an effect level for dietary 

parathion-methyl and also in part, to replicate a 13-week dog dietary study in which equivocal ocular 

findings were reported. Ocular toxicity has been seen in subchronic studies in dogs exposed to 

some other organophosphates, and in chronic studies with parathion-methyl in rats, although the 

latter findings were possibly related to acceleration of normal age-related pathology. It is noted that 

the lack of treatment-related ocular toxicity findings in the submitted one-year dog study does not 

fully address the question of the effects of long-term exposure, which cannot reasonably be 

simulated in such a short-term study. However, the TGA has previously considered the weight of 

evidence for this issue and concluded that parathion-methyl is unlikely to induce ocular toxicity; this 

one-year dog study supports that conclusion. 

 Previously reviewed studies support a view that ME formulations of parathion-methyl have a lower 

acute dermal toxicity potential than other similar formulations containing parathion-methyl. The new 

five-day dermal neurotoxicity study adds to the database on the toxicity profile of ME formulations, 

but suggests that the rate of release of parathion-methyl from the micro-capsules is variable and 

highly dependent on ambient conditions. Additionally there are generally still inadequate data on 

skin absorption of all formulations of parathion-methyl. It is noted that the draft regulatory 
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requirements arising from the NRA review of parathion-methyl included a request for the sponsor to 

perform and submit satisfactory studies of percutaneous absorption for the ME formulations. 

Information on the progress of these studies should be provided to the NRA. 

 An acute neurotoxicity study (Weiler 1999b; Gains 1999b), requested by the US EPA and 

performed to an approved but not yet validated protocol, has been presented in this submission of 

supplementary data. This study requires further data analysis by the sponsor as the current 

presentation of the data was not adequate for regulatory purposes. As stated in the TGA evaluation, 

uneven consumption of test diets severely confounded the experimental design. It is considered by 

the TGA that the inclusion of values from animals not exposed to the test substance was invalid and 

had an impact on the interpretation of the study results. The sponsor should be requested to 

reanalyse all the cholinesterase activity data and present it graphically and in tabular form as 

‘Cholinesterase activity vs achieved dose’.  

Additional supplementary data were subsequently provided: a four-week dermal toxicity study in rats 

(Beyrouty 2001) performed at the request of the US EPA; additional information for a previously 

submitted acute dietary neurotoxicity study (Weiler 1999b; Gains 1999b) that had been requested by 

TGA after the previous evaluation had identified substantial deficits in the original data provided by the 

sponsor; and two re-evaluations of the pathology findings in a 12-month toxicity study of the TGAC in 

rats (Daly 1992b and Brennecke 1996), one performed by O’Shaughnessy (2000) and one by Jortner 

(2001). The sponsor has provided these pathology re-evaluations with the request that the data be used 

to re-evaluate the conclusions of the Daly (1992) study. The sponsors ‘sincerely and firmly believe that 

the original evaluation conducted by Dr. Beverly Cockrell was seriously in error’, and further that: 

The new evaluation is therefore not simply a ‘second opinion’ on the interpretation of the 

slides, but rather a correction of this error. It is a more comprehensive and authoritative re-

evaluation that would supersede both the original examination and Dr. Brennecke’s work. 

Regardless of any potential regulatory outcome of this, Cheminova believed it was ethically 

necessary to report the correction in the light of the best possible science. 

In a dermal neurotoxicity study, rats were treated with parathion-methyl by application to a shaved area 

of the dorsum for four weeks at 0, 0.3, 1, 2.2 and 5 mg/kg/day. Bodyweight gain and food consumption 

were unaffected by treatment. There were no treatment-related deaths, clinical signs or changes in FOB 

tests. There was no dermal irritation at the treatment site. Cholinesterase activity was clearly inhibited in 

a dose-related manner in all compartments and was slow to recover, particularly in the brain. Plasma 

cholinesterase levels were maximally inhibited at day 5, with some adaption seen at the two highest 

doses by day 28, and nearly full recovery four weeks after dosing ceased. RBC cholinesterase was 

inhibited in a dose-related and generally highly statistically manner on days 5 and 28, and still slightly 

inhibited (less than 20%) on day 56. Brain cholinesterase activity was inhibited to a similar degree in 

males and females and this pattern was generally similar for all three brain regions; toxicologically 

relevant inhibition was seen at all doses in all three brain regions at day 28, and recovery was evident 

but not complete by day 56. There were no treatment-related changes in organ weight, gross pathology 

and histopathology for organs removed at necropsy. Based on a significant reduction in cholinesterase 

in the brain and RBCs at the lowest tested dose, no NOEL can be established for this study. The LOEL 

was 0.3 mg/kg/day for both RBC and brain cholinesterase (Beyrouty 2001). 
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In a 12-month oral study, parathion-methyl was administered in the diet to rats at 0, 0.5, 2.5, 12.5 or 50 

parts per million (ppm) (equal to 0, 0.02, 0.11, 0.53 or 2.21 mg/kg bw/day for males and 0, 0.026, 0.14, 

0.7 or 3.09 mg/kg bw/day for females). A subgroup of five rats/sex/dose was sacrificed for whole body 

perfusion during months 3, 6, 9, 12 and 13. Clinical signs at 50 ppm included aggressiveness, tremors, 

hyperactivity, transient abnormal or altered gait, and loss of muscle tone. Bodyweight was statistically 

significantly decreased in rats at 50 ppm.  

The original pathology report (Cockrell, see the appendix in Daly 1992b) indicated that there was 

treatment-related neuronal changes. In perfused tissue examinations, signs of myelin degeneration in 

the proximal sciatic nerve were seen from six months in animals at 50 ppm. At 12 months there were 

myelin bubbles in the proximal sciatic nerve in all treatment groups, with only one occurrence in the 0.5 

ppm group (n=10). This is similar to the occurrence of myelin ovoids in teased nerve preparations, 

which were seen in the high-dose group from six months (only control and high-dose animals were 

examined at this stage). In the tibial nerve, there were signs of myelin bubbles in rats at 2.5 ppm after 

12 months, with a dose relationship seen in males (M: 0/5, 0/5, 1/5, 2/5, 4/5; F: 0/5, 0/5, 2/5, 0/5, 3/5). 

Phagocytosis of myelin was seen in all treatment groups (M: 0/5, 3/5, 2/5, 1/5, 1/5; F: 0/5, 0/5, 0/5, 1/5, 

2/5). Schwann cell proliferation was seen in rats from 2.5 ppm, but there was no clear dose relationship 

(M: 0/5, 0/5, 1/5, 2/5, 1/5; F: 0/5, 0/5, 2/5, 0/5, 0/5).  

Examination of the thickness of nerve fibres in a cross section of the sciatic nerve showed an increase 

in both demyelinated fibres and fibres surrounded by degenerating myelin with myelin bubbles in high-

dose animals from 6 months. Measurement of the distances between the nodes of Ranvier, which has 

been noted to decrease with most degenerative neural diseases, yielded equivocal results, with males 

showing a slight decrease and females showing no change. Therefore, there is evidence of neuronal 

degeneration in animals at 2.5 ppm, with an occasional occurrence in animals at 0.5 ppm. Although this 

occurred earlier than any degeneration in control animals, the single occurrence of a myelin bubble in 

the lowest dose animal is not considered to be a significant effect. A NOEL for neuronal lesions was set 

at 0.5 ppm in the diet (equal to 0.02 mg/kg bw/day) (Daly 1992b). Three subsequent re-evaluations 

were conducted using the original material (Brennecke 1996; O’Shaughnessy 2000; Jortner 2001). All 

three reports were conducted using only a limited subset of the original data, and due to technical 

difficulties, none was able to present morphometric data. There appears to be no compelling argument 

to reconsider the original NOEL of 0.5 ppm in the diet (0.02 mg/kg bw/day) established for neuronal 

lesions in this study. 

After dose-ranging studies, Sprague Dawley rats were given a single dietary exposure to parathion-

methyl at target doses of 0, 1, 1.5, 3 and 12 mg/kg. Animals were assessed for cholinesterase inhibition 

(eight of each sex per group) in blood and brain at the time of peak effect (0.5–1.5 hours after 

treatment) and on day 15. Neuropathological effects were assessed on day 15 (8/sex for the control 

and high-dose group). Neurotoxicity testing was done by FOB and motor activity testing before 

treatment, at the time of peak effect, and on day 15. Reporting included clinical signs, bodyweights and 

food consumption. The concentration of parathion-methyl in the diet was within  20% of the nominal 

concentration. There were no mortalities. There were no clinical findings or bodyweight changes. Minor 

FOB findings (decreased open-field rearing, decreased body temperature) were seen, mainly on day 1 

and generally in high-dose females only. Motor activity findings on day 1 were decreased activity for 

high-dose males and females compared to controls; day 15 findings were unremarkable. Uneven 
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consumption of test diets severely confounded the experimental design. The neurotoxicity animals and 

the cholinesterase animals designated for sacrifice on day 15 achieved higher test-substance 

consumption than the animals sacrificed on day 1. Some animals in 7/8 dose groups designated for 

sacrifice on day 1 consumed no test substance whatsoever. High-dose neurotoxicity males and females 

achieved dose levels that were 53% and 32% of the target dose levels, respectively. The equivalent 

figures  were 50% and 18% for the day-1 cholinesterase animals and  64% and 65% for the day-15 

cholinesterase animals. Analysis of the individual animal data revealed that the variation in the achieved 

dose between individuals was such that meaningful interpretation of the cholinesterase results for day 1 

was difficult and statistical analysis inappropriate. The data from animals sacrificed on day 15 for assay 

of cholinesterase activity showed recovery of plasma cholinesterase activity to near control levels in 

both males or females, while RBC activity remained somewhat inhibited. Brain cholinesterase activity in 

all compartments on day 15 was increased compared to the day-1 sacrifice but exhibited toxicologically 

relevant inhibition in both sexes at the high-dose. Based on inhibition at higher doses, an overall NOEL 

for cholinesterase inhibition is considered to be 1.0 mg/kg. Histopathology reported only a few findings; 

these are regarded as incidental and not related to treatment. The NOEL for histopathology findings 

was the highest dose achieved for each sex at 6.3 and 3.8 mg/kg for males and females respectively 

(Weiler 1999b; Gains 1999b). 

The toxicological database for parathion-methyl is extensive; a large number of studies was submitted 

for the initial ECRP review, and now two supplementary data submissions have been incorporated. 

These additions to the database have enabled a re-examination of the dermal absorption, neurotoxicity 

and regulatory standards for parathion-methyl. The studies relevant to those purposes are summarised 

in the tables below. 

 

Table 4: Oral neurotoxicity studies  

SPECIES DURATION TGAC DOSE 

(mg/kg/day) 

NOEL 

(mg/kg/day) 

LOEL 

(mg/kg/day) 

EFFECT 

Mice  

(Eiben 1991) 

2 years dietary 0.2, 1.6, 9.2  1.6 9.2 Plasma ChE 

  0.2 1.2 RBC ChE  

  0.2 1.2 brain ChE  

Rat (SD) 

(Minnema 1994a) 

1 day gavage 0.025, 7.5, 

10, 15 

0.025 7.5 Plasma ChE  

  0.025 7.5 RBC ChE  

  0.025 7.5 brain ChE  

  7.5 10 Neuropath 

Rat (SD) 

Weiler 1999b; Gains 1999b) 

1 day dietary 1, 1.5, 3, 12  1.0 >1.1 Plasma ChE  

  1.0 >1.1 RBC ChE  

  1.0 >1.1 brain ChE  
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SPECIES DURATION TGAC DOSE 

(mg/kg/day) 

NOEL 

(mg/kg/day) 

LOEL 

(mg/kg/day) 

EFFECT 

  6.3 M, 3.8 F  Neuropath 

Rat (SD) 

(Minnema 1994b) 

90 day dietary 0.02, 0.23, 2.3 0.23 2.3 Plasma ChE  

  0.02 0.23 RBC ChE  

  0.23 2.3 brain ChE  

  2.3  Neuropath 

Rat (SD)  

(Daly and Rinehart 1980) 

90 day dietary 0.2, 1.9, 6.4 0.2 1.9 Plasma ChE 

  0.2 1.9 RBC ChE  

  0.2 1.9 brain ChE  

Rat (SD)  

(Daly 1992b) 

1 year dietary 0.02, 0.11, 0.53, 

2.21  

0.11 0.53 Plasma ChE 

  0.53 2.21 RBC ChE  

  0.11 0.53 brain ChE  

  0.02 0.11 Neuropath 

Rat (SD)  

(Daly 1983) 

2 year dietary 0.02, 0.2, 2.4  0.2 2.4 Plasma ChE  

  2.4  RBC ChE  

  0.2 2.4 brain ChE  

  0.02 0.2 Neuropath – 

abnormal gait 

   0.02 Neuropath – 

histopath. 

Rat (Wistar)  

(Bomhard et al. 1981) 

2 year dietary 0.1, 0.5, 3.1  0.1 0.5 Plasma ChE 

  0.1 0.5 RBC ChE  

  0.1 0.5 brain ChE  

Dog (Beagle)  

(Tegeris and Underwood 

1981) 

1 year dietary 0.03, 0.1, 0.3  0.03 0.1 Plasma ChE 

   0.03 RBC ChE  

  0.1 0.3 brain ChE  

Dog (beagle)  

(Hatch 1998) 

12 months dietary 0.3, 1.0, 3.0, 3.5 

(F only), 4.0 (M 

only) 

– M 

 

3.0 – M 

0.3 - F 

Plasma ChE 
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SPECIES DURATION TGAC DOSE 

(mg/kg/day) 

NOEL 

(mg/kg/day) 

LOEL 

(mg/kg/day) 

EFFECT 

   

0.3 - F 

0.3 M 

1.0 F 

RBC ChE  

  1.0 M &F  brain ChE  

Dog (beagle)  

(Tegeris et al. 1978) 

90 day dietary 0.3, 1.0, 3.0  0.3 1.0 Plasma ChE 

  0.3 1.0 RBC ChE  

  1.0 3.0 brain ChE  

ChE = cholinesterase; RBC = red blood cell 

Table 5: Dermal neurotoxicity studies 

SPECIES DURATION DOSE FORM AND 

DOSE  

(mg/kg/day of ai) 

NOEL  

(mg/kg/day) 

LOEL 

(mg/kg/day) 

EFFECT 

Rats (SD)  

(Weiler 1999a; 

Gains 1999a) 

5 day EC (aqueous) 

1.0, 2.0, 3.0  

1.0 2.0 Plasma ChE  

  1.0 2.0 RBC ChE  

  <1.0 1.0 brain ChE  

  3.0  Neuropath 

Rats (SD)  

(Beyrouty 2001) 

4 weeks  TGAC 

0.3, 1.0, 2.2, 5.0  

0.3 1.0 Plasma ChE  

  <0.3 0.3 RBC ChE  

  <0.3 0.3 brain ChE  

  5.0  Neuropath 

Rats (Wistar)   

(Dikshith et al, 1991) 

4 weeks EC 

2.0  

<2.0 2.0 RBC ChE  

  <2.0 2.0 brain ChE  

Rats (SD)   

(Beyrouty 1999a; 

Beyrouty 1999b) 

13 weeks EC (xylene) 

1.2, 3.8, 11.9  

<1.2 1.2 Plasma ChE  

  <1.2 1.2 RBC ChE  

  <1.2 1.2 brain ChE  

  11.9  Neuropath 
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SPECIES DURATION DOSE FORM AND 

DOSE  

(mg/kg/day of ai) 

NOEL  

(mg/kg/day) 

LOEL 

(mg/kg/day) 

EFFECT 

Rabbit (NZW)   

(Mihail 1984) 

3 weeks EC 10, 50, 250  10 250 Plasma ChE  

  10 50 RBC ChE  

  10 50 brain ChE  

Rabbit (NZW)   

(Goad 1992) 

3 weeks TGAC 1, 5, 10, 100 1 5 Plasma ChE  

  5 10 RBC ChE  

  100  brain ChE  

ChE = cholinesterase; RBC = red blood cell 

 

3.1.3 Discussion 

Dermal absorption 

In the previous evaluation of supplementary data, it was concluded by the evaluator that ‘There is 

however little available data concerning the dermal absorption of methyl parathion’. That evaluation also 

concluded that ‘the oral toxicity of methyl parathion is probably an order of magnitude higher than the 

dermal’. While this observation may be true for acute toxicity studies, it is not tenable when considering 

long-term studies. A review of acute toxicity studies in the database indicates that the lowest orally 

administered LD50 for parathion-methyl in rats was 2.9 mg/kg bw (range 2.9–25 mg/kg bw) in males and 

3.2 mg/kg bw (range 3.2–62 mg/kg bw) in females; the lowest dermal LD50 in rats was 44 mg/kg bw 

(range 44 to more than 2000 mg/kg bw) in females and 46 mg/kg bw in males (range 46 to more than 

2000 mg/kg bw). In contrast, a review of the recently submitted short- or intermediate-term dermal 

studies indicates that the level of inhibition of cholinesterase activity in all compartments appears 

equivalent when dermal and oral studies are compared, indicating complete absorption of dermally 

applied parathion-methyl. The sponsor has provided comment that ‘although dermal absorption may be 

slower than that due to oral ingestion, the absorption is nevertheless essentially complete over a 

prolonged period. For purposes of worker risk assessment, where intermediate-term exposures are 

generally considered (e.g. 28 or 90 day studies), we believe it may be more prudent to assume 100% 

rather than the 10% default NRA has used up to the present’. The TGA is in full agreement with this 

observation. 

Neurotoxicity 

Studies in rats comprise the majority of the database of neurotoxicity studies performed with parathion-

methyl. In rats, the administration of parathion-methyl by dermal or oral routes elicits neurotoxicity in the 

form of cholinesterase inhibition or neuropathy to varying degrees, depending on the duration and 

administration route.  

There are no acute dermal studies available, but in acute oral studies, cholinesterase inhibition is the 

major manifestation of toxicity and neuropathic changes are evident only at high doses. An acute 
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gavage study demonstrated a clear NOEL of 0.025 mg/kg/day for cholinesterase inhibition in all 

compartments; a NOEL of 7.5 mg/kg/day was established for nerve lesions, based on findings of an 

accelerated rate of occurrence of what would be considered normal age-related degenerative nerve 

changes at higher doses (Minnema 1994a). In an acute dietary study, which was somewhat flawed by 

an uneven consumption of test substance in all dose groups, a NOEL of 1.0 mg/kg/day for 

cholinesterase inhibition in all compartments can reasonably be inferred. There were no dose-related 

nerve-histopathology findings at the highest achieved doses of 6.3 and 3.8 mg/kg/day for males and 

females respectively (Weiler 1999b; Gains 1999b).  

Long-term oral studies show a tendency for the NOELs for cholinesterase inhibition to remain 

unchanged despite increasing duration of dosing, presumably reflecting the achievement of a steady 

state concentration of parathion-methyl following continuous ingestion. However, evidence of 

neuropathy as shown by abnormal gait and supported by underlying histopathology becomes apparent 

with increasing duration of dosing. In a two-year study, neuropathy was detected histopathologically at 

0.02 mg/kg/day, the lowest dose tested, and was clearly evident clinically (abnormal gait) at the next 

highest dose of 0.2 mg/kg/day (Daly 1983). There is increasing evidence that cholinesterase inhibitors 

may have more than one target enzyme or tissue, and it is possible that this non-cholinesterase 

inhibitory activity is responsible for the neuropathic effects detected in these studies. 

The database for dermal neurotoxicity studies is considerably more limited than that for oral studies and 

does not contain any studies of longer than 13 weeks. Nonetheless, there is a discernible influence of 

study duration on cholinesterase inhibition. In a five-day study there were clear NOELs of 1.0 mg/kg/day 

for plasma and RBC cholinesterase, but this dose was a LOEL for brain cholinesterase (Weiler 1999a, 

Gains 1999a). In a four-week study there was a NOEL of 0.3 mg/kg/day established for plasma 

cholinesterase, but this was a LOEL for RBC and brain cholinesterase activity (Beyrouty 2001). In a 13-

week rat study there was no NOEL, but a LOEL of 1.2 mg/kg/day was established for plasma, RBC and 

brain cholinesterase (Beyrouty 1999a, b). Given the short duration of these dermal studies, it is not 

unexpected that there were no neuropathic effects recorded. Another possibility is that there may be a 

dose threshold for the induction of neuropathy, and slow dermal absorption mitigates against achieving 

a critical plasma or tissue concentration which can be exceeded in oral gavage but not short-term 

dermal or dietary studies. For example, the Minnema (1994a) study used administration as a bolus 

(gavage), and doses exceeding 7.5 mg/kg bw; neuropathy findings were evident at 10 mg/kg and 

above.  

Regulatory considerations 

CHRONIC DIETARY INTAKE 

The current ADI of 0.0002 mg/kg/day is based on a NOEL of 0.02 mg/kg/day for neuropathological 

effects in the 12-month rat dietary study (Daly 1992b). If the neuropathological effects were discounted 

as artefactual or not relevant to human risk assessment, then the default replacement study for 

determining the ADI would be the two-year dietary study in rats (Daly 1983). In this study, the most 

sensitive endpoint for adverse effects is neuropathy, with a LOEL for nerve degeneration of 0.02 

mg/kg/day. If the degenerative effects were discounted, then the NOEL for neuropathic effects is 0.02 

mg/kg/day with a LOEL of 0.2 mg/kg/day based on abnormal gait; hence the ADI would remain 

unchanged if histological evidence of neuropathy was deemed unacceptable for regulatory purposes. 
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The ECRP report describes the findings from this study as follows: 

The most striking clinical observation was the occurrence of a treatment-induced 

abnormal/altered gait involving the hind legs that was dose related with respect to 

incidence and time to onset among female rats. This unexpected observation seen during 

the second year of treatment in the absence of any classical cholinergic signs appears to 

have prompted a thorough quantitative/qualitative neuropathologic examination in this 

2-year study and in a subsequent 1-year study performed almost a decade later. Given the 

observed abnormal/altered gait it seems intuitively reasonable to anticipate some 

neuropathologic lesions identifiable at the microscopic level in rats given less compound 

and those exposed for less than 12 months at the highest dose. 

It is noteworthy that these observations have never been called into question by either the sponsor or 

contradicted by findings in subsequent studies. It is also noteworthy that transient gait changes were 

seen in the one-year study. 

OCCUPATIONAL EXPOSURE 

When considering short-term studies, the most sensitive endpoint is cholinesterase inhibition. The 

NOELs derived from these studies are partly a reflection of dose selection and the choice of exposure 

pathway. For acute studies, a NOEL of 0.025 mg/kg/day from a one-day gavage study can be 

established from measurements of cholinesterase inhibition in all compartments at higher doses. For 

subchronic and short-term studies, the inhibition of brain cholinesterase is the most relevant and 

sensitive endpoint. While three-month oral studies have established a NOEL for brain cholinesterase of 

0.2 mg/kg/day, dermal studies of five days or more have no clear NOEL for brain cholinesterase 

inhibition; the lowest LOEL of 0.3 mg/kg/day for brain cholinesterase inhibition in a four week rat study 

is considered appropriate for deriving a reference dose that would be relevant to worker exposure 

scenarios. Given the seriousness of the endpoint, an extra 10-fold safety is recommended for 

extrapolating from the LOEL, thus generating a reference dose of 0.0003 mg/kg/day. This compares to 

the current ARfD of 0.03 mg/kg/day derived from a NOEL of 0.3 mg/kg/day in a human oral study, and 

the current ADI of 0.0002 mg/kg/day. 

Recommendations 

For OHS purposes the following endpoints are appropriate: 

Dermal absorption can be considered to be 100%. 

Based on the absence of a NOEL for inhibition of cholinesterase activity in the brain in any dermal 

study, an additional 10-fold safety factor is appropriate. A reference dose for OHS risk assessment 

may be derived from a four-week dermal neurotoxicity study in rats in which there was a LOEL of 

0.3 mg/kg/day (and no NOEL) for brain cholinesterase inhibition. The reference dose would be 
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0.0003 mg/kg/day based on 10-fold safety factors for each of extrapolating from the LOEL, 

interspecies extrapolation, and inter-individual differences. 

3.2 Occupational health and safety (OHS) 

3.2.1 Interim report  

The interim report identified that workers may be exposed to parathion-methyl products when opening 

containers, preparing spray, cleaning up spills and maintaining equipment. Exposure to the diluted 

solution can occur during spray application and maintenance operations. Re-entry workers, harvesters 

and workers handling harvested crops may be exposed to parathion-methyl and its degradation 

products, mainly paraoxon-methyl.  

Workers may handle parathion-methyl repeatedly throughout the season(s). Parathion-methyl EC 

products may be applied two to five times each season in any given crop. Some vegetable growers may 

produce two to three crops per year. Each horticultural crop application of parathion-methyl in Australia 

is likely to take place over one or two days. Application of parathion-methyl in cotton may take place 

over a longer period, especially when conducted aerially over large areas. The application of the ME 

product can take place as required during the growing season at intervals of two to four weeks 

(depending on the crop), with each application likely to take place over one or two days. Contract 

workers may be exposed more frequently and over longer periods. 

The main route of occupational exposure to parathion-methyl products is expected to be by skin 

contamination. Inhalation exposure to parathion-methyl vapour is not expected to be significant 

because it has low vapour pressure. Inhalation of spray mist is possible.  

Estimation of worker exposure 

Estimations of worker exposure relied on measured field studies and a predictive model. Where 

appropriate, extrapolations were made from similar use patterns in the studies. Estimates of exposure 

(and risk) used the maximum application rates and work rates specified in Tables 7 and 8 and assumed 

that maximum personal protective equipment (PPE) was worn (gloves, overalls and waterproof 

clothing).  

Re-entry exposure  

No Australian re-entry exposure data or field residue data were available. Overseas measured worker 

re-entry exposure data was available from the published literature. Overseas residue data was available 

for both EC and ME parathion-methyl in various crops, from spray application to seven days post-

application. Parathion-methyl and paraoxon-methyl residues were measured for up to seven days and 

four days post-application, respectively, for both formulations.  



 3. DATA ASSESSMENTS 21 

 

 

 

Conclusions  

The OHS risk assessment conducted for the interim report used measured worker exposure studies, 

published literature and predictive exposure modelling to estimate the risk to workers currently using 

parathion-methyl. 

The risk assessment found that the health risk to workers during routine ground spraying (airblast, 

electrostatic and boom spraying) of parathion-methyl products in all crops was unacceptable, 

irrespective of the use of closed mixing/loading, closed cabs and protective clothing (where applicable). 

Where the appropriate authorities allow continued use of ground spraying of parathion-methyl, 

upgraded training plus restrictions on application rates, spray intervals, engineering controls, re-entry 

periods and tank mixing are required. Parathion-methyl, labels should be amended to include clear 

instructions for low-volume applications. 

The OHS risk was not acceptable in all circumstances for aerial spraying, and increased worker 

controls were recommended, pending submission and assessment of worker exposure data. The 

worker controls include upgraded training plus engineering controls and prohibition of human flagging 

unless flaggers are protected by engineering controls such as cabs. Existing guidance on safe flagging 

procedures requires upgrading. 

There were insufficient data to revise the current re-entry period and set a new safe period. Additional 

worker re-entry data are required. For all uses, a 14-day interim re-entry period is recommended for 

both formulations of parathion-methyl. This is consistent with the re-entry period given for the similar 

chemical, parathion. This was an interim re-entry period, pending submission of further data.  

No data were available to assess hand-held uses and greenhouse uses of parathion-methyl. 

The existing safety directions for ME parathion-methyl product(s) need to be upgraded to include the 

PPE requirements as assigned for the EC formulation. 

Tank mixing with parathion-methyl is part of current practice. The OHS risk assessment indicated 

unacceptable risk when using parathion-methyl alone. The additional risk posed by tank mixing with 

other anticholinesterase products is unknown. 

3.2.2 Assessment of additional information 

The OHS assessment of currently registered parathion-methyl products was conducted by the OHS 

within of the Office of Chemical Safety (at the time under NOHSC). Based on the available data, 

concerns were raised regarding worker exposure to parathion-methyl during certain end-use and re-

entry activities. Consequently, the APVMA decided that these uses of parathion-methyl could continue 

only on a temporary basis until additional worker exposure data were generated. 

Work practices identified as requiring additional exposure data, were: 
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 mixing/loading for ground and aerial applications 

 orchard ground spray application including re-entry 

 broadacre-ground spray application including re-entry. 

In response to the interim report recommendations, the registrant (Cheminova) submitted biomonitoring 

studies measuring worker exposure to parathion-methyl while mixing/loading and applying parathion-

methyl products and when entering treated crops. Studies were also conducted to determine the 

dislodgeable foliar residue of parathion-methyl following its application to different crops. The studies 

used either the EC formulation containing 500 g/L parathion-methyl or ME formulations containing 240 

or 450 g ai/L, which were considered representatives of the products under review. 

The following information provides an OHS risk assessment based on these studies in relation to the 

use of parathion-methyl products in Australia. The Pesticide Handlers Exposure Database (PHED) was 

also used to estimate worker exposure to parathion-methyl during mixing/loading and ground 

application.  

All studies were conducted according to the protocol approved by the NOHSC and the APVMA prior to 

the commencement of the studies. The studies were of suitable quality and met the OECD Guidelines. 

Although the studies were conducted overseas (France and the USA), the product formulations and 

application conditions were similar to Australian work conditions. The studies were therefore considered 

appropriate for exposure assessment purposes. 

Parathion-methyl is primarily metabolised in the liver, where it is detoxified to produce dimethyl thio-

phosphate and para-nitrophenol (PNP).  Both these metabolites are excreted via the kidneys. The 

biomonitoring studies measured urinary elimination of PNP as a marker for parathion-methyl. The assay 

method was validated for assay specificity, carryover, linearity, limit of detection and accuracy and 

precision for intra-batch and inter-batch, standard solution stability (Appendix A). Validation studies 

indicated that PNP is a good biomarker for parathion-methyl as a measure of operator exposure. 

According to the study authors, it is more convenient to monitor and measure the exposure of 

agricultural workers to parathion-methyl via urine than by blood analysis.   

Parathion-methyl is associated with acute neuropathies caused by inhibition of cholinesterase activity. 

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 that caused cholinesterase activity 

depression.  The NOEL established for neuro-pathological effects in a one-year oral rat study was 0.02 

mg/kg bw/day. 

An EC formulation of parathion-methyl exhibited a high acute oral toxicity [oral LD50 = 13 mg/kg 

calculated as end use-product (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. 
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An ME formulation of parathion-methyl (as capsule suspensions 240 g/L, identical to a registered 

parathion-methyl formulation) demonstrated a low oral and dermal toxicity (LD50 of more than 5000 

mg/kg). The product did not cause skin or eye irritation in rabbits or skin sensitisation in guinea pigs. 

The OCS toxicity report indicated that due to the lack of stability data on the ME formulation, possible 

increases in acute toxicity for ‘aged’ compound or product could not be assessed. The toxicity of both 

types of formulations (EC and ME) is therefore considered similar. 

Since the interim report was released, the registrant has submitted various toxicology studies as 

supplementary data, including several dermal toxicity study reports, re-evaluations of the 

neuropathology slides from several older studies, and new developmental neurotoxicity studies in rats. 

The OCS has reviewed the studies and concluded that the submitted data do not support any change to 

the current public health standards for parathion-methyl. The ADI remains at 0.0002 mg/kg bw/day 

based on a NOEL of 0.02 mg/kg bw/day in a two-year rat dietary study and using a 100-fold safety 

factor (OCS 2003). The OCS has therefore used the same toxicological end-points that were used in 

the interim report for the OHS risk assessment. 

The newly submitted dermal studies did not establish a NOEL. However, a LOEL of 0.3 mg/kg bw/day 

was established in a 28-day dermal neurotoxicity study (inhibition of brain cholinesterase activity).  The 

OCS has argued that, since a NOEL for inhibition of brain cholinesterase activity has not been 

established in any dermal study, an additional 10-fold safety factor is appropriate. The extrapolated 

NOEL from this study would thus be 0.03 mg/kg bw/day. This is similar to the oral NOEL of 0.02 mg/kg 

bw/day established in the two-year dietary study. If the dermal and oral NOELs for a chemical are 

similar, it can be concluded that the chemical applied to the skin is fully absorbed. Hence a dermal 

absorption factor of 100% was used for parathion-methyl in the OHS assessment.  

3.2.3 Occupational exposure 

Worker exposure studies 

Studies on the following work scenarios were submitted for review: 

 worker exposure to parathion-methyl in the course of open mixing/loading 

 worker exposure to parathion-methyl in the course of closed mixing/loading 

 worker exposure to parathion-methyl in the course of application to broadacre crops (potatoes) 

 worker exposure to parathion-methyl in the course of entering fields post application (re-entry 

exposure)—cotton scouting, hand harvesting sweet corn 

 determination of dislodgeable foliar residues (DFR) from plants treated with parathion-methyl—

apples, sweet corn and cotton. 
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Results from biomonitoring studies and surrogate database (PHED) indicated unacceptable margin of 

exposure (MOE) for workers mixing/loading (for ground and aerial application) parathion-methyl in open 

or closed systems even when wearing the PPE that is prescribed on the product labels.  

Unacceptable MOE were also obtained (biomonitoring studies and PHED) for workers applying an ME 

formulation of parathion-methyl using a boom sprayer with an open-cab tractor.  Workers wore coveralls 

over a long-sleeved shirt and trousers, waterproof gloves, chemical resistant footwear plus socks, 

protective eyewear, chemical-headgear for overhead exposure, and a dust and mist-filtering respirator. 

Biomonitoring studies to estimate worker exposure during re-entry activities measured exposure only on 

‘day 4’ (one day only) following product application. Values of MOE for both sweet corn harvesting and 

cotton scouting on day 4 were unacceptable. As no exposure measurements were made on the 

following days, it was not possible to estimate a safe re-entry period from these studies. 

The dislodgeable foliar residues studies revealed that longer re-entry periods were required for ME 

formulation. In apple crops, safe re-entry periods of two days for tending to crops and five days for 

harvesting were noted for the EC formulation, and safe re-entry periods of more than 28 days were 

noted for the ME formulation.  

After adjusting for amount of parathion-methyl handled in a day under Australian conditions, these study 

results are considered adequate for use in the occupational risk assessment study details. This is 

further discussed in Appendix C. 

Worker exposure model 

The OCS used PHED to estimate worker exposure to parathion-methyl products during mixing/loading 

and when applying  a spray solution. 

Subsets were created for mixing/loading and application scenarios from the surrogate studies in the 

PHED database for the EC and ME formulations of parathion-methyl. PHED assumes workers wear 

trousers and a long-sleeved shirt. However, to match the PPE in exposure studies, PHED estimates 

were also obtained for workers wearing gloves and protective overalls. Dermal and inhalation exposure 

were added together to calculate total exposure. The following table gives the estimated exposure of 

workers to parathion-methyl expressed as micrograms of parathion-methyl per kilogram of parathion-

methyl handled (µg/kg). 
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Table 6: PHED estimates of dermal and inhalation exposure to parathion-methyl during 

mixing/loading and application 

FORMULATION TASK PERSONAL 

PROTECTIVE 

EQUIPMENT 

EXPOSURE 

(µg/kg ai HANDLED) 

DERMAL INHALATION TOTAL 

Emulsifiable 

concentrate 

(EC) 

Open 

mixing/loading 

LP, LSS, G 171.488 (64) 0.538 (35) 172.026 

PO, LP, LSS, G 153.246 (64) 0.538 (35) 153.784 

Closed mixing/ 

loading 

LP, LSS, G 21.392 (17) 0.355 (17) 21.747 

PO, LP, LSS, G 8.459 (17) 0.355 (17) 8.814 

Boom application LP, LSS, G 10.606 (34) 0.549 (34) 11.155 

PO, LP, LSS, G 2.023 (34) 0.549 (34) 2.572 

Micro-

encapsulated 

(ME) 

Open 

mixing/loading 

LP, LSS, G 20.788 (2) 0.047 (2) 20.835 

PO, LP, LSS, G 13.939 (2) 0.047 (2) 13.986 

Closed 

mixing/loading 

N/A N/A N/A N/A 

Boom application LP, LSS, G 3.347 (2) 0.050 (2) 3.397 

PO, LP, LSS, G 0.565 (2) 0.050 (2) 0.615 

PO=Protective overalls; LP=Long pants (trousers); LSS=Long sleeve shirt; G=Gloves  

Figures in parentheses represent number of replicates; N/A Not available 

3.2.4 Exposure assessment 

Worker exposure to parathion-methyl was measured from the amount of PNP excreted in the urine of 

workers over three days following mixing/loading or application of parathion-methyl products. These 

measurements then allowed the amount of parathion-methyl absorbed by workers to be calculated, as 

identified in the validation studies. 

Exposure during mixing/loading/application—exposure estimated from worker studies 

Mean absorbed values of parathion-methyl were estimated in workers mixing/loading parathion-methyl 

products based on the amount of parathion-methyl handled per day and standardised to normal 

Australian working conditions and a body weight of 70 kg. Table 7 summarises absorption data for 

workers mixing/loading (for application to apple and cotton crops) and applying parathion-methyl to 

potato crops. 
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Table 7: Summary of exposure studies for workers during mixing/loading and application of parathion-methyl products 

ACTIVITY STUDY NO. PRODUCT 

HANDLED 

(L/day) 

SPRAY VOLUME 

(L) 

AREA 

TREATED 

(ha) 

MEAN 

ABSORBED 

PARATHION-

METHYL  

(mg/kg ai/kg bw) 

PARATHION-METHYL 

HANDLED 

(kg/day) 

MEAN ABSORBED PARATHION-

METHYL 

(mg/kg bw/day) 

STUDY 

RATES 

AUSTRALIAN 

RATE 

STUDY 

RATES 

AUSTRALIAN 

RATE 

MIXING/LOADING 

Mixing/loading 

(Open – EC) 

5963 

5964 

5968 

 2.4–4.6a 3000–5250 9.2–10.5 0.000091     1.2–2.3 7.5 0.000158 0.000683 

Mixing/loading 

(Open – ME) 
5983 

132.5–165.6a 1325–1820 53–66 0.000029 31.8–39.7 37.2 0.001082 0.001079 

           165.6b           1820 66 0.000006         39.7 37.2 0.000223 0.000223 

Mixing/loading 

(Closed – EC) 

5967 

5964 
412–818c – 246–486 0.000001 206–409 560 0.000402 0.000662 

APPLICATION 

Application (ME) 5980 505–561c 6836–7586 73–81 0.0000127 121–135 37.2 0.001710 0.000473 

a PPE worn was long-sleeved shirt and trousers underneath coveralls, socks and rubber boots, protective gloves, goggles and dust/mist filtering r espirator 

b PPE worn was long-sleeved shirt and trousers underneath coveralls, socks and rubber boots, protective nitrile gloves, dust/mist filtering respirator, chemica l resistant apron, face shield and 

rain hat. 

c PPE worn was overalls over long-sleeved shirt and trousers, waterproof gloves, chemical resistant footwear plus socks, protective eyewear, chemical -headgear for overhead exposure and 

a dust/mist filtering respirator. 
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Exposure estimated from PHED dataset 

Exposure to mixer/loaders and applicators was estimated using the PHED database. Total exposure 

per kilogram of active ingredient (ai) used was standardised to total absorbed dose per day by factoring 

dermal absorption (100%) and the amount of ai used per day (average 80 kg/day for open 

mixing/loading, and 560 kg/day for closed mixing loading) (see Table 8).  

Table 8: Dermal and inhalation exposure to parathion-methyl during mixing/loading and 

application estimated from PHED dataset 

FORMULATION TASK PERSONAL 

PROTECTIVE 

EQUIPMENT 

TOTAL EXPOSURE 

(µg/kg ai HANDLED) 

TOTAL ABSORBED DOSE 

(mg/kg bw/day) 

Emulsifiable 

concentrate 

(EC) 

Open 

Mixing/loading 

LP, LSS, G 

PO, LP, LSS, G 

172.026 

146.364 

0.197 

0.167 

Closed 

Mixing/loading 

LP, LSS, G 

PO, LP, LSS, G 

21.747 

8.814 

0.175** 

0.01 

Boom application LP, LSS, G 

PO, LP, LSS, G 

11.155 

2.572 

0.013 

0.003 

Micro-

encapsulated 

(ME) 

Open 

Mixing/loading 

LP, LSS, G 

PO, LP, LSS, G 

20.835 

13.986 

0.024 

0.016 

Closed 

Mixing/loading 

N/A N/A N/A 

Boom application LP, LSS, G 

PO, LP, LSS, G 

3.397 

0.615 

0.004 

0.0007 

PO=Protective overalls; LP=Long pants (trousers); LSS=Long sleeve shirt; G=Gloves.  

MOE = NOEL (0.02 mg/kg/day)/total absorbed dose.  

Total absorbed dose= total exposure per kg ai handled x 80 kg ai handled* /70 (kg bodyweight) x 1000 mg).  

*Average amount of ai handled per day (adopted from exposure studies submitted by the applicant)  

**For closed mixing/loading (for aerial application), the ai handled/day was taken as 560 kg.  

N/A Not available 

Exposure to workers undertaking re-entry activities following ground/aerial 
application in apple, sweet corn and cotton crops 

Worker exposure to parathion-methyl when re-entering treated fields was estimated either from the 

biomonitoring data provided (for cotton and sweet corn crops), or from the DFR data (measured in 

apple, cotton and sweet corn crops) using the generic transfer coefficient values corresponding to 

various agronomic activities. The purpose of exposure assessment was to enable estimation of the 

minimum period after parathion-methyl treatment—this is when workers may enter treated areas with 

little risk of adverse effects form exposure. 
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Re-entry exposure in apple crops 

Post-treatment activities in apples involve irrigation, thinning and harvesting of the crop. Exposure is 

expected to be highest during the thinning session. There were no biomonitoring data for workers 

entering treated apple crops.  Dermal exposure was therefore calculated using the DFR values and 

generic transfer coefficients for apple crops for various activities adopted from US Occupational Post-

Application Risk Assessment Calculator (US EPA Policy 003.1) as follows: 1000 cm
2
/hour for tending 

crops; 3000 cm
2
/hour for harvesting and 8000 cm

2
/hour for thinning. Table 9 presents the calculated 

dermal exposure for two different products applied to apple crops (parathion-methyl 500 g/L EC and 

450 g/L ME).  

Table 9: Dermal exposure estimates to parathion-methyl calculated from the dislodgeable foliar 

residues (DFR) and transfer coefficient values for various re-entry activities in apple 

crops 

DAA(1) 

PARATHION-METHYL 500 g/L EC PARATHION-METHYL 450 g/L ME 

DFR(2) 

µg/cm2 

DERMAL EXPOSURE ESTIMATES 

(mg/kg bw/day)(3) 
DFR(2) 

µg/cm2 

DERMAL EXPOSURE ESTIMATES 

(mg/kg bw/day)(3) 

TENDING 

CROPS 

3 h/d 

HARVEST 

6 h/d 

THINNING 

6 h/d 

TENDING 

CROPS 

3 h/d 

HARVEST 

6 h/d 

THINNING 

6 h/d 

-1 <0.01 - - - 0.270 0.0157 0.0694 0.1851 

0 0.66 0.0283 0.1700 0.4526 1.76 0.0754 0.4526 1.2068 

1 0.11 0.0047 0.0283 0.0754 1.05 0.0450 0.2700 0.7200 

2 0.04 0.0017 0.0103 0.0274 1.06 0.0454 0.2726 0.7269 

3 0.01 0.0004 0.0026 0.0069 0.44 0.0189 0.1131 0.3017 

5 <0.01 - - - 0.38 0.0163 0.0977 0.2606 

7 <0.01 - - - 0.26 0.0111 0.0669 0.1783 

10 <0.01 - - - 0.26 0.0111 0.0669 0.1783 

14 <0.01 - - - 0.17 0.0078 0.0437 0.1166 

28 <0.01 - - - 0.05 0.0021 0.0129 0.0343 

35 <0.01 - - - 0.02 0.0009 0.0051 0.0137 

(1) DAA – Days after application of parathion-methyl; -1 refers to one day pre-application. 

(2) Measured total DFR values for parathion-methyl and methyl paraoxon (MPO) 

(3) Dermal exposure estimates (mg/kg bw/day) = DFR (µg/cm
2
) x TC (cm

2
/hr) ÷ 1000 (µg/mg) ÷ 70 (kg bw) x 3 

hours/day (tending crops) or 6 hours/day (harvesting/thinning).  

Transfer coefficients used in calculating dermal absorption were adopted from US Occupational Post-Application Risk 

Assessment Calculator (US EPA Policy 003.1) as follows: 1000 cm
2
/h for tending crops; 3000 cm

2
/h for harvesting and 

8000 cm
2
/h for thinning. 
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Re-entry exposure in sweet corn crop 

According to information provided in study No.5565, sweet corn harvesting involved walking through the 

field and breaking off whole ears and throwing them into a collection bin. The total time for this activity 

was about 8.5 hours.  In Australia, sweet corn harvesters usually perform six hours of work a day in the 

field. The OCS therefore considered the exposure values in this study as appropriate for exposure 

assessment. 

For comparison purposes, exposure was also calculated using transfer coefficients computed from the 

biomonitoring studies. In this case transfer coefficients were computed from total absorption data and 

DFR values. 

CALCULATION OF TRANSFER COEFFICIENTS FROM MEASURED DERMAL EXPOSURE 

Transfer coefficients for parathion-methyl from sweet corn and cotton crops (see Section 3.2.3) were 

calculated using exposure data obtained from the bio-monitoring studies (Tables 6 and 7). The following 

relationship was used for the calculations: 

)g/cm ( DFR  (h/day)activity  for thespent  Time

g/day)( exposure Dermal
  /h)(cm TC

2

2






  

Dermal exposure was calculated from the absorbed dose using the dermal absorption factor of 100% 

for parathion-methyl (a default dermal absorption factor of 10% for parathion-methyl was chosen in the 

interim study because of lack of appropriate dermal absorption data). However, based on the LOEL 

(0.3 mg/kg bw/day) from the dermal neurotoxicity study (inhibition of brain cholinesterase activity) and 

the NOEL of 0.02 mg/kg bw/day from the two-year rat dietary study, the OCS concluded that, in the 

absence of actual dermal absorption studies, a default dermal absorption factor of 100% is more 

appropriate). For the purpose of calculating the transfer coefficient, exposure via inhalation was 

assumed to be negligible. 

Calculated transfer coefficient values for sweet corn crops are presented in Table 10. 
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Table 10: Transfer coefficients calculated for irrigation and harvesting of sweet corn 

DAYS AFTER 

APPLICATION 

ABSORBED 

PARATHION-

METHYL  

DOSE (g) 

CALCULATED 

DERMAL EXPOSURE 

TO PARATHION-

METHYL  (g)* 

DFR 

PARATHION-

METHYL  + MPO 

(g/cm2)** 

CALCULATED 

TRANSFER 

COEFFICIENT 

(cm2/h)*** 

Day 0 135.53 135.53 1.085 21 

Day 1 33.75 33.75 0.744 8 

Day 2 9.57 9.57 0.485 3 

Mean    11 

* Based on 100% dermal absorption 

** Mean of four observations from two DFR studies. 

*** Based on time spent of 6 hours/day 

MPO = methyl paraoxon 

Table 11 presents re-entry dermal exposure transfer coefficient values (from Table 10).  The table 

presents observations from two different studies in sweet corn crops. 
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Table 11: Dermal exposure estimates to parathion-methyl, calculated from the dislodgeable foliar residues (DFR) and transfer coefficient (TC) values for 

various re-entry activities in sweet corn crops following parathion-methyl application (ME formulation) 

DAA(1) 

SITE 1 SITE 2 BATCH1 BATCH 2 

DFR(2) 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day)(3) 
DFR 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day) 
DFR 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day) 
DFR 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day) 

C I/S HH C I/S HH C I/S HH C I/S HH 

-1 <0.01 - - - <0.01 - - - <0.01 - - - <0.01 - - - 

0 - - - - 1.5735 0.0014 0.06743 2.2930 0.8796 0.00080 0.0754 1.2817 0.803 0.00073 0.0689 1.1700 

1 0.2691 0.00025 0.01153 0.3921 1.2188 0.00111 0.0522 1.7756 0.532 0.00048 0.0456 0.7752 0.561 0.00051 0.0481 0.8174 

2 0.0242 0.00002 0.00104 0.0353 0.8234 0.00075 0.03529 1.2000 0.225 0.00020 0.0192 0.3278 0.299 0.00026 0.0256 0.4357 

3 - - - - 0.7153 0.00064 0.0306 1.0420 0.154 0.00014 0.0132 0.2244 0.348 0.00032 0.0298 0.9238 

4 <0.01 - - - N/A - - - - - - - 0.278 0.00025 0.0238 0.4050 

5 N/A - - - 0.3207 0.00029 0.0137 0.4666 0.0885 0.00008 0.0076 0.1290 0.0221 0.00020 0.0019 0.0322 

7 <0.01 - - - 0.2723 0.00025 0.0117 0.3968 0.00546 0.000005 0.0005 0.0080 0.0202 0.00002 0.00173 0.0294 

10 <0.01 - - - 0.0880 0.00008 0.0038 0.1282 0.00278 0.000003 0.0002 0.0040 0.00677 0.000006 0.0006 0.00986 

14 N/A - - - 0.0553 0.00005 0.0024 0.0806 <0.01 - - - 0.0254 0.000023 0.0022 0.0370 

28 N/A - - - 0.0331 0.00003 0.0014 0.0482 - - - - 0.00166 0.000002 0.0001 0.0024 

35 N/A - - - N/A - - - - - - - 0.00129 0.000001 0.0001 0.0019 

(1) DAA – Days after application of parathion-methyl; -1 refers to 1-day pre-application. 

(2) Measured total DFR values for parathion-methyl and methyl paraxon 

(3) Dermal exposure estimates (mg/kg bw/day) = DFR (µg/cm
2
) x transfer coefficient (cm

2
/hr) ÷ 1000 (µg/mg) ÷ 70 (kg bw) x 3hrs/day (irrigation/scouting) or 6 hrs/day (harvesting/thinning).  

 C = Exposure based on a calculated transfer coefficient (11 cm
2
/hour) for irrigation and harvesting of sweet corn (Table 10); I/S = Exposure based on TC for Irrigation/Scouting (1000 cm

2
/h) 

and HH = Exposure based on the transfer coefficient for hand harvesting (I/S and HH (17,000 cm
2
/hour).  TC values for I/S and HH were adopted from US Occupational Post-Application Risk 

Assessment Calculator (US EPA Policy 003.1). N/A – Not analysed. 
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Re-entry exposure in cotton crops 

Tables 12 and 13 present dermal absorption data for workers re-entering treated cotton fields.  Dermal 

absorption is calculated either from biomonitoring data (urinary PNP) or from DFR data using generic 

(from US EPA) and calculated transfer coefficient values (from Table 11), as in the consideration of 

sweet corn. 

For comparison purposes, exposure was also calculated using transfer coefficients computed from the 

biomonitoring studies. In this case transfer coefficients were computed from total absorption data and 

DFR values. Calculated transfer coefficient values for cotton crops are presented in Table 12. 

Table 12: Transfer coefficient calculated for scouting of cotton crops 

 
DAYS AFTER 

APPLICATION 

ABSORBED 

PARATHION-

METHYL DOSE 

(g) 

CALCULATED 

DERMAL EXPOSURE 

TO PARATHION-

METHYL  (g) 

DFR 

PARATHION-

METHYL  + MPO 

(g/cm2)** 

CALCULATED 

TC (cm2/h)*** 

Site 1 Day 0 18.04 18.1 2.120 1.4 

Day 1 19.08 19.1 1.068 3.0 

Day 2 1.17 1.17 0.451 0.4 

Day 3 1.46 1.46 0.368 0.7 

Mean    1.4 

Site 2 Day 0 60.59 60.6 3.278 3.1 

Day 1 9.38 9.4 0.865 1.8 

Day 2 9.33 9.33 0.184 8.4 

Day 3 7.10 7.1 0.048 24.6 

Mean    9.5 

Site 3 Day 0 59.93 60.0 3.214 3.1 

Day 1 7.60 7.60 1.178 1.1 

Day 2 7.68 7.68 0.420 3.0 

Day 3 1.94 1.94 0.137 2.4 

Mean    2.4 

Grand mean    4.4 

* Based on 100% dermal absorption for parathion-methyl  

** Values are means of triplicate observations 

*** Based on time spent of 6 hours/day 
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Table 13: Dermal exposure estimates to parathion-methyl, calculated from dislodgeable foliar residues (DFR) and transfer coefficients for various re-entry 

activities in cotton crops following parathion-methyl application (ME formulation) 

DAA(1) 

SITE 1 SITE 2 SITE 3 

DFR(2) 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day)3 
DFR(2) 

µg/cm2 

DERMAL EXPOSURE  

(mg/kg bw/day) 
DFR(2) 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day) 

C I/S HH C I/s HH C I/S HH 

-1 <0.01 - - - <0.01 - - - <0.01 - - - 

0  2.12 0.0008 0.2725 0.4543 3.2779 0.00123 0.42144 0.7024 3.214 0.00121 0.413 0.6887 

8-12 HAA(4) 1.1887 0.00045 0.1528 0.2547 1.6065 0.0006 0.2065 0.3442 1.9908 0.00075 0.256 0.4265 

1  1.0675 0.0004 0.1372 0.2287 0.8651 0.00033 0.1112 0.1854 1.1776 0.00044 0.1514 0.2523 

2  0.451 0.00017 0.058 0.0966 0.184 0.00007 0.0236 0.0394 - - - - 

3  0.3678 0.00014 0.0472 0.0788 0.0482 0.00002 0.0062 0.0103 0.1374 0.00005 0.0177 0.0294 

4  N/S - - - 0.0164 0.000006 0.0021 0.0035 0.0994 0.00004 0.0128 0.0213 

5  1.8137 0.00068 0.2332 0.3886 N/S - - - N/S - - - 

7  0.08 0.00003 0.0103 0.0171 <0.01 - - - <0.01 - - - 

10  0.0102 0.000004 0.0013 0.0022 <0.01 - - - <0.01 - - - 

13  N/S - - - <0.01 - - - N/S - - - 

14  <0.01 - - - N/D - - - <0.01 - - - 

21  <0.01 - - - N/D - - - N/D - - - 

28  <0.01 - - - N/D - - - N/D - - - 

 (1) DAA – Days after application of parathion-methy ; -1 refers to 1-day pre-application; (2)Measured total DFR values for parathion-methyl  and MPO (methyl paraoxon) 

(3)Dermal exposure estimates (mg/kg bw/day) = DFR (µg/cm
2
) x transfer coefficient (cm

2
/hr) ÷ 1000 (µg/mg) ÷ 70 (kg bw) x 3hrs/day (irrigation/scouting) or 6 hrs/day (harvesting/thinning).  
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 C = Exposure based on calculated TC (4.4 cm
2
/h, Table 12) for cotton scouting; I/S = Exposure based on transfer coefficients for Irrigation/Scouting (1500 cm

2
/h) and HH = Exposure based 

on the transfer coefficient for hand harvesting (I/S and HH (2500 cm
2
/h).  Transfer coefficients for I/S and HH were adopted f rom US Occupational Post-Application Risk Assessment 

Calculator (US EPA Policy 003.1). (4)Hours after application; N/D – Not detected; N/S – Samples not collected 
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Table 14: Dermal exposure estimates to parathion-methyl, calculated from dislodgeable foliar residues (DFR) and transfer coefficients for various re-entry 

activities in cotton crops following parathion-methyl application (EC formulation) 

DAA(1) 

SITE 1 SITE 2 SITE 3 

DFR(2) 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day)(3) 
DFR(2) 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day) 
DFR(2) 

µg/cm2 

DERMAL EXPOSURE 

(mg/kg bw/day) 

C I/S HH C I/S HH C I/S HH 

-1 <0.01 - - - 0.006 - 0.0008 0.0013 0.010 - 0.0013 0.0021 

0 0.006 0.000002 0.0008 0.0013 1.0976 0.000414 0.1411 0.2352 2.798 0.00106 0.3600 0.6000 

1 0.3424 0.00013 0.0440 0.0734 0.0147 0.000006 0.0019 0.0031 0.348 0.00013 0.0450 0.0746 

2 0.141 0.000052 0.0181 0.0302 0.007 0.000003 0.0009 0.0015 0.019 0.000007 0.0024 0.0041 

3 0.027 0.00001 0.0035 0.0058 0.007 0.000003 0.0009 0.0015 0.0123 0.000005 0.0016 0.0026 

5 0.0113 0.000004 0.0015 0.0024 0.007 0.000003 0.0009 0.0015 0.012 0.0000045 0.0015 0.0026 

7 0.011 0.000004 0.0014 0.0023 0.008 0.000003 0.0010 0.0017 0.009 0.0000034 0.0012 0.0019 

10 0.008 0.000003 0.0010 0.0017 ND - - - 0.009 0.0000034 0.0012 0.0019 

14 0.005 0.000002 0.0006 0.0011 ND - - - 0.005 0.000002 0.0006 0.0011 

21 ND - - - ND - - - 0.008 0.000003 0.0010 0.0017 

28 ND - - - - - - - ND - - - 

35 ND - - - - - - - ND - - - 

(1) DAA – Days after application of parathion-methyl; -1 refers to 1-day pre-application; (2)Measured total DFR values for parathion-methyl  and MPO(methyl paraoxon) 

(3)Dermal exposure estimates (mg/kg bw/day) = DFR (µg/cm
2
) x transfer coefficient (cm

2
/hr) ÷ 1000 (µg/mg) ÷ 70 (kg bw) x 3 hours/day (irrigation/scouting) or 6 hours/day 

(harvesting/thinning).  

C = Exposure based on the calculated transfer coefficient (4.4 cm
2
/h, Table 12) for cotton scouting; I/S = Exposure based othe transfer coefficient for Irrigation/Scouting (1500 cm

2
/h) and HH 

= Exposure based on transfer coefficients for hand harvesting (I/S and HH (2500 cm
2
/hour).  Transfer coefficients for I/S and HH were adopted from the US Occupational Post-Application 

Risk Assessment Calculator (US EPA Policy 003.1) .; N/D – Not detected. 
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3.2.5 Occupational risk assessment 

The occupational risk assessment takes into consideration the hazard of parathion-methyl as 

determined by toxicology testing, its use pattern in Australia, and worker exposure for each exposure 

scenario.  The risk to workers is estimated by an MOE, which determines how close the occupational 

exposure comes to the NOEL that has been determined from animal studies. For workers entering 

treated crops, re-entry periods are calculated to determine the minimum length of time required before 

workers or other personnel can enter the treated site. 

Workers may be exposed to parathion-methyl concentrate when opening containers, preparing spray, 

cleaning up spills and maintaining equipment. Exposure to the diluted products can occur during spray 

application and maintenance operations. Re-entry workers, harvesters and workers handling harvested 

fruit may be exposed to parathion-methyl and its metabolites. 

The vapour pressure of parathion-methyl is 1.3 x 10
-3 

Pascals (low). Parathion-methyl products 

registered in Australia are either EC or ME formulations.  Hence, inhalation exposure to vapour is not 

likely to be significant.  Occupational exposure to parathion-methyl is considered to be mainly through 

skin contamination, although inhalation of spray mist is also possible. 

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. 

The main hazards of repeated exposure to parathion-methyl are cholinesterase inhibition and peripheral 

neuropathy. One- and two-year rat studies demonstrated myelin bubbling, formation of myelin ovoids 

and Schwann cell proliferation in the proximal sciatic nerve—these symptoms were observed at doses 

below those which caused cholinesterase depression. The NOEL established for neuro-pathological 

effects in a one-year rat study was 0.02 mg/kg bw/day. Other studies established NOELs of 

0.1 mg/kg bw/d and 0.5 mg/kg bw/day for depression of plasma and brain cholinesterase and 

depression of RBC cholinesterase, respectively. In the interim review report (APVMA 1999), the NOEL 

of 0.02 mg/kg bw/day based on neuro-pathological effects was used in the calculation of MOE. New 

toxicological data provided by the registrant has not altered the conclusion of the OCS that this is the 

most appropriate NOEL for the OHS risk assessment.  This supplementary risk assessment therefore 

used the same NOEL for calculating risk to workers. As the selected NOEL was established in 

experimental animals, values for MOE of approximately 100 or more are generally considered 

acceptable (in terms of risks to workers), in order to account for intra-species (10x) and inter-species 

(10x) variability. 

A ME formulation of parathion-methyl (CS 240 g/L, identical to a registered parathion-methyl 

formulation) demonstrated low oral and dermal toxicity (LD50 >5000 mg/kg).  The product did not cause 

skin or eye irritation in rabbits or skin sensitisation in guinea pigs.  The OCS toxicology report indicated 

that, due to the lack of stability data on the ME formulation, possible increases in acute toxicity for 
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‘aged’ compound or product could not be assessed. The toxicity of both types of formulations (EC and 

ME) is therefore considered similar. 

Values for the MOE were calculated for mixer/loaders and applicators using the exposure values 

obtained in the worker exposure studies. These studies provided the total absorbed dose; hence a 

dermal absorption factor was not required. 

For workers entering treated crops for various agronomic activities, MOEs were also determined using 

the exposure values computed from the DFR studies. A dermal absorption factor was used to calculate 

the total absorbed dose from these dermal exposure values. 

No data were available on the dermal penetration of parathion-methyl in animals or humans.  As the 

NOELs from oral and dermal studies were similar (NOEL for dermal effect was extrapolated from the 

dermal LOEL, see Section 1), the OCS concluded that a dermal absorption factor of 100% was more 

appropriate.  

Further, as mentioned in the interim report, the rate of release of the active ingredient from the ME 

formulation following skin contamination is unknown.  The chemical is not released from wet or damp 

capsules. It may be available for dermal absorption approximately one hour after coming in contact with 

skin (when capsules dry). It is not possible to deduce what impact this may have on the availability (for 

dermal absorption) of the 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 on ME formulation, this assessment uses the same dermal absorption 

rate for both EC and ME formulations of parathion-methyl. 

Risk to workers involved in mixing/loading and applying parathion-methyl  

The MOEs for workers mixing/loading parathion-methyl products using closed- or open-pour systems 

and for workers applying the diluted product by ground application method are given in Table 15. The 

MOEs were low for all activities indicating high risk of exposure to workers performing these tasks. 

Closed mixing/loading did not afford any extra protection to workers.  As the absorbed doses were 

calculated from biomonitoring studies, it is not possible to estimate the contribution of dermal or 

inhalation exposure to the total exposure. 

Exposure values obtained in the studies were expressed as mg/kg ai handled. These values were 

standardised to Australian application rates (mg/kg bw/day), taking into account the amount of active 

ingredient handled by Australian workers per day (see Table 7 for details). It should be noted that in 

these studies, exposures were determined for workers wearing the full protective personal equipment 

that was prescribed on respective product labels. In the study where applicator exposure was 

determined, workers wore extra protective personal equipment (chemical resistant apron and rain hat). 

The MOEs were, however, still unacceptable (Table 15). 
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Table 15: MOEa for workers mixing/loading (for aerial and ground application) and applying 

parathion-methyl to broadacre crops (ground application) 

ACTIVITY STUDY NO. ABSORBED  

PARATHION-METHYL  

(mg/kg bw/day) 

MOE 

MIXING/LOADING 

Mixing/Loading (Open – EC) 5963; 5964; 5968 0.000683b 29 

Mixing/Loading (Open – ME) 5983 

0.001079b 19 

0.000223c 90 

Mixing/Loading (Closed – EC) 5964; 5967 0.000662c 30 

APPLICATIONe 

Applicator (ME) 5980 0.000473d 42 

a MOE=NOEL (mg/kg bw/day)  mean dermal absorbed dose (mg/kg bw/day) – see Table 7 

b PPE worn was long-sleeved shirt and trousers underneath coveralls, socks and rubber boots, protective gloves, 

goggles and dust/mist filtering respirator 

c PPE worn was long-sleeved shirt and trousers underneath coveralls, socks and rubber boots, protective nitrile gloves, 

face shield, dust/mist filtering respirator, chemical resistant apron and rain hat.  

d PPE worn was coveralls over long-sleeved shirt and long trousers, waterproof gloves, chemical resistant footwear 

plus socks, protective eyewear, chemical-headgear for overhead exposure and a dust/mist filtering respirator.  

e Ground application 

Results obtained from the exposure studies were also seen in exposure estimates obtained from PHED 

modelling (Table 16). MOEs were low for mixer/loaders using EC as well as ME formulations of 

parathion-methyl. Closed mixing/loading systems produced better MOEs than those for the open 

system; however, the MOEs were still unacceptable. 

For applicators, the MOEs were low for the EC formulation when compared to those for ME formulation. 

An extra layer of clothing (protective overalls) further improved MOEs; however, they were still 

unacceptable. 
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Table 16: Margin of exposure (MOEa) for workers mixing/loading (open and closed systems) and 

applying parathion-methyl to broadacre crops (PHED estimates) 

FORMULATION TASK PPE TOTAL ABSORBED DOSE 

(mg/kg bw/day) 

MOE 

Emulsifiable 

concentrate 

(EC) 

Open 

Mixing/loading 

 

LP, LSS, G 0.197 <1 

PO, LP, LSS, G 0.167 <1 

Closed 

Mixing/loading 

LP, LSS, G 0.175** <1 

PO, LP, LSS, G 0.01 2 

Boom application LP, LSS, G 0.013 1.6 

PO, LP, LSS, G 

 

0.003 6.8 

Micro-

encapsulated 

(ME) 

Open 

Mixing/loading 

LP, LSS, G 0.024 <1 

PO, LP, LSS, G 0.016 1.3 

Closed 

Mixing/loading 

N/A N/A N/A 

Boom application LP, LSS, G 0.004 5 

PO, LP, LSS, G 0.0007 29 

PO=Protective overalls; LP=Long pants (trousers); LSS=Long sleeve shirt; G=Gloves.  

a MOE (Margin of exposure)=NOEL (0.02 mg/kg/day)/total absorbed dose.  

Total absorbed dose= total exposure per kg ai handled x 80 kg ai handled* /70 (kg bw) x 1000 (mg).  

* Average amount of ai handled per day (adopted from exposure studies submitted by the applicant)  

** For closed mixing/loading (for aerial application), the ai handled/day was taken as 560 kg.  

N/A - Not available 

Risk to re-entry workers 

Biomonitoring and DFR studies were conducted to estimate safe re-entry periods for workers entering 

crops treated with parathion-methyl. DFR values can be used to estimate dermal exposure of workers 

entering treated fields, provided transfer coefficients corresponding to various agronomic activities are 

available. Alternatively, transfer coefficients can be calculated from exposure data generated from 

worker studies. The transfer coefficients calculated from these data can then be used to estimate 

dermal exposure from the DFR values. 

Three crops (apple, sweet corn and cotton) were treated with parathion-methyl products as per the 

prescribed label rates. Either the DFR were measured in these crops for up to 35 days, or the amount 

of parathion-methyl absorbed by workers carrying out high-risk re-entry activities was measured. MOE 

were calculated from absorbed parathion-methyl doses or from the DFR data using transfer coefficients 

appropriate for the respective post-application activities in apple, sweet corn and cotton crops. 
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Apple crops 

In the DFR studies in apple crops, the EC formulation dissipated much faster than the ME formulation 

(Table 9). This is also evident from the low MOEs for the ME formulation up to day 28 (Table 17).  For 

EC formulation, the MOE for crop tending improved considerably by day 2 and reached acceptable 

levels, whereas for the ME formulation, the risk to re-entry workers remained unacceptable after up to 

four weeks. For harvesting and thinning activities, the MOE for both EC and ME formulations were 

unacceptable for the period tested. 

For harvesting and thinning operations, the MOE remained unacceptable for the observation period for 

both formulations. 

Table 17: Margin of exposure (MOE1) for re-entry activities determined from dislodgeable foliar 

residues (DFR) after application of two different products of parathion-methyl  on 

apples and using generic2 transfer coefficients for apple crops. 

DAA3 
PARATHION-METHYL  500 g/L EC PARATHION-METHYL  450 g/L ME 

TENDING CROPS HARVEST THINNING TENDING CROPS HARVEST THINNING 

-1 - - - 1.3 <1 <1 

0 <1 <1 <1 <1 <1 <1 

1 4.2 0.7 <1 <1 <1 <1 

2 11.7 2.0 <1 <1 <1 <1 

3 50 7.7 29 1.0 <1 <1 

5 - - - 1.0 <1 <1 

7 - - - 2.0 <1 <1 

10 - - - 2.0 <1 <1 

14 - - - 3.0 <1 <1 

28 - - - 9.5 1.5 <1 

35 - - - 22.2 4.0 1.5 

1 MOE = NOEL (mg/kg bw/day)  mean dermal absorbed dose (mg/kg bw/day) – see Table 9 

2  Based on transfer coefficient values adopted from the US Occupational Post-Application Risk Assessment Calculator 

(Section 3.2.4) 

3  DAA – Days after application of parathion-methyl ; -1 refers to 1-day pre-application. 

Sweet corn crops  

In a biomonitoring study in sweet corn, a MOE of 7 was obtained for workers hand-harvesting corn four 

days after the last application of ME formulation (calculated from data in Table C5), indicating that the 

risk to re-entry workers is unacceptable for four days after application.  Since the study measured 

worker exposure only on a single occasion (day 4), it is not possible to determine a safe re-entry period 

from the monitoring data reported in the study. 

The MOEs for workers entering treated corn crops were also calculated from parathion-methyl residue 

data obtained from two DFR studies (one conducted at two different sites but with same batch of 

Penncap-M and the other conducted at one site but with two different batches of Penncap-M). The 

results are presented in Table 18. 
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The MOE were generally higher when calculated transfer coefficients were used rather than generic 

transfer coefficients. The safe re-entry period for hand harvesting and irrigation/scouting varied greatly 

between two batches of Penncap-M and between the two sites.  Generally, the safe re-entry period was 

2–10 days after application of the ME formulation. 

Cotton crops 

In a biomonitoring study in cotton, an MOE of 25 was obtained for workers engaged in cotton scouting 

four days after the last application (calculated from data in Table 7), indicating that the risk of re-entry to 

workers is unacceptable for up to four days after application.  Since the study measured worker 

exposure only on a single occasion (day 4), it is not possible to determine a safe re-entry period from 

the biomonitoring data reported in the study. 

The dissipation rate for the ME formulation is expected to be lower than that for the EC formulation. A 

comparison of the DFR data after application of the ME and EC formulations of parathion-methyl 

showed that the rate of dissipation on day 1 after application was around 60–70% for the ME and 

around 90–99% for EC (see Figure 1 below). However, by day three, the DFRs were almost similar for 

the two formulations.  

Figure 1: Dissipation rate of ME and EC formulations of parathion-methyl. 
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When the transfer coefficient calculated from the cotton biomonitoring study (4.4 g/cm
2
) was used to 

calculate the MOE for re-entry workers, high MOEs were obtained from day 2 onwards for ME 

formulation and from day 1 onwards for the EC formulation. 

The two DFR studies also showed similar trends in the rate of parathion-methyl dissipation for EC and 

ME formulations of parathion-methyl, and therefore gave different MOE for re-entry (based on 
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calculated transfer coefficients, Table 19).  For the ME formulation, a safe re-entry period of two days 

was indicated for irrigation and scouting; whereas for the EC formulation, day 1 appeared to be a safe 

time for re-entry for these activities.  
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Table 18: Margin of exposure (MOE) for re-entry activities determined from the DFR values following application of ME formulation of parathion-methyl on 

sweet corn and using calculated2 and generic3 transfer coefficients (TC) for sweet corn1 

 

DAA4 

SITE 1 SITE 2 BATCH 1 BATCH 2 

CALCULATED 

TC2 

GENERIC TC3 CALCULATED 

TC2 

GENERIC TC3 CALCULATED 

TC2 

GENERIC TC3 CALCULATED 

TC2 

GENERIC TC3 

HH5 I/S HH HH I/S HH Hh I/S HH HH I/S HH 

-1 - - - - - - - - - - - - 

0  - - - 14 <1 <1 25 <1 <1 27 <1 <1 

1  82 1.7 <1 18 <1 <1 42 <1 <1 39 <1 <1 

2  1000 19.2 <1 27 <1 <1 100 1.0 <1 75 <1 <1 

3  - - - 31 <1 <1 143 1.5 <1 63 <1 <1 

4  - - - - - - - - - 79 <1 <1 

5 - - - 69 1.5 <1 250 2.6 <1 100 10.5 <1 

7 - - - 80 1.7 <1 4000 40.0 3.0 1111 11.5 <1 

10 - - - 250 5.3 <1 8333 100.0 5.0 3333 33.3 2.0 

14 - - - 400 8.3 <1 - - - 869 9.1 <1 

28 - - - 690 14.3 <1 - - - 13333 200 8.3 

35 - - - - - - - - - 18180 200 10.5 

1 DFR values from two different studies are presented. One study applied parathion-methyl at two different sites and one study applied two different batches of parathion -methyl  product at 

one site. 

2 Based on calculated transfer coefficient (TC) of 11 cm
2
/h for hand harvesting of sweet corn (Table 10) 

3Based on Transfer coefficients values adopted from US Occupational Post-Application Risk Assessment Calculator (US EPA Policy 003.1)  

4 DAA – Days after application of parathion-methyl; -1 refers to 1-day pre-application. 

5 HH – Hand Harvesting; I/S – Irrigation/Scouting 

MOE=NOEL (mg/kg bw/day)  mean dermal absorbed dose (mg/kg bw/day) 
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Table 19: Margin of Exposure (MOE) for re-entry activities determined from the DFR values following application of two different formulations of 

parathion-methyl in cotton crops and using calculated2 and generic3 transfer coefficients (TC) for cotton 

 PENNCAP-M ME INSECTICIDE PARATHION-METHYL 4EC 

DAA4 SITE 1 SITE 2 SITE 3 SITE 1 SITE 2 SITE 3 

 
CALC 

TC2 
GEN TC3 

CALC 

TC2 
GEN TC3 

CALC 

TC2 
GEN TC3 

CALC 

TC2 
GEN TC3 

CALC 

TC2 
GEN TC3 

CALC 

TC2 
GEN TC3 

 HH I/S HH HH I/S HH HH I/S HH HH I/S HH HH I/S HH HH I/S HH 

-1 - - - - - - - - - - - - - 250 15 - 15 9.5 

0 25 <1 <1 16 <1 <1 17 <1 <1 8696 250 15 48 <1 <1 19 <1 <1 

1 50 <1 <1 60 <1 <1 45 <1 <1 154 <1 <1 3636 10 6 153 <1 <1 

2 118 <1 2 286 <1 <1 - - - 385 1.0 <1 6667 22 13 2820 8 5 

3 143 <1 3 1000 3 3 385 1.1 <1 2000 5.7 3 6667 22 13 4348 12.5 8 

4 - - - 3333 9.5 6 540 1.6 <1 4762 13.3 8 6667 22 13 4444 12.5 8 

5 29 <1 <1 - - - - - - 4762 14.3 8.7 5880 20 12 5880 16.7 10.5 

7 667 2 1.2 - - - - - - 6667 20 11 - - - 5880 16.7 10.5 

10 5000 15 9 - - - - - - 11111 33 18 - - - 11110 33 18 

13 - - - - - - - - - - - - - - - 6580 20 12 

14 - - - - - - - - - - - - - - - - - - 

28 - - - - - - - - - - - - - - - - - - 

1 DAA – Days after application of parathion-methyl; -1 refers to 1 day pre-application. 

2 Based on Calculated TC of 4.4 cm
2
/h for hand harvesting of cotton (Table 12) 

3 Based on Transfer coefficients values adopted from US Occupational Post-Application Risk Assessment Calculator (US EPA Policy 003.1)  

HH – Hand Harvesting; I/S – Irrigation/Scouting 

MOE=NOEL (mg/kg bw/day)  mean dermal absorbed dose (mg/kg bw/day) 
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3.2.6 Summary and conclusions 

Cheminova sponsored biomonitoring and DFR studies in Scotland, Denmark, France and the USA.  

The validation and metabolic studies were carried out by Inveresk Research in Scotland. Study 

protocols were adopted from the US EPA Occupational and Residential Exposure Test Guidelines and 

the Organization for Economic Cooperation and Development (OECD) Guidelines and were approved 

by the APVMA and NOHSC.  EC and ME formulations were used in the studies.  The products used in 

the studies are similar to the parathion-methyl products registered in Australia. 

Biomonitoring studies were conducted for the following work practices: 

 mixer/loaders in ground and aerial application using EC formulation (open and closed 

mixing/loading) 

 mixer/loaders in aerial application using ME formulation (closed mixing/loading) 

 applicators using ME formulation using an open cab in a potato crop 

 hand harvesting sweet corn (re-entry study) 

 cotton scouting (re-entry study). 

Biomonitoring of the worker exposure to parathion-methyl was conducted by measuring the excretion of 

para-nitrophenol (PNP) in the urine of workers handling parathion-methyl products.  Biomonitoring 

studies have certain limitations.  The pharmacokinetics of the chemical of interest must be known and 

fully understood so that the appropriate excretion pathway as well as the time periods for monitoring 

can be chosen. As the applicators are often exposed to the same pesticide repeatedly, proper 

interpretation of urine data is difficult unless the pesticide is excreted fairly rapidly or multiple dosing and 

overlapping excretion patterns are well understood.  Further, biological monitoring studies do not allow 

assessment of the contribution of dermal and inhalation exposure to the total exposure. This can be 

important in recommending appropriate PPE to reduce worker exposure.  

The estimation of urinary PNP in the present studies overcomes some of the shortcomings of the 

biological monitoring as the pharmacokinetics and excretion pattern of PNP are well known. Cheminova 

has also submitted results of two studies conducted to validate the analytical method for the 

determination of PNP in human urine after a single oral administration of parathion-methyl  (Appendices 

C1 and C2). 

Due to the lack of separate estimates for dermal and inhalation exposure in the biomonitoring studies, 

this review assumed that total exposure occurred through the dermal route. 

For exposure during re-entry to treated fields, the OCS used generic transfer coefficients (section 3.2.4) 

as well as those calculated from the biomonitoring studies. Transfer coefficients obtained from the 

biomonitoring studies were significantly different from the generic transfer coefficient values for similar 
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post-application work practices. This is probably due to the assumptions employed in calculating 

transfer coefficients, such as the dermal absorption factor and time spent for each activity. Dermal 

exposure estimated using the calculated transfer coefficients were generally low, resulting in higher 

values for MOE. 

Overall, the study results are considered adequate for use in the OHS risk assessment.  As there are 

no separate dermal or inhalation exposure estimates, the risk assessment was conducted using the 

total absorbed parathion dose (based on excreted PNP in the urine of workers) standardised for the 

amount of active ingredient handled by Australian workers. 

3.2.7 Review outcomes 

Mixing/loading 

Issues identified in the interim report 

Results from surrogate data and exposure modelling using the Predictive Operator Exposure Model 

(POEM)) from the interim assessment (APVMA 1999) indicated: 

Unacceptable MOE for open mixing/loading for ground application when wearing gloves and two 

layers of protective clothing. Unacceptable MOE for mixing/loading for aerial application by both 

open and closed methods when wearing full personal protective equipment.  

Conclusions from exposure modelling (PHED) 

PHED estimates of exposure during mixing/loading and application gave unacceptable MOEs for the 

EC formulation, with or without protective overalls (Table 16). For the ME formulation, MOEs were 

unacceptable for mixing/loading for ground application even with extra PPE (chemical resistant apron). 

However, adequate MOEs were estimated for workers applying the ME formulation when they wore 

protective overalls. 

Conclusions from new studies 

Biomonitoring studies were carried out for workers mixing/loading EC and ME formulations of parathion-

methyl for ground and aerial applications in open and closed systems. 

Unacceptable MOEs were determined for workers mixing/loading in open and closed systems when 

wearing the PPE prescribed on the product labels (see Table 15). 
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Spray application 

Issues identified in the interim report 

No measured data were available for exposure during application. For spray application (all crops), 

MOEs obtained from POEM estimates for workers wearing gloves and overalls in closed cabs were 

unacceptable. 

Conclusions from new studies 

A biomonitoring study was carried out for workers applying an ME formulation of parathion-methyl to a 

potato crop using a boom sprayer with an open-cab tractor.  Workers wore coveralls over a long-

sleeved shirt and trousers, waterproof gloves, chemical resistant footwear plus socks, protective 

eyewear, chemical-headgear for overhead exposure and a dust/mist filtering respirator. 

Unacceptable MOEs were determined for workers applying parathion-methyl products by ground 

application methods using a boom sprayer (see Table 15). 

Re-entry studies 

ISSUES IDENTIFIED IN THE INTERIM REPORT 

The re-entry period for EC formulations of parathion-methyl of two to five days was found to be 

inadequate.  There were insufficient data to revise this period. 

Limited foliar residue and worker exposure data indicated that the re-entry period for ME formulations 

are longer than for EC formulations.  However, there were insufficient data to set a safe re-entry period 

for ME formulations. Additional worker re-entry data were sought in order to establish a safe re-entry 

period for ME formulations.  A 14-day re-entry period was recommended for both EC and ME 

formulations in the interim report, which is consistent with the recommendation made for parathion 

ethyl. 

CONCLUSIONS FROM NEW STUDIES 

Biomonitoring was conducted for workers entering corn crops (for harvesting) and cotton crops (for 

scouting) treated with parathion-methyl formulations. DFR measurements of parathion-methyl and its 

metabolites were carried out in apple, sweet corn and cotton. 

Biomonitoring studies estimated worker exposure only on day 4 (one day only), following product 

application. The MOE for both sweet corn harvesting and cotton scouting on day 4 were unacceptable. 

As exposure was not measured on the following days, it was not possible to estimate a safe re-entry 

period from these studies. 
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DFR studies using EC and ME formulations of parathion-methyl showed different trends in the rate of 

parathion-methyl dissipation and therefore gave different re-entry intervals. For apples, safe re-entry 

periods of two days for tending to crops and five days for harvesting were noted for the EC formulation 

and safe re-entry periods of more than 28 days were noted for the ME formulation.  

In sweet corn, safe re-entry periods for the ME formulation were between 2 and 10 days when transfer 

coefficients calculated from exposure studies were used. The EC formulation was not tested on sweet 

corn. In cotton crops, a safe re-entry period of one day for harvesting was noted for the EC formulation 

and a safe re-entry period of two days was noted for the ME formulation. 

Recommendations 

The following recommendations are made as a result of the new studies assessed in this report. These 

replace OHS recommendations in the interim report for these applications. 

MIXING/LOADING PARATHION-METHYL PRODUCTS 

The OCS recommends that the APVMA NOT be satisfied that continued use of products containing 

parathion-methyl in EC or ME formulations (as listed in Section 1) in accordance with current label 

instructions would NOT be an undue hazard to the safety of workers. 

The OCS is unable to recommend any variation to the label instructions which would reduce worker 

exposure to acceptable levels during mixing/loading for aerial or ground applications. 

BROADACRE CROP APPLICATIONS 

The OCS recommends that APVMA NOT be satisfied that continued use of products containing 

parathion-methyl in EC or ME formulations (as named in Section 1) in accordance with current label 

instructions would NOT be an undue hazard to the safety of workers. 

The OCS is unable to recommend any variation to the label instructions which would reduce worker 

exposure to acceptable levels during application to broadacre crops by ground equipment. 

ORCHARD CROP APPLICATION 

Insufficient data were provided for exposure to parathion-methyl during orchard application (only re-

entry data). The OCS is unable to recommend any variation to the label instructions, which would 

reduce worker exposure to acceptable levels during application by ground equipment. 
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RE-ENTRY TO TREATED CROPS 

Although sufficient data were provided to establish safe re-entry interval for apple, sweet corn and 

cotton crops, worker exposure during mixing/loading and application is not supported, and therefore no 

re-entry intervals are recommended. 

3.3 Environment 

The environmental assessment for the review of parathion-methyl was undertaken by the then 

Department of the Environment, Water, Heritage and the Arts (DEWHA), now the Department of 

Sustainability, Environment, Water, Population and Communities (DSEWPaC) who considered all the 

environmental data and information submitted for the review.  

3.3.1 Conclusions from the interim report 

Parathion-methyl is very highly toxic to aquatic invertebrates, birds and mammals. It is considered a 

‘soft chemical’, and it is used in cotton, orchards and vegetables to control a range of insects, including 

aphids, caterpillars, Helicoverpa spp. and other moths and butterflies, mites, weevils, jassids and scale. 

Parathion-methyl is an integral part of IPM programs, especially in the stone and pome fruit industries. 

Parathion-methyl readily degrades in natural systems, with the first half-life of approximately one day in 

aqueous conditions, both aerobic and anaerobic. It degrades in soil, but the process is slower, with a 

half-life of 4.7 days. Parathion-methyl is moderately bound to soil and together with the rapid 

degradation is not expected to leach.  

Parathion-methyl is sufficiently volatile to have a fumigant effect, and volatilisation is expected to be a 

significant method of loss, particularly from foliage. When it deposits on soil, parathion-methyl will be 

bound to the soil, and volatilisation is limited. Once volatilised, it is expected that most of the volatilised 

material will be degraded or redeposited. Degradation in the air from exposure to ultraviolet radiation is 

fast, with a calculated half-life of less than one day. 

The chemical is very highly toxic to birds, mammals and aquatic invertebrates. Its toxicity to birds 

decreases when it is incorporated into the diet; therefore, the environmental toxicity depends on the 

route of exposure. Birds and mammals are not expected to be significantly exposed to the chemical 

unless they enter an area recently sprayed. However, the direct application of parathion-methyl to 

aquatic systems is expected to significantly affect aquatic invertebrates and must be avoided.  

Spray drift from aerial applications present a very significant hazard to aquatic invertebrates and at 

considerable distance from the site of application. A buffer zone or in-crop buffer is highly desirable, as 

given in the recently launched Best Management Practices Manual for Cotton Growers, which currently 

suggests a downwind buffer of 300 metres for aerial applications. While this would significantly reduce 

the hazard to environmentally sensitive areas, additional measures such as vegetative buffers are 

required to reduce the hazards to more acceptable levels. Until such measures are implemented 
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through the cotton industry as standard practice, aerial application of parathion-methyl is likely to cause 

significant impacts on sensitive aquatic organisms to 400 metres from the application site.  

Also, it is clear from the efficacy report that parathion-methyl is used by the cotton industry as mixtures 

with other insecticides as an ‘efficacy restorer’. This use of parathion-methyl as a ‘efficacy restorer’ is 

expected to increase the hazard, and DSEWPaC has considerable concerns about such uses. 

In conclusion, and taking into account the unknown effects of applications of mixed insecticides, 

DSEWPaC cannot rule out that an unacceptable hazard exists through aerial application of parathion-

methyl in the current fashion, due to both possible direct overspray and spray drift.  

While there have been no reports of any actual aquatic mortality incidents, the reports of bee deaths are 

a clear indication that unacceptable spray drift can occur. Continuation of this practice is thus difficult to 

defend, although a ban at this stage would lead only to the greater use of equally toxic and more 

persistent insecticides in cotton. Aerial application of parathion-methyl should be phased out as less 

toxic chemicals become available. 

In the mean time the recommendations in the Best Management Practices Manual for Cotton Growers 

should be implemented as soon as possible to help minimise the impacts of continued usage of 

parathion-methyl in the cotton industry. Information on spray drift from mixed applications should also 

be provided. 

Calculations for the spray drift from conventional high-volume orchard air-blast equipment shows there 

is a high hazard to daphnia at 50 metres away in shallow water at the highest rate (1 kg ai/ha) and that 

hazard decreases to acceptable levels only at 100 metres away. For the more sensitive aquatic 

invertebrates, the hazard extends to 200 metres. After 24 hours, there is still likely to be significant 

effects on these sensitive aquatic invertebrates 50 metres away, particularly at the highest rate. Effects 

on the most sensitive organisms 50 metres away are still likely after two days at the highest rate but 

unlikely at the lowest rate. 

Parathion-methyl has been used for the past 30 years, and large numbers of aquatic invertebrates are 

likely to have been affected during this time. While the calculations clearly show that the hazard to 

sensitive organisms is high, past exposure of these aquatic organisms may be expected to have 

resulted in the current populations being more tolerant to parathion-methyl. Considering the above, and 

that the most sensitive subpopulations are likely to have already been significantly affected, it is 

recommended that the label rate be reduced to less than 650 g ai/ha, which corresponds to 2000 L/ha 

for application dilutions of 65 mL per 100 L. 

For orchards (especially citrus) with very large trees, where a higher application volume could be 

required, it is considered that the last three downwind rows should not be sprayed to provide an in-crop 

buffer, thereby limiting the environmental damage. This is based on evidence from citrus orchards 

indicating these rows are largely responsible for the majority of the spray drift. 
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Modern low-volume and ultra-low volume equipment used by some growers is of concern due to the 

higher potential for spray drift from the small droplet size used. DSEWPaC does not have data for the 

spray drift from such equipment, and further information is required before a conclusion about the 

hazard to aquatic organisms from such equipment can be determined. 

A potential hazard exists from use of parathion-methyl, but this hazard is lower than with parathion, a 

potential alternative chemical for IPM, due mainly to the more rapid degradation and the lower toxicity of 

parathion-methyl. Thus, DSEWPaC considers that parathion-methyl should be used in IPM whenever 

possible. 

A recovery period is required to minimise the impact of repeated applications, especially as parathion-

methyl may be used up to eight times a season. As parathion-methyl is most likely to affect aquatic 

invertebrates, a minimum recovery period of at least 14 days between applications is desirable. 

Due to the very limited spray-drift hazard that occurs with use of boom-sprayers, which are normally 

used for vegetable crops, application use of parathion-methyl in vegetable crops is acceptable to 

DSEWPaC. 

Due to possible chronic effects from use of the ME formulations and the possible increase in use likely 

for these formulations, DSEWPaC cannot support further expansions in use until additional studies are 

done on the metabolism and degradation of these formulations. Aerial application is also considered to 

be too hazardous until additional information is presented. 

3.3.2 Supplementary data assessment 

The following brief report incorporates the additional information and comments received from 

registrants and other stakeholders in response to the environmental recommendations in the interim 

report on parathion-methyl published by the then NRA in March 1999.  

The interim regulatory measures for parathion-methyl included the following matters in relation to the 

environment: 

1. Aerial application required the use of suitable spray drift minimisation strategies, such as large 

droplet placement technology and other measures, to limit environmental exposure. 

2. A number of label statements concerning disposal and protection of the environment were to be 

incorporated by 31 December 1999. 

3. The following data were to be generated and forwarded by 30 June 2002: 

 environmental toxicity data relevant to Australian aquatic invertebrate species 
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 where low-volume application equipment is used, information on the actual application rates, 

dilutions needed for each crop, droplet size and potential for spray drift from the equipment was 

required for assessment 

 data were required on the environmental effects (representative data on toxicity to aquatic 

invertebrates) of tank mixing with other anti-cholinesterase compounds. Tank mixing was 

allowed in the interim period subject to the provision of the above data within the agreed 

timeframes. 

This brief report assesses the information provided in response to the above requirements. However, as 

the aquatic toxicity results had implications for DSEWPaC’s original hazard assessment, this has also 

been revised where it is relevant. 

Aquatic toxicity data on the effects of tank mixing with other anti-cholinesterase 
compounds 

On this aspect results of testing conducted on the Australian native cladoceran Ceriodaphnia dubia 

have been provided (Stauber and Binet 2000). As well as parathion-methyl, testing was conducted on 

the synthetic pyrethroid, -cyfluthrin and the organophosphate, profenophos. These are active 

ingredients present in the products Folidol M, Bulldock and Curacron respectively. All are widely used 

on cotton for heliothis control, with the latter two often mixed with Folidol M. Thus combination toxicity in 

the ratios of 1:1 parathion-methyl:profenophos and 50:1 parathion-methyl:-cyfluthrin (nominally, but 

actually 2.5:1 and 136:1) was also investigated. 

With some minor modifications, the 48-hour immobilisation tests were carried out according to US EPA 

protocols at 25ºC and using photoperiods of 16 hours of light, 8 hours of darkness. For each pesticide 

and mixture a range finding test was conducted to determine the appropriate concentrations for use in 

the definitive test. Five to six concentrations of actives or the mixtures dissolved in synthetic softwater 

were tested in each bioassay. Synthetic softwater control and the reference toxicant copper (1–10 g/L) 

were also tested, with the toxicity tests accepted if the EC50 for copper fell within the acceptable range 

of 4.2  2.1 g/L.  

Five neonates, each less than 24 hours old, were added to each 50 mL polycarbonate vial containing 

15 mL of test solution. Four replicates were used for each concentration and control, giving a total of 20 

organisms per test concentration. An additional replicate was used for measuring water quality 

parameters including pH, dissolved oxygen and conductivity at the beginning and end of the test. The 

number of immobile Ceriodaphnia was recorded after 24 and 48 hours.  

Toxicity data were arcsine transformed if necessary prior to calculation of the endpoints. The 48-hour 

EC50 value was calculated using Trimmed Spearman Karber analysis in ToxCalc Version 5.0.14. After 

testing the data for normality and homogeneity of variance, Dunnett’s Multiple Comparison Test was 

used to determine which treatment concentrations were significantly different in order to estimate the 

lowest observed effect concentration (LOEC) and no observed effect concentration (NOEC). 
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Results for the individual actives are summarised in Table 20. 

Table 20: Toxicity results (in g/L) for individual actives  

ACTIVE NOMINAL 

CONCENTRATIONS 

ACTUAL CONCENTRATIONS* EC50  

(95% CI) 

NOEC 

Parathion-methyl 0.06, 0.18, 0.54, 1.6, 4.8, 14 0.05/0.06, 0.22/0.14, 0.30/0.32, 

1.3/0.89, 4.2/3.9, 7.9/5.3 

0.47 (0.37-

0.61) 

0.36 

Profenophos 0.01, 0.03, 0.09, 0.26, 0.79 0.04/<0.02, 0.03/0.02, 

0.07/0.08, 0.30/0.21, 0.86/0.40 

0.10 (0.08-

0.13) 

0.07 

-Cyfluthrin 0.0009, 0.0026, 0.0078, 

0.023, 0.07 

All below the limit of 

quantitation (0.05) except the 

highest concentration on day 2 

0.015 (0.008-

0.029) 

0.0026 

* day 0/day 2 results 

Measured concentrations of parathion-methyl on day 0 were 55–122% of the expected concentrations, 

with significant losses occurring at the highest concentrations. At the end of the test, concentrations 

were generally lower than the initial concentrations, which appears to be consistent with parathion-

methyl ’s low stability in water. It was not possible to take these losses into account, and therefore 

measured concentrations on day 0 were used to calculate end points. 

In contrast, measured concentrations of profenophos on day 0 agreed well with target concentrations, 

but were 0–50% lower than initial concentrations by the end of the test, which was attributed to 

adsorption to test organisms or containers. Thus, as before, measured concentrations on day 0 were 

used to calculate end points. 

-Cyfluthrin is very insoluble in water, and all measured concentrations were below the limit of 

quantitation, except for the highest concentration (0.08 g/L) on day 2. Therefore nominal 

concentrations were used. The report cautions against this approach and indicates that the EC50 values 

can be regarded as best estimates only because of known issues, such as the propensity for synthetic 

pyrethroids to stick strongly to the walls of test containers. 

Results for the combined toxicity of parathion-methyl and profenophos are summarised in Table 21. 

Although a 1:1 mixture was prepared, analytical testing (GC/MS) showed the concentrations of 

profenophos were lower than expected and the ratio was actually closer to 2.5:1. Measured 

concentrations of both actives were also lower than nominal, and below the detection limits at the end 

of the bioassay. As a result, only the measured concentration at the highest test level and the 

theoretical dilution factor were used to calculate toxicity endpoints.  
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Table 21: Toxicity results for the combined toxicity of parathion-methyl (P-m) and profenophos 

(Pro) 

NOMINAL 

CONCENTRATIONS 

DAY 0—ACTUAL 

CONCENTRATIONS 

DAY 2—ACTUAL 

CONCENTRATIONS 

EC50 NOEC 

P-M PRO P-M PRO P-M PRO   

0.04 

0.08 

0.21 

0.42 

0.84 

0.02 

0.04 

0.09 

0.18 

0.35 

0.10 

0.10 

0.18 

0.11 

0.80 

<0.02 

<0.02 

0.05 

<0.02 

0.29 

<0.05 

<0.05 

<0.05 

0.06 

0.82 

<0.02 

<0.02 

<0.02 

<0.02 

0.26 

26%*  

(0.21 g/L P-m 

plus  

0.08 g/L Pro) 

10%*  

(0.1 g/L P-m 

plus  

0.04 g/L Pro) 

* Assumes that the highest concentration tested (0.8 g/L parathion-methyl and 0.29 g/L profenophos) is equivalent to 

100% 

In order to determine whether the toxicity of the mixture was lower or greater than the toxicity of the 

individual actives, toxic units (TU), based on the endpoints generated in the individual tests were 

calculated for each. Therefore, the TU for parathion-methyl is 0.47 g/L, and for profenophos 0.10 g/L. 

The toxicity of the mixtures at the highest concentration of these two chemicals are 0.8/0.47 = 1.7 TU 

and 0.29/0.10 = 2.9 TU respectively, or a total of 4.6 TU. The expected toxicity (as %) of the mixture is 

100/EC50 = 4.6 TU (22%). As the measured EC50 is similar at 26%, the authors concluded the toxicity of 

the mixture is additive, but warn that given the analytical problems encountered, the results must be 

interpreted with caution. 

In another way to test for this, the expected toxicity index [LC50(A+B)] of a mixture of two pesticides, A 

and B, can be represented by the expression of Murty (1986) as follows: 

%A in the mixture/LC50A + %B in the mixture/LC50B = 100/LC50(A+B) 

where the %A and %B combine to 100%. For the above mixture with a 2.5:1 ratio, parathion-methyl is 

present at 71.4% and profenophos is present at 28.6%.  

The calculations can be written as: 

  71.4/0.47 + 28.6/0.10 

  = 151.9 + 286 

  = 437.9 

 

therefore,  437.9  = 100/LC50 

  LC50 = 100/437.9 = 0.23 g/L. 

If we accept that the toxicity of the mixture was 26% of 0.8 g/L parathion-methyl and 0.29 g/L 

profenophos, then the estimated LC50 is 0.208 + 0.075, or 0.283 g/L, which is a little lower than 

predicted.  
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Either way, it appears the toxicity of the two organophosphates is additive. There is some support for 

this position in the literature with Bailey et al. (1997) showing additive toxicity for diazinon and 

chlorpyrifos to Ceriodaphnia dubia. Nevertheless, this additive toxicity gives rise to significant 

environmental issues for highly toxic compounds, particularly if both are applied at high rates as is the 

case here (see below). 

Results for the combined toxicity of parathion-methyl and -cyfluthrin are summarised in Table 22. 

Table 22: Toxicity results for the combined toxicity of parathion-methyl (P-m) and -cyfluthrin 

(Cyf) 

NOMINAL 

CONCENTRATIONS 

DAY 0—CTUAL 

CONCENTRATIONS 

DAY 2—ACTUAL 

CONCENTRATIONS 

EC50 NOEC 

P-M CyF P-M CyF P-M CyF 

0.15 

0.49 

1.5 

4.3 

12.9 

0.002 

0.005 

0.01 

0.03 

0.09 

0.2 

0.4 

1.1 

3.7 

11.9 

<1 

<1 

<1 

<1 

<1 

0.1 

0.4 

1.2 

3.5 

11.3 

<1 

<1 

<1 

<1 

<1 

23%*  

(2.7 g/L P-m 

 plus  

0.02 g/L Cyf) 

11%*  

(1.3 g/L P-m 

plus  

0.01 g/L Cyf) 

* Assumes that the highest concentration tested (11.9 g/L parathion-methyl and 0.09 g/L -cyfluthrin) is equivalent to 

100% 

 

Although a 50:1 mixture was prepared, analytical testing (GC/MS) showed the concentrations of 

parathion-methyl were higher than expected, and -cyfluthrin was lower than expected and the ratio 

closer to 136:1. Measured concentrations of parathion-methyl were close to nominal, but all -cyfluthrin 

concentrations were below the limit of detection. Therefore the measured concentration of the stock 

solution (0.09 g/L) and the theoretical dilution factor were used to calculate each nominal test 

concentration. For parathion-methyl, the highest measured test concentration on day 0 and the 

theoretical dilution factor were used to calculate toxicity endpoints.  

The concept of toxic units (TU) was also used—those in the mixture at the highest concentration were 

11.9/0.47 + 0.09/0.015 = 25 + 6 = 31 TU, and the expected toxicity of the mixture was 100/31 = 3%. 

Since the toxicity of the mixture was 23%, which equates to 4.3 TU, the authors conclude that the 

mixture was less toxic than predicted on the basis of their individual toxicities. 

The authors note that the results of this study were complicated by the very low solubility of -cyfluthrin, 

which had to be added in ethanol and it cannot be assumed that the nominal concentrations used were 

correct. A precipitate may have been formed on addition to water, but this was not observed. Further if it 

is assumed all the toxicity shown was solely due to parathion-methyl, it was six times less toxic in the 

mixture than on its own, supporting the conclusion that the pesticides’ interaction was antagonistic.  
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The conclusion of lower toxicity in the mixture is also supported using the expression of Murty (1986): 

%A in the mixture/LC50A + %B in the mixture/LC50B = 100/LC50(A+B) 

For the above mixture in a 136:1 ratio,parathion-methyl is present at 99.3% -cyfluthrin at 0.7%.  

Thus   99.3/0.47 + 0.7/0.015  

  = 211.3 + 46.7  

  = 258 

therefore,  258 = 100/LC50, 

or   LC50 = 100/258 = 0.39 g/L. 

If we accept that the toxicity of the mixture was 23% of 11.9 g/L parathion-methyl and 

0.09 g/L -cyfluthrin, then the estimated LC50 is 2.737 + 0.002, or 2.74 g/L, which is significantly 

lower than predicted. 

RECALCULATION OF AQUATIC HAZARD—AERIAL APPLICATION TO COTTON 

Except for the above result for the native cladoceran Ceriodaphnia dubia, no other environmental 

toxicity data relevant to Australian aquatic invertebrate species has been provided. However, it is noted 

that the EC50 result at 0.47 g/L is significantly more toxic than the end point of 5.8 g/L used for 

Daphnia magna in the interim report, and very close to the result of 0.34 g/L for the mysid shrimp used 

in that report as a surrogate for very sensitive Australian aquatic invertebrates. It is also close to the 

results of EC50 = 0.37 g/L for the daphnid Simocephalus sp. and EC50 = 0.14 g/L for Daphnia magna 

found in the US EPA database (see Table 23 of the interim report). However, the latter were considered 

supplementary tests by the US EPA and could not be used as regulatory end points by DSEWPaC in 

the interim report due to the lack of test details. 

The use of the mysid shrimp result as a surrogate for very sensitive Australian aquatic invertebrate 

species has now been vindicated. Of more concern is that if parathion-methyl is mixed in a 1:1 ratio with 

profenophos, the LD50 is lower still, even though the joint toxicity is additive, as the former is more toxic 

based on the results of Stauber and Binet (2000). For the mixture, the calculated toxicity according to 

Murty (1986) is 50/0.47 + 50/0.10 = 106.4 + 500 = 606.4 = 100/LC50, or LC50 = 100/606.4 = 0.16 g/L.  

The hazard is clearly demonstrated by the use of Table 32 of the interim report, which is reproduced 

below as Table 23 This shows that for the mysid shrimp, confirmed as representing the more sensitive 

aquatic invertebrates, the hazard at the maximum application rate for parathion-methyl alone is high for 

nozzles with fine droplets, for example Micronairs, even after 24 hours of full mitigation and at the 

extreme of the 300-metre buffer included in the cotton Best Management Practice Manual (BMPM). 

While under these conditions hazard is more acceptable for coarser droplets (but only after 24 hours 

mitigation), if we halve the EC50 and double the application rate (assuming a 1:1 mixture of Folidol M 

and Curacron at the maximum rate which DSEWPaC understands is common practice), the quotients 
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show an unacceptable hazard even after 24 hours full mitigation (Q is approximately 2.5 for the US EPA 

defined wetland and about 1.6 for a small Australian river).  

Table 23: Quotient for daphnia and mysid shrimp in water in USA and Australian waters from 

application of parathion-methyl at 1.1 kg ai/ha and for 24 hours later at 290 metres 

NOZZLE TYPES MICRONAIR 

(VDM = 156 µM)  

D2-25  

(VDM = 198 µM) 

D4-45 

(VDM = 263 µM) 

TEST ORGANISMS DAPHNIA MYSID 

SHRIMP 

DAPHNIA MYSID 

SHRIMP 

DAPHNIA MYSID 

SHRIMP 

US EPA defined 

wetland (0.15 m deep) 

3.8 

0.38 

65 

6.5 

11.6  

1.2 

197 

19.7 

0.38 

0.04 

6.4 

0.64 

US EPA defined pond 

(2.0 m deep) 

0.29 

0.03 

4.8 

0.5 

0.87 

0.09 

14.8 

1.5 

0.03 

0.00 

0.48 

0.05 

Australian small river 

(0.3 m deep and 30 m 

wide) 

2.1 

0.2 

36.2 

3.6 

6.24 

0.62 

106 

11 

0.22 

0.02 

3.8 

0.4 

Numbers in bold are values 24 hours later at 290 metres.  

Source: Table 32 of the Interim report. Calculated from US EPA AgDRIFT Tier 2 mo delling. Dark shading is Q > 0.5, 

light shading = 0.1<Q >0.5 and is for 24 hours after application.  

Clearly the regular practice of tank mixing equal quantities of Folidol M and Curacron leads to an 

unacceptable hazard, particularly if fine sprays are produced as occurs with Micronair nozzles, even if a 

much larger buffer zone is employed. A buffer zone greater than 300 metres is also still required if 

larger droplets are used. However, the extent of this buffer cannot be determined without further details 

of what droplet size range is currently being employed. Therefore the industry should clarify what 

progress has been made in the use of suitable spray drift minimisation strategies for aerial application 

to cotton, such as large droplet placement technology and other measures to limit environmental 

exposure, as was required in the interim report. 

The aquatic hazard posed by the mixing of Folidol M and Bulldock is less clear, but any moves to 

reduce the hazard for Folidol M and Curacron mixtures is also likely to lower this. From the Stauber and 

Binet (2000) results, the estimated EC50 for a 136:1 mixture is 2.737 + 0.002 or 2.74 g/L, which is an 

order of magnitude greater than the calculated EC50 of 0.39 g/L. If we lower the former to around 

1 g/L—since the calculated EC50 for a 50:1 mixture is about 0.29 g/L (98/0.47 + 2/0.015 = 208.5+ 

133.3 = 341.8 =100/EC50; EC50 = 100/341.8 = 0.29 g/L)—the hazard using large droplets would seem 

acceptable at 300 metres after 24 hours, but this is not the case for smaller droplets.  

In conclusion the industry should clarify what progress has been made in the use of suitable spray-drift 

minimisation strategies for aerial application to cotton such as large droplet placement technology and 

other measures to limit environmental exposure as required in the interim report. This should also 

include details of the typical spray mixtures currently used, including the quantities of each product. 
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RECALCULATION OF AQUATIC HAZARD—GROUND APPLICATION TO COTTON 

The most likely equipment to be used in application to dryland cotton, from the middle to end of the 

growing season, would be high boom spraying, when parathion-methyl is likely to be applied as a 

mixture at 1.1 kg ai/ha. Table 51 of the interim report is repeated below as Table 24 as it gives the 

concentration and quotients for daphnia and the mysid shrimp in 30 cm deep water.  

Table 24: Estimated concentrations of spray drift from a high boom sprayer using EC formulation 

at 1.1 kg ai/ha in 30 cm deep water together with acute quotient for daphnia and the 

mysid shrimp 

DISTANCE 

IN METRES 

CONCENTRATION IN 

WATER 30 cm DEEP 

µG/L 

QUOTIENT 

DAPHNIA  

EC50 = 5.8 µg ai/L 

MYSID  

EC50 = 0.34 µg ai/L 

5 43.77 7.55 128.74 

10 28.08 4.84 82.59 

25 13.97 2.41 41.09 

50 7.27 1.25 21.38 

100 3.22 0.56 9.47 

150 1.80 0.31 5.29 

200 1.13 0.19 3.32 

Quotient is EEC/EC50. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5.  

Source: Table 51 in the Interim report. Data from US AgDRIFT model.  

Table 24 shows a high hazard close to the spraying operations for both daphnia and mysid. With best 

management, when the BMPM for cotton is used, a spray drift buffer of 100 metres is suggested; but 

even with this buffer, the results show a high hazard to sensitive invertebrates. Even after 24 hours and 

allowing for adsorption and degradation (one tenth of the figures in the table), the hazard to mysid and 

other sensitive aquatic invertebrates remains high and unacceptable at 150 metres (Q = 0.53). This 

would be around Q = 2, if an equal amount of profenophos is mixed in before application and an EC50 of 

around 20 µg/L is assumed.  

However, the AgDRIFT model used is Tier 1 and is based on ultra-low volume applications (fine 

droplets) and therefore may not be typical if applications are made using significantly coarser droplets. 

As noted in the interim report, dryland cotton crops are normally more than 100 metres away from 

natural waterways, at least in the major cotton growing areas in New South Wales, and therefore the 

hazard to aquatic invertebrates is expected to be lower than that indicated in the table. Nevertheless, 

sensitive aquatic organisms could be affected unless spray drift mitigation measures are taken, such as 

large droplets, and the BMPM for cotton is implemented. 
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Use of the European approach, as shown in the Ganzelmeier and Rautmann (2000) tables, the 

Q-values estimated based on the Ceriodaphnia results for parathion-methyl alone and in the mixture 

with profenophos are in the following table. Use of the mysid shrimp results as previously would result 

in Q values intermediate to these. 

Table 25: Estimated concentration of spray drift from boom sprayer using EC formulation at 1.1 

kg ai/ha in 30 cm deep water together with acute quotients for parathion-methyl alone 

and in the mixture with profenophos 

DISTANCE  

(m) 

% DRIFT FOR 

FIELD 

CROPS  

CONCENTRATION 

IN WATER 30 CM 

DEEP 

 (µg/L) 

QUOTIENT 

CERIODAPHNIA EC50  

= 0.47 µg ai/L 

ESTIMATED MIXTURE  

EC50 = 0.20 µG ai/L 

1 3.40 12.47 26.5 62.4 

3 1.16 4.25 9.04 21.3 

5 0.70 2.57 5.47 12.9 

10 0.36 1.32 2.81 6.6 

15 0.24 0.88 1.87 4.4 

20 0.18 0.66 1.40 3.3 

30 0.12 0.44 0.94 2.2 

50 0.07 0.26 0.55 1.3 

100 0.04 0.15 0.32 0.75 

Quotient is EEC/EC50. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5. 

Source: Ganzelmeier and Rautmann (2000) tables.  

These results should be treated with caution due to the use by Ganzelmeier and Rautmann (2000) of 

normal rather than high booms, which used flat fan nozzles that are generally employed for herbicide 

spraying and might be expected to have lower drift than nozzles used for insecticides. Nevertheless, the 

estimates clearly show that the hazard becomes mitigable beyond 50 metres for parathion-methyl 

alone, but exists beyond 100 metres when used in admixture with profenophos. Again this supports the 

case for the use of low drift nozzles, even when applying according to the cotton BMPM. 

RECALCULATION OF AQUATIC HAZARD—ORCHARD APPLICATIONS 

Table 42 of the interim report (copied below as Table 26) contains the Q values for the concentration in 

water after 24 hours, mitigated by X 0.1, as an approximation for 13% to allow for degradation and 

adsorption, for tall trees and for a range of application rates.  
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Table 26: Quotient for daphnia and mysid shrimp after 24 hours allowing for degradation and 

adsorption 

APPLICATION TEST DISTANCE FROM ORCHARD IN METRES 

rate, g.ha-1 Organism 10 25 50 100 150 

1500 daphnia 0.24 0.12 0.05 0.02 0.01 

 mysid 4.5 2.1 0.87 0.30 0.15 

1000 daphnia 0.16 0.081 0.034 0.012 0.006 

 mysid 3.0 1.4 0.58 0.20 0.10 

750 daphnia 0.12 0.06 0.026 0.009 0.004 

 mysid 2.25 1.3 0.44 0.15 0.075 

500 daphnia 0.08 0.04 0.017 0.006 0.003 

 mysid 1.5 0.7 0.29 0.10 0.05 

Dark shading is Q > 0.5, light shading = 0.1<Q >0.5. 

Source: Table 42 of interim report. Data are from US AgDRIFT and are for 30 cm deep water at various application 

rates possible for tall orchards from high-volume spraying 

Based on the mysid result, it was concluded that there could be significant effects on sensitive aquatic 

organisms within 100 metres of a normal orchard that is being sprayed, especially with rates of 1000 g 

ai/ha or more. However, given the steep toxicity curves for parathion-methyl with aquatic invertebrates, 

and that after day 1 the hazard is significantly reduced, the hazard for normal trees was considered to 

be able to be mitigated to an acceptable level by risk management steps, such as label statements, for 

applications at 1000 g ai/ha and less. For large trees with higher application volumes, it was concluded 

the hazard at this rate and above at 100 metres was unacceptable but not at 150 metres away. It must 

be noted that these conclusions were based on results for the mysid shrimp used as a surrogate for 

sensitive aquatic organisms, but that this approach has now been confirmed by the results of Stauber 

and Binet (2000). 

While Table 26 is for trees in full leaf, scale applications are often made when the trees are dormant 

and therefore there is potential for significant increase in spray drift. The rate used for control of scale is 

the highest concentration of 100 mL/100 L. However, as the trees are bare, it is expected that the 

volume of solution applied will be lower than for trees in full leaf (there is a smaller surface area to wet). 

Assuming the volumes applied are between 1000 and 1500 L/ha (advice was that use on scale is at the 

semi-dormant stage, tank mixed with oil and once only) then the maximum rate would be 750 g ai/ha. 

Table 27 (= Table 43 of the interim report) gives the concentration in water 30 cm deep from spraying 

dormant trees at 750 g ai/ha from the AgDRIFT model. 
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Table 27: Estimated concentration of spray drift from orchard air blaster using an EC formulation 

at 0.75 kg/ha together with acute quotient for two aquatic invertebrates 

DISTANCE CONCENTRATI

ON in 

QUOTIENT 

IN METRES WATER 30 CM 

DEEP µg/L 

DAPHNIA 

EC50 = 5.8  

µg/L
1
 

MYSID LC50 

= 0.34 µg/L
1
 

DAPHNIA,  

24 HOURS 

LATER 

MYSID  

24 HOURS 

LATER 

10 23.4 4.03 68.82 0.40 6.88 

25 8.83 1.52 25.97 0.15 2.60 

50 3.27 0.56 9.62 0.56 0.96 

100 1.03 0.18 3.03 0.02 0.30 

150 0.497 0.09 1.46 0.00 0.15 

200 0.292 0.05 0.86 0.00 0.09 

Quotient is EEC/EC50. Dark shading is Q > 0.5, light shading = 0.1<Q >0.5. 

Source: from Table 43 of the Interim report. Data from US AgDRIFT model for dormant trees. .  

Table 27 shows that this use pattern does have a significantly higher spray drift hazard, despite the 

lower rate, due to the lesser interception, but after 24 hours this hazard is reduced for daphnia to more 

acceptable levels. This is not true for mysid shrimp, which is used as a surrogate for other sensitive 

aquatic organisms, where the hazard remains high to 100 metres from the spray site. Further, this 

assessment used AgDRIFT, where apples were used as dormant trees and for tall pear trees for which 

the hazard is expected to be higher because the spray is projected higher into the air to ensure 

coverage of the upper branches and twigs (data indicate the drift ratio is approximately 25:1 for tall 

trees compared to ‘normal’ trees). Considering this ratio and the results in Table 27, then even after 24 

hours, the hazard from dormant spraying of tall pear trees is anticipated to be high and unacceptable, 

especially for sensitive aquatic organisms.  

In addition to the AgDRIFT results, there are German studies (Ganzelmeier and Rautmann 2000) that 

specifically trialed orchard airblast sprayers according to strict protocols and standard conditions to test 

spray drift in grapes, fruit crops and hops, at both early and later growth stages, under good agricultural 

practice (GAP). Results give mean values for statistically treated data from repeated application trials 

on grapes (56), fruit trees (78) and hops (31 trials). Several groups cooperated and applied chemical 

(copper or a dye) according to the standard protocol, using various rates with various types of airblast 

sprayers. Estimates for drift are given as the 95
th
 percentile of mean values, quoted as a percentage of 

the application rate. 

The multiple trials on fruit trees appear useful in comparison with equivalent Australian pome and stone 

fruit crops. Apart from Australian weather conditions, where air temperatures are likely higher and 

humidity lower, the results should be useful in estimating drift in orchard situations under typical usage. 

Using the Ganzelmeier and Rautmann (2000) tables, the estimated Q-values (based on the 
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Ceriodaphnia results for both early and late spraying) are in Table 28 below for the concentration in 

water after 24 hours, fully mitigated by x 0.1, for a range of application rates.  

Table 28: Quotient for Ceriodaphnia after 24 hours allowing for degradation and adsorption 

APPLICATION 

RATE (g/ha) 

TIME OF 

APPLICATION 

DISTANCE FROM ORCHARD IN METRES 

3 10 20 30 50 

1500 early 55.3 25.6 6.13 2.23 0.64 

 late 30.7 10.7 2.06 0.79 0.23 

1000 early 36.9 16.7 4,09 1.49 0.43 

 late 20.5 7.13 1.37 0.53 0.15 

750 early 27.7 12.8 3.07 1.12 0.32 

 late 15.35 5.35 1.03 0.40 0.12 

500 early 18.4 8.53 2.04 0.74 0.21 

 late 10.2 3.57 0.69 0.26 0.08 

Dark shading is Q > 0.5, light shading = 0.1<Q >0.5. 

Source: from Ganzelmeier and Rautmann (2000), using data for 30 cm deep water at various application rates possible 

from high volume spraying. 

These results confirm (keeping in mind that Q would be higher if the mysid shrimp results were used) 

that for trees in full leaf the hazard is acceptable providing the rate is kept below 1 kg ai/ha, and a 30 

metre buffer zone and other risk management steps (such as label statements) are applied. The hazard 

is higher for dormant spraying to bare trees, where at least a 50-metre buffer zone would be required 

for rates of 1 kg ai/ha and more. Because the AgDRIFT results (normal) are modelled on data pooled 

from grapes (both conventional and wrap around sprayers) and apple orchards, they may not represent 

the typical spray drift from pome fruit orchards (note, however, that the Ganzelmeier results for 

grapevines show a lower drift compared to fruit crops). Therefore the Ganzelmeier results are 

considered more reliable.  

For citrus, Table 29 and Table 30 were generated using the US EPA AgDRIFT information for 

applications at 4 kg ai/ha, corresponding to 8000 L per sprayed hectare. This is considered a typical 

application rate for most regions for control of scale, which is one of the more likely uses of parathion-

methyl in citrus orchards. 
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Table 29: Estimated concentration of spray drift from orchard air blaster using an EC formulation 

at 4.0 kg/ha together with acute quotient for two aquatic invertebrates 

DISTANCE 

IN METRES 

CONCENTRATION IN 

WATER 30 CM DEEP 

µg/L 

QUOTIENT 

DAPHNIA 

EC50 = 5.8 µg/L 

MYSID  

LC50 = 0.34 µg/L 

10 41.56 6.4 120 

25 18.8 3.24 56 

50 7.96 1.36 23.2 

100 2.76 0.48 8 

150 1.4 0.24 4 

200 0.84 0.12 2.4 

Quotient is EEC/EC50. Dark shading is Q > 0.5, light shading = 0.1 < Q  > 0.5. 

Source: Table 44 of interim report. From US AgDRIFT model and is for citrus.  

Table 30: Quotient for daphnia and mysid shrimp after 24 hours allowing for degradation and 

adsorption 

 

DISTANCE 

IN METRES 

CONCENTRATION 

IN WATER 30 cm 

DEEP µg/L 

QUOTIENT 

DAPHNIA  

EC50 = 5.8µg/L 

MYSID  

LC50 = 0.34 µg/L
1
 

10 4.156 0.64 12 

25 1.88 0.324 5.6 

50 0.796 0.136 2.32 

100 0.276 0.048 0.8 

150 0.14 0.024 0.4 

200 0.084 0.012 0.24 

Dark shading is Q > 0.5, light shading = 0.1<Q >0.5. 

Source: Table 45 of the Interim report. Figures are for 30 cm deep water and at 4.0 kg ai/ha for citrus from high volume 

EC.  

As for the pome fruit situation above, Table 30 shows that the hazard for mysid shrimp, which is used 

as a surrogate for more sensitive Australian aquatic organisms, extends to at least 100 metres, and 

becomes acceptable only at 150 metres. It should be noted that, in South Australia, where use is most 

likely but still occasional, most citrus orchards are some distance away from permanent water due to 

the need to ensure adequate drainage. Also, DSEWPaC understands use is limited, with only one spray 

normally used and only when insect pressure warrants spraying. Provided that the hazard from spray 

drift is properly managed, the interim report concluded the hazard could be acceptable for this area 

only. For other areas, such as the Murrumbidgee Irrigation Area, where waterbodies and drainage 

channels can be closer than 150 metres, the results clearly show that the hazard is not acceptable. 
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As concluded in the interim report, for citrus orchards in South Australia, it is considered that a label 

warning is required to limit the environmental hazard. The following is recommended:  

If there is a waterbody within 200 metres downwind, an in-crop buffer i.e. the last three downwind 

rows should not be sprayed. These rows can be sprayed later when the wind is blowing away from 

the water.  

This is based on evidence from citrus orchards indicating these rows are largely responsible for the 

majority of the spray drift (Salyani and Cromwell 1992). The last two rows (rows 1 and 2) captured 

between 70% and 80% of the spray from rows 3 and 4. 

Other issues 

No information has been provided on the actual application rates, dilutions needed for each crop, 

droplet size and potential for spray drift from the equipment for where low-volume application equipment 

is used for orchard spraying. However, since the interim report, the NRA had developed new use 

instructions for dilute and concentrate applications to tree and vine crops (copies of this advisory 

document are available from the Avcare website at http://www.avcare.org.au). This clearly indicates that 

the same amount of chemical should be applied under both types of application. 

Further, the spray drift from low-volume applications to citrus orchards has previously been studied and 

modelled (Salyani and Cromwell 1992). The experimental data used for the model were obtained from 

low-volume spraying in an orange orchard in Florida. There were three trials, and the average spray 

drift was used to fit a quadratic equation to the spray drift curve. The high-volume application was also 

tested and similarly modelled. (Fit to these equations of the data was good, r
2
 > 0.88.) Table 31 has 

been generated to show the comparison for high and low-volume applications spray drift from citrus 

trees.  

Table 31: Comparison of spray drift as a percentage of application rate, for air blaster spraying 

and low-volume applications to citrus 

DISTANCE DOWNWIND (m) 25 50 100 150 200 

High volume 0.91 0.21 0.053 0.024 0.014 

Low volume 0.72 0.25 0.083 0.043 0.027 

Source: from Salyani and Cromwell (1992) 

Table 31 shows that the low-volume spraying gives less drift than from high-volume spraying close to 

the spray site but higher drift further away. While this shows that low-volume applications may increase 

the overall hazard, the increase is not expected to be significant, and there is no need to pursue this 

issue further. However, labels for orchard applications should be revised to clearly outline the 

instructions for both dilute and concentrate applications.  
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Summary 

The following comments and conclusions are made on the additional data provided: 

1. The additional aquatic toxicity data provided on request indicates that when parathion-methyl is 

mixed with another organophosphate, as is common practice in cotton, the toxicity of the mixture is 

additive, whereas the data suggest that when it is mixed with a synthetic pyrethroid (also a common 

practice), the toxicity is antagonistic. 

2. Despite these findings, the toxicity of parathion-methyl to the Australian native cladoceran species 

tested, Ceriodaphnia dubia, is very high, and close to that for the mysid shrimp that was used as a 

surrogate for sensitive Australian aquatic invertebrates in the interim report. 

3. This is compounded by the fact that profenophos, often mixed in a 1:1 ratio with parathion-methyl at 

the maximum rate for both, prior to application to cotton, is even more toxic to Ceriodaphnia dubia. 

4. The above has necessitated a revision of the aquatic hazard for application to cotton, pome and 

stone fruit and citrus, the continued use of which is being supported by residue data. 

5. For application to cotton, the revised hazard makes it clear that for safe application by both ground 

and air buffer zones greater than those included in the cotton Best Management Practice Manual 

(BMPM) are required.  

6. However, the extent of this buffer cannot be determined without further details of what droplet size 

range is currently being employed. Therefore, the industry should clarify what progress has been 

made in the use of suitable spray drift minimisation strategies for aerial application to cotton, such 

as large droplet placement technology and other measures to limit environmental exposure, as was 

required in the interim report. This should also include details of the typical spray mixtures currently 

used, including the quantities of each product, or confirmation that they remain the same as used in 

the toxicity testing. 

7. Similar information on droplet size and typical spray mixtures used is also needed for ground 

application to cotton. The revised hazard assessment supports the case for the use of low drift 

nozzles, in addition to a buffer zone greater than 100 metres, when used in admixture with other 

organophosphates such as profenophos. 

8. For pome and stone fruit, the revised hazard assessment confirms the conclusion reached in the 

interim report that the hazard for normal trees in full leaf is considered to be able to be mitigated to 

an acceptable level by use of a 30-metre buffer and risk management steps, such as label 

statements, for applications at 1000 g ai/ha and less.  

9. For bare trees (dormant spraying for scale) the hazard would be acceptable only if at least a 50-

metre buffer zone is required for rates of 1 kg ai/h and more.  

10. It would assist our assessment of hazard for use on pome and stone greatly if the typical application 

rates for trees in full leaf could be clarified, and whether dormant spraying for scale is being 

supported, and if so, what the maximum rate would be. 
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11. Use in citrus orchards would require at least a 150-metre buffer for methyl-parathion to be used 

safely, which would seem impracticable. Therefore use cannot be supported in areas such as the 

Murrumbidgee Irrigation Area (MIA), where waterbodies and drainage channels can be closer than 

150 metres. 

12. However, for citrus orchards in South Australia, where DSEWPaC understands use is limited, with 

only one spray normally used and only when insect pressure warrants spraying, in order to limit the 

environmental hazard the following is recommended: 

‘If there is a waterbody within 200 metres downwind, an in-crop buffer should be use ie. the last 3 

downwind rows should not be sprayed. These rows can be sprayed later when the wind is blowing 

away from the water.’ 

13. It would assist our hazard assessment if the main areas of use in citrus orchards, the type of 

equipment used for application and the maximum rates applied could be clarified. 

14. Labels should be revised to clearly outline the APVMA’s new use instructions for dilute and 

concentrate applications to tree and vine crops (copies of this advisory document are available from 

the Avcare website at http://www.avcare.org.au).  

Clarifications are sought in points 6, 7, 10 and 13 above from the registrants and relevant industry 

sectors. These will allow refinement of the hazard assessment and finalisation of the report. 

3.4 Residues 

3.4.1 Interim report 

Australian residue data from apple, pear, brussel sprouts, cauliflower, cotton, and sweet corn trials were 

presented. The data included residue results from EC and ME formulation treatments. Overall, there 

were insufficient Australian data presented to confirm the current MRLs. Where possible, the overseas 

data presented were used to support establishment of temporary Australian MRLs. 

The current entries in the MRL standard for fruits and for vegetables are general entries, namely ‘fruits 

1 mg/kg’ and ‘vegetables 1 mg/kg’. Such broad entries are unsatisfactory and it has been 

recommended that they be deleted and replaced with MRLs for various fruit and vegetable groups or 

individual entries. This allowed establishment of temporary MRLs for stone fruit, pome fruit, citrus, 

grapes, brassica vegetables, carrots, celery, fruiting vegetables (cucurbits and vegetables other than 

cucurbits), legume vegetables, and pulses. Because overseas residue trials conducted at exaggerated 

rates compared to the Australian situation showed that residues in sweet corn and potatoes should not 

be of consequence, MRLs at the limit of quantitation were recommended for those two commodities. 

The residue data presented allowed the recommendation that the current MRL entry for cottonseed oil 

(crude) could be deleted, and the cottonseed MRL was established as a temporary value. A temporary 

cottonseed fodder MRL was recommended and the recommendation made that there be a label 
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prohibition on the grazing of parathion-methyl treated cotton crops in the absence of data on the levels 

actually present. 

Based on overseas data, temporary MRLs were recommended for the animal feeds, clover, clover hay 

or fodder, cruciferous forage crops, and legume animal feeds. No animal transfer studies were 

presented, and the livestock metabolism studies were not sufficient on their own to recommend 

retention of the present animal commodity MRLs. As a result, a temporary status was recommended for 

the current edible offal [mammalian], meat [mammalian], and milks MRLs. 

The residue definition of parathion-methyl remains unchanged as the parent parathion-methyl. 

The current 14-day withholding period before harvesting for human consumption and grazing and 

cutting for stock food remain unchanged. This should replace the seven-day withholding period found in 

one of the registered product labels. A grazing restraint for cotton should also be included on the label. 

There are no objections, from a residues point of view, to the continued registration of products 

containing parathion-methyl if additional confirmatory studies for the temporary MRLs recommended 

(see Table 32) are completed and evaluated. 

Table 32: Products for which confirmatory Australian residue data to confirm MRLs are required 

BRASSICA VEGETABLES 

(CABBAGE, CAULIFLOWER AND 

BRUSSELS SPROUTS OR 

BROCCOLI) 

EDIBLE OFFAL (MAMMALIAN) MEAT (MAMMALIAN) 

Carrot Fruiting vegetable, cucurbits Milks 

Celery Fruiting vegetable, other the 

Cucurbits (except sweet corn) 

Pome fruits 

Cottonseed Grapes Pulses 

Citrus fruit  Legume vegetables Stone fruits 

 

ANIMAL FEEDS 

Clover Clover hay or fodder Cotton fodder, dry 

Cruciferous forage crops Legume animal feeds  
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3.4.2 Recent consideration 

Although data have been provided for consideration, the assessment has yet to be completed. Given 

that the occupational health assessment no longer supports the registration of parathion-methyl 

products, completion of the residues assessment is not required. 
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4 OVERSEAS REGULATORY ACTION 

United States 

Parathion-methyl is a restricted use organophosphate insecticide and acaricide registered for use on a 

variety of food and feed crops; most use is on cotton, corn and rice. Parathion-methyl was subject to the 

Interim Reregistration Eligibility Decision (IRED) in May 2003 and in July 2006 the Reregistration Eligibility 

Decision (RED) was finalised. The most recent human health assessment was conducted in 2002, and the 

most recent ecological assessment was completed in July 2009. 

After the final workplan was published in November 2009, the technical and end use product registrants 

requested voluntary cancellation of product registrations. Sale and distribution of existing stocks will be 

prohibited after 31 December 2012. Use will be permitted until 31 December 2013. 

Europe 

The Standing Committee on the Food Chain and Animal Health at its meeting on 18 October 2002 finalised 

its decision concerning the non-inclusion of parathion-methyl in Annex I of Directive 91/414/EEC and the 

withdrawal of authorisations for plant protection products containing this active substance. 

Concerns were identified with regard to: 

 the safety of operators potentially exposed to parathion-methyl  

 the possible effects of the substance on non-target insects, birds and mammals. 
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5 REVIEW STATUS 

Given that the registration of all parathion-methyl products and approval of all parathion-methyl active 

constituents have been voluntarily cancelled, the review of parathion-methyl has been stopped and no 

regulatory actions have been taken. 

As outlined above, should registration or approval of parathion-methyl be sought in the future, the data gaps 

identified within this report would need to be addressed. 
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APPENDIX A—ACTIVE CONSTITUENT AND PRODUCTS 
INCLUDED IN THE REVIEW 

Table A1:  Active constituents included in the review 

APPROVAL 

NUMBER 

ACTIVE CONSTITUENT NAME REGISTRANT 

44197 Parathion-methyl Ospray Pty Ltd 

 

Table A2:  Products included in the review 

PRODUCT 

NUMBER 

PRODUCT NAME REGISTRANT LABEL 

APPROVAL 

NUMBERS 

40500 Campbell Penncap-M Flowable 

Microencapsulated Insecticide 

Colin Campbell (Chemicals) 

Pty Ltd 

40500/0899 

05055/1203 

40500/0710 

39719 Farmoz Parathion-methyl 500 

insecticide 

Farmoz Pty Limited 39719/0206 

39719/0809 

39719/0899 

 

Table A3: Products registered after the commencement of the review that are subject to the 

outcomes of the review 

PRODUCT 

NUMBER 

PRODUCT NAME REGISTRANT LABEL APPROVAL 

NUMBER 

47674 Parashoot CS Insecticide Ospray Pty Ltd 47674/0606 

47674/0999 

48441 Parashoot 500 EC Insecticide Ospray Pty Ltd 48441/0110 

48441/0306 

0899 
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APPENDIX B—MAIN TOXICOLOGY ASSESSMENT 

Study: Beyrouty P (2001) 

Beyrouty P 2001, Four week dermal toxicity study of methyl parathion in rats, ClinTrials 

BioResearch Ltd; Quebec, Canada. Lab ID 97533. Submitted by Cheminova Agro A/S, Denmark. 

[AS: Sub No. 12058] GLP 

This was a dermal toxicity study performed on Sprague Dawley rats using parathion-methyl TGAC. 

Sprague Dawley rats (Crl: CD
R
; CRL – Canada) (40/sex/group) were treated by dermal application (6 

hours/day; 5 days/week) for four weeks with parathion-methyl (Cheminova Lot No. 960312, 96.5%) 

suspended in vehicle (0.5% carboxymethylcellulose/0.1% Tween 80) at nominal doses of 0, 0.3, 1, 2.2 

and 5 mg/kg at a dose volume of 1.0 mL/kg/d; controls were exposed to carrier only. The vehicle/test 

article was applied to a shaved area on the dorsum (about 10% of body surface area), left uncovered 

for 6 hours and then washed with soapy water.  

Some rats (10/sex/dose) were retained for four weeks after dosing to determine the reversibility of any 

adverse findings. Body weights and food intake were measured weekly and prior to scheduled sacrifice. 

Clinical signs were recorded daily prior to treatment. Dermal irritation scores at the dosing site were 

recorded weekly. The procedures performed and the disposition of animals into the various groups is 

summarised in the table and text below. 

Table B1: Study procedures and number of animals/sex/group involved 

DAY OF 

PROCEDURE 

EYE 

EXAMINATION 

FOB LABORATORY 

TESTS 

FIXATION 

Pretreatment 40 20   

1  20   

5  20 10  

15  20   

28 10 20   

29   10 10 

55  10   

56   10  

Shaded areas indicate days on which treatment occurred (1–5, 8–12, 15–19, 22–26) 

An ophthalmological examination of all animals was performed prior to the start of treatment; but only 

10/sex/group were examined on day 28. The animals were subjected to funduscopic (indirect 
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ophthalmoscopy) and biomicroscopic (slit lamp) examinations using 0.5% atropine sulfate as a 

mydriatic. 

A Functional Observation Battery (FOB) was performed on 20/sex/group (these animals were 

scheduled for day 29 or 56 euthanasia) prior to the initiation of treatment and then post-dosing (where 

applicable) on days 1, 5, 15 and 28 (non-treatment day). Further FOB evaluations were conducted on 

the recovery group (10/sex/dose) on day 55. The observational battery was performed in a purpose-

built square arena (approximately 0.6 m
2
) of plexiglass placed on a raised platform. The tests were 

conducted in the room housing the animals where temperature, humidity, photoperiod and air-exchange 

were monitored. The FOB consisted of qualitative and quantitative observations.  

Qualitative findings were reported under the following categories: 

 observations in home cage—body position, tremors, twitches and convulsions, bizarre/stereotypic 

behaviour 

 removal from home cage—ease of removal, vocalisation 

 observations in arena—ataxic, hypotonic and impaired gait; overall gait incapacity; tremors, 

twitches, convulsions; bizarre/stereotypic behaviour; locomotor activity; arousal; piloerection 

 handling observations—pupil size; lacrimation; salivation; urinary staining; diarrhoea. 

Qualitative FOB findings were reported for grip strength. Chatillon strain gauges were used to record 

duplicate tests of forelimbs and hindlimbs. 

On days 5, 29 and 56, 10 animals/sex/group were euthanised and used for laboratory investigations 

(haematology measurements and cholinesterase activity of blood and regional brain) as well as gross 

pathology examination (including organ weights) and histopathological evaluation (including bone 

marrow smears) of the femur. The same animals were used for haematology and cholinesterase 

evaluations. Blood samples for haematology were collected into EDTA tubes from the inferior vena 

cava of 10 rats/sex/group on days 5 (as soon as possible after 6-hours exposure), 28 (non-treatment 

day) and 56. Haematological parameters measured were: erythrocyte indices (MCV, MCH, MCHC, Hct, 

Hb and red cell size distribution width); RBC count; haematocrit; and haemoglobin. Cholinesterase 

measurements (plasma and brain—cerebral cortex, striatum and hippocampus) were determined using 

recommended US EPA spectrophotometric methodology adapted to an autoanalyser. RBC samples 

were measured for cholinesterase activity using a radiometric assay. Brain samples were collected from 

the same animals used for blood cholinesterase analyses. Both sides of each brain region were 

sampled and processed together. 

Necropsy consisted of an external examination, including identification of all clinically recorded lesions, 

as well as a detailed internal examination. The method of euthanasia was isoflurane anaesthesia 

followed by exsanguination from the abdominal aorta. 
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The animals used for laboratory investigations on days 5, 28 and 56 had the following organs trimmed 

and weighed: adrenals, epididymides, heart, kidneys, liver, spleen, testes, thymus, ovaries, uterus. 

Additionally, the femurs were prepared for histopathological examination of the bone marrow.  

The remaining 10 animals/sex/group were euthanised on day 29, fixed by whole-body perfusion with 

glutaraldehyde/paraformaldehyde fixative, and tissues from high dose and control animals were 

subjected to a histopathological evaluation as follows: bone (sternum, with marrow); brain (six levels)—

forebrain (through the septum), centre of the cerebrum (through the hypothalamus), midbrain, 

cerebellum and pons, midcerebellum and medulla oblongata, and medulla oblongata; eyes; heart; 

kidneys; liver (sample of two lobes); lymph nodes (mandibular and mesenteric); nasal cavity and 

sinuses (two levels); salivary gland mandibular, bilateral); skin (from exposure area and from untreated 

area, inguinal mammary gland); stomach; spinal cord (cervical, thoracic and lumbar); spleen; thymus; 

optic nerves; ovaries (with oviduct). Brain weight (excluding olfactory bulbs), length and maximal 

coronal width were recorded prior to trimming. 

The nerve tissues from control and high dose animals (see list below) were processed through 0.1 

molar sodium cacodylate buffer and 2% osmium tetroxide, followed by rinsing and staining in a 1% 

aqueous solution of uranyl acetate for 2 hours. Following dehydration and embedding in epoxy resins, 

sections (0.5 m) were cut and stained with 1% toluidine blue for examination by light microscopy. 

Peripheral nervous system tissues examined: sciatic nerve (mid-thigh region) (longitudinal and cross-

sections); sciatic nerve (at sciatic notch) (longitudinal and cross-sections), sural nerve (at knee) 

(longitudinal and cross-sections); tibial nerve (at knee) (longitudinal and cross-sections). 

Central nervous system tissues examined: cervical dorsal root (C5) (longitudinal and cross-sections); 

cervical ventral root (C5) (longitudinal and cross-sections); thoracic dorsal root (T7) (longitudinal and 

cross-sections); thoracic ventral root (T7) (longitudinal and cross-sections); lumbar dorsal root (L4) 

(longitudinal and cross-sections); lumbar ventral root (L4) (longitudinal and cross-sections); grossly 

abnormal central or peripheral nervous system tissues. 

Remaining animals (two spare/sex/group) that had been used to replace unscheduled deaths were 

euthanised without further examination. Animals dying during the study were necropsied.  

Appropriate statistical analyses were performed on all data. The study authors report that group 

variances for bodyweight, food consumption, cholinesterase data and organ weights were compared 

using Bartlett's test. When the differences between group variances were not significant (P > 0.001), a 

one-way analysis of variance (ANOVA) was performed. lf significant differences (P < 0.05) were 

indicated by the ANOVA, Dunnett's test was used to compare the vehicle control and treated groups. 

When the differences between group variances were significant (P < 0.001) by Bartlett's test, the 

Kruskal-Wallis test was then performed. Where significant differences (P < 0.05) between the groups 

were indicated by the Kruskal-Wallis test, the values for the vehicle control and treated groups were 

compared using Dunn's test. Functional observational battery data were analysed by comparing the 

vehicle control group to the treated groups using Fisher's exact probability test. Initially, the comparison 
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included all scores within a category, where appropriate, for all groups together. If a significant 

(P < 0.05) difference was detected, shell comparisons were made using all scores within a category 

between the vehicle control group and each of the treated groups. 

Results 

Dose formulations were prepared daily; tests for homogeneity, stability and concentration were 

satisfactory ( 15%) except for the 0.3 mg/kg dose at week 4, which assayed at ca. 50% of the nominal 

concentration. 

Unscheduled deaths were limited to one male (day 28) and two females (days 4 and 25, deaths post-

dosing) in the 5-mg/kg group. Necropsy did not reveal cause of death; all three rats presented dark foci 

in the thymus, possibly agonal. The main clinical signs in these animals were limited to red fur staining 

on the muzzle (2 of 3), yellow fur staining on the lumbar region (1 of 3). 

Mean weekly bodyweights and food consumption were unaffected by treatment. Bodyweight gain in the 

5-mg/kg bw/day males and females (16 and 4 g respectively) was slightly lower from days 1 to 5 when 

compared to the control group males and females (20 and 10 g gains respectively). A statistically 

significantly (P < 0.05) lower body weight on days 1 and 5 for the 1.0 mg/kg bw/day females can be 

attributed to intergroup variability. 

There were no treatment-related clinical signs or signs of irritation at the site of application. 

The FOB revealed no consistent treatment-related differences between the dose-groups. On day 1, 

FOB (20/sex/dose) reported slightly reduced locomotor activity and arousal in all dose groups 

compared to controls in males only. Day-1 females recorded reduced pupil size in 5 and 6/20 animals at 

1.0 and 5.0 mg/kg bw/day respectively, but no animals were affected at any other dose level. On day –

5, FOB (20/sex/dose) reported slight tremors in a single 5.0 mg/kg bw/day male in both the home cage 

and arena, but in no other males. Among females, tremors were also only seen at 5.0 mg/kg bw/day 

and were slight (4/20) or moderate (2/20) in the home cage and in the arena (5/20 slight; 2/20 

moderate). Day-5 females recorded a dose-response, statistically significant at the three highest doses, 

for reduced pupil size (pinpoint versus normal pinhead) in 4, 9, 12 and 11/20 animals at 0.3, 1.0, 2.2 

and 5.0 mg/kg bw/day respectively, compared to 2/20 in controls. On day –15, FOB results were 

unremarkable in both sexes There were only incidental non dose-related findings in both sexes from the 

FOBs conducted during the recovery period (day 28, 20/sex/dose, and day 55, 10/sex/dose). 

There were no ophthalmological findings attributable to treatment. 

The same animals were used for haematology and cholinesterase evaluations. Females in the 5-mg/kg 

bw/day group had a significant (P < 0.05) decrease in haemoglobin on day 56 as well as a significant (P 

< 0.01) increase in red cell size distribution width (RDW), an indicator of anisocytosis. The biological 

significance of these changes is uncertain given that no effect was observed on day 28 and the values 

at day 56 were quoted by the study authors as being within historical control ranges (haemoglobin 

historical control range: 11.6 to 17.3 g/dL; RDW historical control range: 11.3 to 15.5%). Bone marrow 
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smears did not reveal ant treatment-related findings. There were no other remarkable haematological 

findings. 

Cholinesterase activity was inhibited in a dose-related manner in all compartments and was slow to 

recover, particularly in the brain. The table and charts below show the plasma, RBC and regional brain 

cholinesterase activity measurements.  

Plasma cholinesterase: females were more sensitive than males. In both sexes, maximum inhibition 

was seen at day 5, with some adaption to the dosing seen at the two highest doses by day 28, when 

inhibition was generally less than at day 5. The plasma cholinesterase levels were almost fully restored 

to predose levels after four weeks.  

RBC cholinesterase: activity was inhibited to a similar degree in males and females. There was a nearly 

identical pattern of dose-related and generally highly statistically significant inhibition of RBC 

cholinesterase activity seen on days 5 and 28. This activity was still slightly inhibited (less than 20%) on 

day 56. There was no NOEL for this parameter, because at day 28, RBC cholinesterase was inhibited 

in a toxicologically relevant manner in both sexes at all dose points. 

Table B2: Plasma cholinesterase inhibition during dosing and recovery 

DOSE 

mg/kg bw/day 

SEX TREATMENT D5 

u/L (% CHANGE)1 

TREATMENT D28 

u/L (% CHANGE)1 

RECOVERY D56 

u/L (% CHANGE)1 

0 M 265  292 294 

0.3 M 256 (-3.4%) 261 (-10.6%) 254 (-13.6%) 

1.0 M 237 (-10.5%) 255 (-12.5%) 269 (-8.5%) 

2.2 M 190 (-28.1%)** 229 (-21.5%)** 261 (-11%) 

5.0 M 149 (-43.8%)** 213 (-26.9%)** 304 (+3.6%) 

0 F 650  1050 1409 

0.3 F 740 (+13.8%) 995 (-5.3%) 1206 (-14.4%) 

1.0 F 508 (-21.9%)* 827 (-21.3%) 1232 (-12.6%) 

2.2 F 428 (-34.2%)** 727 (-30.8%)* 1416 (+0.5%) 

5.0 F 183 (-71.9%)** 552 (-47.5%)** 1299 (-7.8%) 

1 relative to control; **P < 0.01, *P < 0.05 (Dunnett’s)  
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Figure B1: Plasma cholinesterase inhibition during dosing and recovery 

 

Table B3: RBC cholinesterase inhibition during dosing and recovery 

DOSE 

mg/kg bw /day 

SEX TREATMENT DAY 52 

(% CHANGE)1 

TREATMENT DAY 282 

(% CHANGE)1 

RECOVERY DAY 562 

(% CHANGE)1 

0 M 1493 2064 1217 

0.3 M 1296 (-13.2%) 1496 (-27.5%) 1189 (-2.3%) 

1.0 M 1037 (-30.6%)** 1510 (-26.8%) 964 (-20.8%) 

2.2 M 630 (-57.8%)** 977 (-52.7%)** 1087 (-10.7%) 

5.0 M 364 (-75.6%)** 545 (-73.6%)** 1042 (-14.4%) 

0 F 1485 2369 1232 

0.3 F 1191 (-19.8%)** 1696 (-28.4%)* 1094 (-11.1%) 

1.0 F 880 (-40.7%)** 1154 (-51.3%)** 1136 (-7.8%) 

2.2 F 471 (-68.3%)** 749 (-68.4%)** 1010 (-18%) 

5.0 F 169 (-88.6%)** 567 (-76.1%)** 997 (-19%) 

1  Relative to control; 2units are nmol/min/mL; **P<0.01, *P<0.05 (Dunnett’s)  
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Figure B2: RBC cholinesterase inhibition during dosing and recovery 

Brain cholinesterase: activity was inhibited to a similar degree in males and females, and this pattern 

was generally similar for all three brain regions. Statistically significant and dose-related inhibition was 

seen at all doses in all three brain regions at day 28. Recovery was evident but not complete by day 56. 

There was no NOEL for this parameter. 

Table B4: Brain cholinesterase inhibition (% change) during dosing (d5and 28) and recovery (d56) 

DOSE 

mg/kg bw/day 

SEX CEREBRAL CORTEX STRIATUM HIPPOCAMPUS 

  d5 d28 d56 d5 d28 d56 d5 d28 D56 

0 M 11.31 

1002 

11.42 

100 

12.17 

100 

49.65 

100 

46.73 

100 

49.64 

100 

8.34 

100 

9.08 

100 

10.06 

100 

0.3 M 9.93 

-12.1 

9.00 

-21.2** 

11.82 

-2.9 

41.92 

-15.6 

38.53 

-17.5* 

45.05 

-9.2 

8.57 

+2.8 

7.38 

-18.7** 

9.06 

-9.9* 

1.0 M 8.17 

-27.7** 

8.10 

-29.1** 

10.56 

-13.2* 

42.08 

-15.2 

30.73 

-34.2** 

44.69 

-10.0 

8.32 

-0.2 

6.58 

-27.5** 

8.80 

-12.5** 

2.2 M 8.63 

-23.6* 

6.71 

-41.2** 

10.33 

-15.1** 

31.58 

-36.4** 

26.67 

-42.9** 

43.91 

-11.5 

7.65 

-8.3 

5.82 

-35.9** 

8.90 

-11.5** 

5.0 M 5.80 

-48.7** 

3.06 

-73.2** 

9.45 

-22.5** 

24.35 

-51.0** 

11.89 

-74.6** 

38.79 

-21.9** 

5.32 

-36.2** 

3.14 

-65.4** 

7.61 

-24.4** 
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DOSE 

mg/kg bw/day 

SEX CEREBRAL CORTEX STRIATUM HIPPOCAMPUS 

0 F 11.13 

100 

11.59 

100 

12.26 

100 

46.6 

100 

45.39 

100 

51.38 

100 

8.94 

100 

8.14 

100 

9.75 

100 

0.3 F 9.58 

-13.9 

9.67 

-16.6** 

11.95 

-2.5 

34.99 

-24.9 

35.43 

-21.9** 

44.69 

-13.0** 

9.01 

+0.8 

7.32 

-10.1 

8.97 

-8.0 

1.0 F 8.72 

-21.7** 

7.58 

-34.6** 

9.96 

-18.8** 

34.83 

-25.3 

25.48 

-43.9** 

43.94 

-14.5** 

7.63 

-14.7 

6.26 

-23.1 

8.74 

-10.4* 

2.2 F 6.72 

-39.6** 

5.39 

-53.5** 

9.95 

-18.8** 

25.77 

-44.7e 

18.2 

-59.9** 

41.16 

-19.9** 

5.96 

-33.3e 

4.72 

-42.0e 

7.86 

-19.4** 

5.0 F 2.58 

-76.8** 

2.69 

-76.8** 

9.57 

-21.9** 

9.45 

-79.7f 

9.70 

-78.6** 

36.15 

-29.6** 

2.52 

-71.8f 

2.12 

-74.0f 

7.32 

-29.4** 

1  Activity (U/g); 2 % cf control; **P < 0.01, *P < 0.05 (Dunnett’s); eP < 0.01, fP < 0.05 (Dunn’s)  

 

Brain cholinesterase inhibition 

At necropsy, there were no treatment-related differences between groups in: terminal body weights; 

absolute or relative (to body weight) mean organ weights including mean weights of total brain and 

brain regions. Similarly there were no treatment-related changes seen during gross pathology 

examination nor any histopathology findings. A comprehensive histopathology examination of tissues 

from the perfused control and high-dose animals (10/sex/dose) recorded similar incidences of nerve 

degeneration in all control versus all high-dose animals (34 vs 33 respectively). 
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Figure B: Brain cholinesterase inhibition (% change) during dosing (d5 and 28) and recovery (d56) 
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Studies: Weiler MS (1999b)and Gains M (1999b) 

Weiler MS 1999b, Acute dietary neurotoxicity study with methyl parathion in rats, Conducted by 

Covance Laboratories Inc, Madison, Wisconsin, USA. Study No. 6222-116; completed April 30, 1999. 

Submitted by Cheminova Agro A/S, Denmark. [Cheminova A/S Sub. No. 11827] GLP, OPPTS 

870.6200. 

 

Gains M 1999b, Supplement to acute dietary neurotoxicity study with methyl parathion in rats 

(Pathology Report). Testing Laboratory: Covance Laboratories Inc, Madison, Wisconsin, USA. Study 

No. 6222-116; completed April 30, 1999. Pathology Laboratory: ClinTrials BioResearch Ltd, Quebec, 

Canada. Study No. 99431; completed April 13, 1999. Submitted by Cheminova Agro A/S, Denmark. 

[Cheminova A/S Sub. No. 11827] GLP; OPPTS 870-6200. 

The original evaluation of these acute dietary neurotoxicity studies was hampered by lack of detailed 

individual animal data. The actual food consumption and hence achieved dose for individual animals 

has now been provided and the entire study has been re-evaluated.  

This unusual study protocol was requested by the US EPA and was designed to assess the 

cholinesterase inhibition and potential neurotoxic effects of an acute (single day) dietary administration 

of pure (Lot No. 343-BSe-23C; 99.6%) parathion-methyl to rats.  

The sponsor stated that two range finding studies using this protocol had established that the time of 

peak effect for clinical signs was 0.5–1.5 hours after the dietary exposure had ceased. Plasma and 

brain cholinesterase activity were significantly depressed at doses of 6 mg/kg but not at 2 mg/kg, 

although a dose-related decrease for plasma cholinesterase activity commenced at 0.2 mg/kg. The 

studies also found that there was a practical limit to the dose that could be achieved (9–10 mg/kg in the 

first study and 5–6 mg/kg in the second) due to unpalatability of the diet at higher doses. 

Male and female Sprague Dawley rats (Crl:CD) were assigned to groups for cholinesterase activity 

determination or neurotoxicity assessment according to the table below. Animals were fed according to 

a protocol-specified feeding schedule throughout the study, and after 11-days of acclimation to the 

feeding schedule, they were given diet dosed with parathion-methyl for ad libitum consumption over one 

hour. The feeding schedule required a 25 g total daily ration to be given to the animals during two one-

hour periods per day as approximate portions of 2/3 (17 g) and 1/3 (8 g) for the first and second feeding 

periods respectively. The test substance was administered in the second feeding session. They were 

then observed for 15 days before sacrifice and necropsy. 

Clinical signs were recorded daily. Bodyweights were recorded on day 11 and day 6 before treatment 

commenced and on days 1 (treatment day), 8 and 15. Food consumption was recorded daily up to day 

1. FOB and motor activity testing in groups 1–5 was done before treatment commenced, on day 1 at the 

time of peak effect (0.5–1.5 hours after the end of exposure) and on day 15. All of these animals were 
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fixed/perfused on day 15 and 8/sex/dose were designated for neuropathological examination. The FOB 

consisted of qualitative and quantitative observations. Qualitative observations of the animal were made 

when it was in its home cage, when being removed from the home cage and placed in an open field 

arena (two minutes duration), and during handling. These observations focused on abnormalities of 

breathing, locomotion and gait, behaviour and any clonic signs. Quantitative observations included: grip 

strength (forelimb and hind-limb); hind-limb splay; body temperature; and tail-flick latency. Motor activity 

for a 40 minute period was recorded in a circular open-field enclosure by automated scoring of ‘beam 

breaks’. 

Cholinesterase activity (plasma, RBC and brain) was determined in blood from eight animals/sex/dose 

from groups 6–10 at the time of peak effect (0.5–1.5 h after the end of exposure) on day 1, and from the 

remaining eight animals/sex/dose from groups 6–10 on day 15. After blood samples were obtained, 

these two groups were exsanguinated, subjected to a limited gross pathological examination and the 

brain was removed for cholinesterase determination (cortex, hippocampus, striatum). Anatomical 

pathology was determined on day 15 in animals in groups 1–5. The animals were anaesthetised and 

perfused in situ prior to being necropsied; neuropathological examination was performed on at least 

eight animals/sex from the control and high-dose groups. 

Table B5: Experimental design and dosing regimen for acute oral intake of parathion-methyl 

GROUP NUMBER OF 

ANIMALS 

TARGET DOSEa 

mg/kg bw/day 

DIET CONC.b 

(ppm) MALES 

DIET CONC.B 

(ppm) FEMALES 

NEUROTOXICITY TESTING    

1 10/sex 0 0 0 

2 10/sex 1 24 29 

3 10/sex 1.5 37 43 

4 10/sex 3 73 86 

5 10/sex 12 293 343 

CHOLINESTERASE TESTINGC    

6 16/sex 0 0 0 

7 16/sex 1 24 29 

8 16/sex 1.5 37 43 

9 16/sex 3 73 86 

10 16/sex 12 293 343 

 a Controls received basal diet; all groups fed ad l ibitum for 1 hour; males offered 9 grams and females 7 grams 

b Dietary concentrations based on pre-test bodyweight and food consumption data 

c Blood and brain cholinesterase determinations were done for 8 animals/group/sex at the time of peak effect and on  

day 15 
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Results 

The concentration of parathion-methyl in the diets was within  20% of the nominal concentration. 

There were no mortalities. There were no clinical observations for the cage-side observations. Body 

weight changes were not affected by treatment. 

FOB findings 

Pre-dose FOB findings exhibited normal variation. FOB findings on day 1 were as follows: a slight 

dose-related increase in latency to first step in males and females; slight ataxia in 2/10 high-dose 

females; low activity in 1/10 high-dose females; a negative air-drop righting reflex in 3/10 high-dose 

females; a statistically significant decrease in the mean number of rearings in the open field in high-

dose females; elevated forelimb grip strength in high-dose females (due to one animal only); and a 

statistically significant decrease in mean body temperature in high-dose females (37.1 versus 39.3 for 

controls). FOB findings on day 15 were as follows: a slight increase in latency to first step in high-dose 

males and females; and low activity in 1/10 high-dose females. Thus minor FOB findings were seen, of 

which most were on day 1 and generally in high-dose females only. 

Motor activity 

Pre-dose motor activity findings exhibited normal variation. Motor activity findings on day 1 were a 

statistically significant decrease in total counts for high-dose males (1003 versus 1487 for controls) and 

females (959 versus 1600 for controls). Day 15 results were unremarkable. 

Consumption of test diets 

To stagger the sacrifice times for the animals sacrificed on day 1 (cholinesterase animals; groups 6–

10), the feed times were also staggered. This change in the normal feeding schedule resulted in 

resulted in lower food consumption in these groups as seen in the table below. Thus the neurotoxicity 

animals (groups 1–5) and the cholinesterase animals designated for sacrifice on day 15 achieved 

higher test substance consumption than the animals sacrificed on day 1.  
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Table B6: Food consumption on day 1—Test diets  

 FOOD CONSUMPTION [MEAN (SD)] (g) IN GROUP 

NO. OF ANIMALS  1 2 3 4 5 

Males 10 7 (2.4) 8 (1.6) 8 (1.3) 7 (2.2) 5 (2.0) 

Females 10 3 (2.9) 5 (2.5) 5 (2.2) 4 (2.0) 2 (0.7) 

NO. OF ANIMALS  6 7 8 9 10 

Males (day 1) 8 4 (2.9) 3 (2.5) 5 (3.8) 6 (2.5) 5 (2.9) 

Females (day 1) 8 2 (1.0) 3 (2.0) 2 (1.8) 3 (2.1) 1 (0.9) 

Males (day 15) 8 8 (1.3) 8 (1.8) 8 (1.2) 9 (0.4) 7 (1.8) 

Females (day 15) 8 6 (0.9) 7 (0.8) 5 (2.5) 5 (1.4) 4 (1.2) 

 Consumption of test substance 

The variation in consumption of test diets is presumed to have resulted from the alteration of the daily 

feeding pattern and to inappetance at the high dose; it led to a complex variation in consumption of the 

test substance as shown in the table below. Overall, achieved dose levels were lower than the target 

levels for all dose groups, especially for the high-dose animals: for example, among females, no 

individual achieved more than 6 mg/kg, and one or more animals in some test groups consumed no test 

substance whatsoever. This below-target consumption was much more severe in the animals that were 

sacrificed on day 1 than in those scheduled for day 15 sacrifice. 

Table B7: Target and actual test substance consumption [mean (SD)] 

TARGET 

DOSE 

LEVEL 

(mg/kg) 

ACHIEVED DOSE LEVEL (mg/kg) 

NEUROTOXICITY 

(GROUPS 2–5) 

SACRIFICED DAY 15 

CHOLINESTERASE—DAY 1 

(GROUPS 7–10) 

SACRIFICED DAY 1 

CHOLINESTERASE—DAY 15 

(GROUPS 7–10) 

SACRIFICED DAY 15  MALES FEMALES MALES FEMALES MALES FEMALES 

1 0.7 (0.16) 0.8 (0.16) 0.3 (0.22)* 0.5 (0.28)* 0.7 (0.15) 1.0 (0.14) 

1.5 1.2 (0.19) 1.0 (0.50)* 0.7 (0.52)* 0.5 (0.42)* 1.2 (0.16) 1.1 (0.58) 

3 2.2 (0.66) 1.8 (0.90) 1.6 (0.64) 1.3 (0.89)* 2.5 (0.18) 2.3 (0.65) 

12 6.3 (2.26) 3.8 (1.32) 6.0 (3.21)* 2.2 (1.56)* 7.7 (1.92) 7.8 (1.73) 

*one or more animals in these groups consumed no test substance 

Cholinesterase activity  

The cholinesterase activity data were originally presented in summary tables as mean values of all the 

animals in each group. It was considered that the inclusion of values from animals that did not consume 

any diet (and hence test substance) invalidates the presentation of the data as summary tables. The 
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sponsor subsequently provided individual animal consumption data and this is summarised below. For 

ease of analysis, the animals have been assigned to four groups based on the spread of actual 

consumption of test substance; however, this arbitrary division and the wide spread of values for 

achieved consumption has meant that statistical analysis of group differences is not appropriate.  

For the animals sacrificed on day 1, the data for plasma and RBC cholinesterase are also presented 

graphically; it can be seen from the graphs that there is generally a dose-related inhibition of 

cholinesterase activity in all compartments, and also that the achieved dose for most animals was well 

below the target level. A dose of 1.0 mg/kg can be considered to be a NOEL for cholinesterase 

inhibition in all compartments in both sexes on day 1. Significant inhibition is seen in all compartments 

in both sexes in the 4.0–12.0 mg/kg grouping. Several individual values for achieved consumption 

appeared to be anomalous in so far as either clear inhibition was seen at zero consumption or clear 

lack of inhibition was seen with significant consumption. These values lay well outside the mean values 

for the loose clustering of achieved doses, and may arise from technical error rather than individual 

variability. 

Table B8: Cholinesterase activity (% of control) on day 1 

 ACHIEVED DOSE 

mg/kg 

NO. OF 

RATS 

PLASMA RBC HC CC ST 

MALES 0 11 100% 100% 100% 100% 100% 

 0.1–1.0 14 87% 90% 94% 88% 97% 

 1.1– 3.9 8 92% 68% 93% 117% 114% 

 4.0–12.0 7 51% 53% 43% 54% 45% 

FEMALES 0 13 100% 100% 100% 100% 100% 

 0.1–1.0 15 105% 85% 96% 109% 98% 

 1.1–3.9 11 68% 61% 81% 65% 67% 

 4.0–12.0 1 58% 74% 68% 63% 52% 

RBC = red blood cells; CC = cerebral cortex; ST = striatum; HC = hippocampus 

By day 15, after 2 weeks recovery, there was no inhibition of plasma activity remaining in either males 

or females at any dose, while RBC activity remained inhibited in both sexes with a NOEL of 1.0 mg/kg 

(see the table below). Brain cholinesterase activity in all regions measured on day 15 was increased 

compared to the day-1 sacrifice but recorded biologically significant inhibition in both sexes in the high-

dose grouping with a NOEL less than 4.0 mg/kg.  
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Table B9: Cholinesterase activity (% of control) on day 15 

 ACHIEVED DOSE 

mg/kg 

NO. OF 

RATS 

PLASMA RBC HC CC ST 

MALES 0 8 100% 100% 100% 100% 100% 

 0.1–1.0 9 89% 98% 104% 94% 81% 

 1.1–3.9 15 91% 71% 106% 105% 85% 

 4.0–12.0 8 99% 67% 92% 77% 67% 

FEMALES 0 8 100% 100% 100% 100% 100% 

 0.1–1.0 8 120% 93% 83% 88% 86% 

 1.1–3.9 16 119% 91% 82% 88% 91% 

 4.0–12.0 8 106% 63% 62% 72% 79% 

RBC = red blood cells; CC = cerebral cortex; ST = striatum; HC = hippocampus  

Histopathology 

A supplementary microscopic histopathology report examined preparations from tissues in the high 

dose and control groups as follows: eyes, pituitary, brain (olfactory bulb, forebrain, caudate nucleus, 

hypothalamus/thalamus, midbrain, cerebellum, medulla), spinal cord (cervical, thoracic, lumbar), muscle 

(anterior tibialis and gastrocnemius), ganglions (cervical dorsal, lumbar dorsal, trigeminal), nerves 

(optic, sciatic, tibial, sural). Findings reported included: kidney dilatation and mineralisation in one 

kidney of a control female; a focal retinal fold/rosette in one eye of a high-dose female; single 

degenerating nerve fibres in one female control, one male control and two high-dose males. These 

findings are regarded as incidental and not related to treatment.  
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Figure B: ChE inhibition in males and females on day 1 

 

Comments 

The value of this study to the toxicological database is severely compromised by the variable intake of 

test substance within the original nominal dose groups, and then additional variation between the 

achieved dose of animals sacrificed on days 1 versus day 15. The results on day 15 may be considered 

more reliable due to more even intake of test substance across dose groups and between sexes. It is 

possible to consider 1.0 mg/kg as an overall NOEL for this study based on biologically significant 

inhibition of cholinesterase in one or more compartments at higher doses. 
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Studies: Cockrell (), Brennecke (1996), O’Shaughnessy D (2000)  and 
Jortner BS (2001) 

Cockrell 1992, Appendix, in Daly 1992b, A twelve month oral toxicity study of methyl parathion (E120) 

in the rat via dietary admixture with special focus on ocular and sciatic nerve effects. Project 87-

3208. Mobay Corporation, Stillwell Kansas. Performed by Bio/dynamics Inc, New Jersey. Report 

date: 20 January 1992. Study commenced: 15 October 1988. (GLP: US EPA) 

Brennecke LH 1996, Re-evaluation of selected peripheral (Sciatic and Tibial) nerve tissues from a 

previously submitted chronic toxicity study of methyl parathion to rats. Project 87-3208 Study 

#3189-346. Laboratory: Pathology Associates International. Sponsor: Cheminova Agro A/S. 

Report date: 30 December 1996. 

O’Shaughnessy D 2000,Pathology re-evaluation – 12 month neurotoxicity study in rats (Biodynamics 

study 87-3208). Cheminova Agro A/S, Denmark. [AS: NR] 

Jortner BS 2001, Neuropathology slide re-read – Biodynamics study 87-3208. Submitted by 

Cheminova Agro A/S, Denmark. [AS: Sub No. 12058] Stated to be conducted in compliance with 

USEPA GLP. 

The ECRP review of parathion-methyl included an evaluation of a 12-month dietary study in rats 

conducted by Daly (1992, Biodynamics study 87-3208). In this studyparathion-methyl was administered 

in the diet to SD rats for 12 months at 0, 0.5, 2.5, 12.5 or 50 ppm (equal to 0, 0.02, 0.11, 0.53 or 

2.21 mg/kg bw/day for males and 0, 0.026, 0.14, 0.7 or 3.09 mg/kg bw/day for females). A subgroup of 

5 rats/sex/dose were sacrificed for whole body perfusion during months 3, 6, 9, 12 and 13. Clinical 

signs at 50 ppm included aggressiveness, tremors, hyperactivity, transient abnormal/altered gait and 

loss of muscle tone. Bodyweight was statistically significantly decreased in rats at 50 ppm.  

Cockrell (1992) 

A neuropathology assessment involving qualitative and quantitative morphology was performed by Dr B 

Cockrell at the Experimental Pathology Laboratory, Virginia. Preparations of brain, spinal cord and 

sciatic nerve from animals subjected to whole body perfusion were examined for the control and 50 

ppm dose-group at  six months, and for all groups at 12 months. In addition, epoxy sections of the tibial 

and peroneal extensions of the sciatic nerve of the perfused animals were examined. Sural extensions 

of the sciatic nerve were used for teased nerve preparations, with a minimum of 50 teased nerves per 

animal. At the time, three cross-sections and three longitudinal sections of the sciatic nerve were 

examined, and at least 50 teased nerves were examined per animal.  

Results for the neuropathologic examinations performed by Cockrell are shown in the tables below. 
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Table B10: Incidence summary table for teased sciatic nerve fibres at 12 months (mean %) 

 0 PPM 0.5 PPM 2.5 PPM 12.5 PPM 50 PPM 

MALES 

Normal (No. examined) 99 (258) 97 (264) 97 (264) 96 (263) 95 (273) 

Myelin Ovoids 1 2 1 3 1 

Myelin Bubbling 0 0 1 0 0 

Demyelinated Lengths 1 2 1 2 4 

Remyelinated Lengths 0 0 0 0 0 

FEMALES 

Normal (No. examined) 98 (263) 100 (268) 100 (267) 99 (262) 96 (262) 

Myelin Ovoids 1 0 0 1 0 

Myelin Bubbling 0 0 0 0 0 

Demyelinated Lengths 1 0 0 1 4 

Remyelinated Lengths 0 0 0 0 0 

 

Table B11: Proximal sciatic nerve lesion incidence at 12-month sacrifice 

 0 PPM 0.5 PPM 2.5 PPM 12.5 PPM 50 PPM 

Males 

Myelin Bubbles 0/5 0/5 1/5 (2) 2/5 (2,2) 3/5 (2,1,1) 

Schwann Cell 

Proliferation 

0/5 0/5 1/5 (1) 2/5 (2,2) 3/5 (2,1,1) 

Females 

Myelin Bubbles 0/5 1/5 (1) 1/5 (3) 3/5 (3,3,3) 3/5 (2,2,1) 

Schwann Cell 

Proliferation 

0/5 1/5 (2) 1/5 (3) 3/5 (3,2,2) 1/5 (1) 

Lesion severity in parentheses (scale 1–5) 
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Table B12: Tibial nerve lesion incidence at 12-month sacrifice 

  0 PPM 0.5 PPM 2.5 PPM 12.5 PPM 50 PPM 

Males 

Myelin Bubbles 0/5 0/5 1/5 (2) 2/5 (3,3) 4/5 (2,1,1,1) 

Myelin Phagocytosis 0/5 3/5 (2,2,1) 2/5 (2,2) 1/5 (2) 1/5 (2) 

Regeneration 0/5 0/5 0/5 0/5 0/5 

Schwann Cell Proliferation 0/5 0/5 1/5 (2) 2/5 (3,3) 1/5 (2) 

Females 

Myelin Bubbles 0/5 0/5 2/5 (3,2) 0/5 3/5 (1,1,2) 

Myelin Phagocytosis 0/5 0/5 0/5 1/5 (2) 2/5 (1,2) 

Regeneration 0/5 0/5 0/5 0/5 1/5 (1) 

Schwann Cell Proliferation 0/5 0/5 2/5 (3,2) 0/5 0/5 

Lesion severity in parentheses (scale 1–5) 

Cockrell described a treatment-related effect in all dose groups. Teased nerve preparations at 

12 months revealed only a small percentage of lesion-bearing fibres. In perfused tissue examinations of 

the sciatic nerve, signs of myelin degeneration were seen at 6 months in animals on 50 ppm. At 

12 months there were myelin bubbles in the proximal sciatic nerve of all treatment groups, with only  

one occurrence in the 0.5 ppm group (lowest dose). At 13 months there was one occurrence of myelin 

bubbles in a control animal. Myelin bubbles are a sign of early myelin degeneration with oedematous 

fluid accumulating focally in the myelin sheath. This is similar to the occurrence of myelin ovoids in 

teased nerve preparations that were seen in the high-dose group from six months (only control and 

high-dose animals were examined at this stage). In the tibial nerve, there were signs of myelin bubbles 

at 2.5 ppm and phagocytosis of myelin in most treatment groups. Thus, there was a progression of 

degeneration involving phagocytosis of degenerating myelin and proliferation of Schwann cells that 

remove the debris.  

Examination of the thickness of nerve fibres in a cross-section of the sciatic nerve showed an increase 

in both demyelinated fibres and fibres surrounded by degenerating myelin, with myelin bubbles in high-

dose animals from six months. Measurement of the distances between the nodes of Ranvier, which has 

been noted to decrease with most degenerative neural diseases, yielded equivocal results, with males 

showing a slight decrease and females showing no change. 

Brennecke (1996) 

A re-examination of some of these slides was made by Dr L Brennecke of Pathology Associates 

International, in a report produced in 1996. In that assessment, one cross section and one longitudinal 

section were re-examined. The teased nerve slides were not re-examined; however, the biological 

significance of the effects were discussed. (Information from Cheminova toxicologist, NK Svanborg, in 
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August 1997 was that only a 1/3 of the slides were re-examined because the balance were unreadable 

due to storage artefacts). Myelin bubbles were found in the sciatic nerve at 14/36, 3/10, 3/10, 2/10 and 

10/34 of the slides examined, i.e. there was no evidence of any compound related effect on this finding. 

In the tibial nerve sections examined, only one incidence of a myelin bubble was found, which was in a 

control animal. There was no evaluation of myelin phagocytosis in this later study, which had been a 

feature that was present in all treatment groups in the initial study, although not showing a clear 

increase in frequency with increasing dose. There was no morphometic examination performed for this 

report.  

O’Shaughnessy (2000) 

Another re-evaluation of the slide preparations from Biodynamics Study 87-3208 was reported by 

O’Shaughnessy (2000). This report focused on tissues from high-dose and control groups found in the 

original study to have lesions, i.e. peripheral nerve sections, peripheral nerve teased fibres, and spinal 

cord and nerve roots. The author commented that the overall quality of the slides varied from good to 

extremely poor, with the majority of slides being ‘fair’. Additionally, that while adequate in most cases for 

diagnosis, the consistency of sampling and quality of fixation, embedding and sectioning, or teased fibre 

preparation were not adequate for detailed quantitative pathology. 

This study reported the presence of artefacts and problems as follows: poor initial fixation leading to 

ischemia/hypoxia in tissue resulting in oedema, ‘dark’ neurons, degeneration of tissues and splitting and 

folding of myelin; poor (osmium) post fixation leading to post-fixation of myelin varying from exterior 

surface of tissue to interior and this interior, unfixed myelin being lost in epoxy processing and not 

staining with toluidine blue; poor resin infiltration leading to blocks being soft and uneven, cutting poorly 

and staining poorly resulting in unreadable sections; crush artefacts where the tissues are distorted, 

giving an appearance like oedema if not well fixed, resulting in myelin ‘blobs’ forming in peripheral 

nerves; brittle teased nerves combined with rough handling leading to fracture of the teased fibres at 

Schmidt-Lanterman incisures and hence gaps that can be mistaken for degeneration; nerves not being 

held straight or aligned for sectioning leading to a wavy appearance make interpretation difficult. 

The author reported that all sections or teased nerve preparations of these tissues were examined and 

that re-evaluation was not limited to those specific slides that had been previously reported to display 

lesions. Results were provided as a table describing the incidence of axonal degeneration for control 

and high-dose animals sacrificed at 6, 12 and 13 months; the data are summarised in Table B13 below. 

O’Shaughnessy stated that the original findings (Cockrell) had reported ‘lesions’ such as demylenated 

segments and myelin bubbling that should be considered artefacts of preparation and storage and 

these were not reported in this re-evaluation. Similarly, the original report described Wallerian-like 

axonal degeneration with concomitant myelin phagocytosis, which this re-evaluation recorded simply as 

axonal degeneration. Proximal axonal swellings observed in the spinal cord were similarly regarded by 

the author as precursors to axonal degeneration. O’Shaughnessy also argues that the morphometry 

results initially reported were not reliable and the quality of sampling, fixation and preparation was not 

sufficient to attempt to apply any morphometric evaluation to the slides derived from the original study. 

The author further states that the original evaluation of peripheral nerve sections and teased fibres 

should be discounted on the dual basis that fractured fibres within teased-fibre preparations had been 
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misinterpreted as demyelinated segments, and that the preparations were of inadequate quality to 

meaningfully interpret the cross-sectional fibre counts and diameter measurements. 

Table B13: Incidence of axonal degeneration1 

  CONTROL HIGH DOSE 

6 months Males 2/9 grade 1 

1/9 grade 2 

6/9 normal 

2/10 grade 1 

8/10 normal 

 Females 3/10 grade 1 

7/10 normal 

5/10 grade 1 

5/10 normal 

12 months Males 4/13 grade 1 

1/13 grade 2 

8/13 normal 

3/14 grade 1 

1/14 grade 2 

10/14 normal 

 Females 3/12 grade 1 

1/12 grade 2 

8/12 normal 

3/17 grade 1 

3/17 grade 2 

11/17 normal 

13 months Males 1/4 grade 1 

3/4 grade 2 

1/4 grade 1 

2/4 grade 2 

1/4 normal  

 Females 3/4 grade 1 

1/4 normal 

1/3 grade 2 

2/3 normal 

1 Lesions were graded as: “1” (minimal, only 1-2 axons observed degenerating), “2” (moderate, 3-10 axons 

degenerating in all slides or teased preparations combined).  

O’Shaughnessy concluded that there was a low level of axonal degeneration seen in peripheral nerve 

of both high-dose and control animals. This was stated as being observed mostly in sections (both 

paraffin and epoxy) of sciatic and tibial nerve, with occasional degeneration present in teased fibres 

from high dose and control animals. Axonal swellings were stated as being present in lumbo-sacral 

spinal cord (ventral column) in a few animals and in the dorso-lateral column in one thoracic spinal 

segment. The study contains no details of the number of preparations examined nor any indication of 

how the reported summary grade of axonal degeneration was derived, thus rendering interpretation 

difficult. 
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Jortner (2001) 

In another re-evaluation of the pathology findings from BioDynamics Study 87-3208, Jortner (2001) 

examined coded slides (histologic sections) of rat spinal cord, sciatic nerve and tibial nerve, and teased 

fibre preparations of the latter, from male and female animals in the control and high-dose groups. The 

presented data were categorised using sex, duration (6, 12, or 13 months) and degree of tissue 

sampling. Sampling was described as ‘Extensive’ which encompassed hematoxylin and eosin (H and E) 

staining and luxol fast blue-Holmes (LFBH) stained spinal cord and sciatic nerve, toluidine blue stained 

tibial nerve and teased fibre preparations of tibial nerve; or ‘Limited’ which encompassed H and E 

stained spinal cord and sciatic nerve. 

The study author reported that the overall quality of the sections/slides available for study was poor, 

due to degradation over time and/or processing-induced artefacts. To illustrate this, the author stated 

the following: 

 For the spinal cord and sciatic nerve sections cut from paraffin-embedded tissue, pallor of the H and 

E stain was particularly prominent, and artefactual tears in the sections were sometimes noted. In 

addition, artefactual vacuoles in spinal cord white matter and splits in cauda equine myelin were 

prominent in the perfusion-fixed (extensively sampled) rats.  

 The toluidine blue-stained sections provided good resolution of individual myelinated fibres, with 

however, numerous artefacts, such as incomplete infiltration of the epoxy-resin embedding medium 

into the tissue sample resulting in inadequately stained deeper tissue regions. Additionally, even in 

properly infiltrated samples there were frequent myelin splitting and swelling artefacts. 

 The teased myelinated fibres commonly had artefactual breaks in individual fibres, separations and 

bubbles in mounting medium and pale, often variable staining intensity, the latter finding sometimes 

segmental along an individual fibre. 

The author further commented that qualitative interpretation of the sections required an observer 

experienced in recognition of the associated artefacts, and that given the degree of artefact, the teased 

fibre preparations were not suitable for morphometric assessment of axon diameter and internodal 

length. The toluidine blue-stained cross-sections of epoxy resin-embedded tibial nerve were similarly 

not suitable for morphometric evaluation of axon diameter or fibre number.  

Results 

The data were presented as an analysis of sections of spinal cord and sciatic nerve cut from 

paraffin-embedded tissue and stained with H and E, and (for some rats) LFBH staining. For each 

animal, changes in normal pathology were simply summarised as: NR (not remarkable—no lesions 

noted), +1 (1–4 degenerating fibres), +2 (5–8 degenerating fibres), or +3 (> 8 degenerating fibres). 

These data were considered to be not evaluable and are not presented here. 

More data were presented as analysis of toluidine blue stained cross- and longitudinal sections of 

peripheral nerve (presumably the tibial extension of the sciatic nerve) cut from epoxy resin-embedded 
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tissue. Lesions were reported as number of degenerating myelinated fibres/number of nerve sections 

(slides) examined, since varying numbers of such sections were present for the individual rats. The final 

dataset presented was analysis of teased myelinated nerve fibre preparations of tibial nerve, and 

lesions were reported as degenerating myelinated fibres/total myelinated fibres. These data were 

presented for individual animals and are summarised in the table below, which reports the incidence of 

degenerating myelinated fibres in ‘Extensively sampled’ animals. The author states that the reported 

lesions were axonal swelling, fibre degeneration, and phagocytosis (in peripheral nerves), consistent 

with Wallerian-like degeneration.  

Small numbers of such degenerating fibres were seen both in control and high dose rats, and the 

incidence and extent of these changes was similar in both groups at the 6, 12, and 13 months sacrifice 

time. There appears to be a temporal increase in fibre degeneration as reflected in comparison of the 

sections for the six- and 13-month-old animals.  

Table B14: Tibial nerve—myelinated fibre degeneration 

 SECTIONS1 TEASED2 

 CONTROLS HIGH DOSE CONTROLS HIGH DOSE 

6 months M 2/40 2/34 1/408 1/396 

6 months F 1/39 3/24 0/364 0/423 

12 months M 14/12 3/10 5/453 3/396 

12 months F 3/10 2/16 2/401 2/548 

13 months M 29/8 25/10 5/243 7/417 

13 months F 8/9 10/8 2/540 1/332 

1 Lesions reported as number of degenerating myelinated fibres/number of nerve sections (slides) examined;  

2 Lesions reported as degenerating myelinated fibres/total myelinated fibres. 

It is considered that this study does not unequivocally support the author’s conclusions that the test 

compound did not appear to induce Wallerian-like degeneration and hence exacerbate the increased 

incidence with age of this lesion in treated versus control animals. It is accepted that the available 

material was of inadequate technical quality for morphometric analysis by the author, but this does not 

necessarily invalidate the much earlier morphometry performed by Cockrell. While acknowledging that 

the degenerating fibres exist within large populations of histologically intact neurites in spinal cord and 

peripheral nerves, the inability to quantify the actual proportion makes interpretation difficult. While 

accepting that axonal swelling and degenerating myelinated nerve fibres in peripheral nerves are seen 

in normal ageing rats, it is considered that adequately documented historical control values for these 

parameters in this rat strain are required to interpret the data, given that this re-analysis is limited to 

control and high-dose groups. 
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Comments 

The original report by Cockrell analysed an extensive range of histological preparations from all dose 

groups at each scheduled sacrifice. The three subsequent re-evaluations of the histological material are 

not considered to invalidate the findings of that original analysis for various reasons. The presence of 

artefacts present in later examinations of some of the material does not necessarily indicate the 

frequency of these artefacts in the originally examined preparations. Additionally, artefacts are expected 

to occur randomly and hence not bias between group comparisons. O’Shaughnessy argues that several 

separate parameters (axonal swelling, myelin phagocytosis) should be grouped together as simply 

indicative of Wallerian degeneration. While this may be valid, the original quantitation of these findings 

as separate parameters is not invalidated as a means of between-group comparisons. The studies by 

Brennecke, O’Shaughnessy and Jortner are all based on only a subset of the original dataset and must 

lose resolving power as a consequence. 

Hence based on the findings from Cockrell, the original Daly (1992) study is considered to provide 

evidence of neuronal degeneration in animals at 2.5 ppm, with an occasional occurrence in animals at 

0.5 ppm. Although this occurred earlier than any degeneration in control animals, the single occurrence 

of a myelin bubble in the lowest dose animal is not considered biologically significant. Thus the NOEL 

for neuronal signs was considered to be 0.5 ppm in the diet, equal to 0.02 (males) and 

0.026 (females) mg/kg bw/day. 
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APPENDIX C—OCCUPATIONAL HEALTH AND SAFETY STUDY 
DETAIL AND DISCUSSION 

Worker exposure to parathion-methyl  in the course of open 
mixing/loading 

Study No: 5963: Occupational Exposure Assessment for Mixer/Loaders Handling EC Formulations of 

Parathion methyl. Johnston J.E., Supplemental Information for Report No. CEMS-1556, 

Exponent, Inc. Washington, DC, USA, June 2002 

The above biomonitoring study was performed to monitor exposures of mixing/loading handling of EC 

formulation (500 g/L) of parathion-methyl using open pour technique. In this study, the quantity of p-

nitro phenol (PNP), the primary metabolite of absorbed parathion-methyl, excreted in urine of human 

volunteers was measured and used as a quantitative measure of mixing/loading exposure. Data from 

this study are also reported in the following studies: 

Study No 5968: Biological monitoring of mixer/loaders during application of parathion methyl 500 g/L 

EC to apples in France. Rawle N.W. CEM Analytical Services Ltd. Report No. CEMR-1556, 2002 

Study No. 5964: Occupational exposure assessment for mixer/loader handling EC formulation of 

parathion methyl and for workers re-entering crops treated with EC and ME formulations of 

methyl-parathion. Johnston Jason E. Exponent, Inc. – Food & Chemicals Practice, Project 

identification – Parathion methyl 02-02–(2002) 

Study details 

Individual workers in the study performed all activities typically associated with mixing and loading 500 

g/L EC formulation of parathion-methyl for airblast applications to apples. A total of 12 workers 

participated in the study in the Midi-Pyrénées region of southern France.  The application rate was 80 

mL of end-use product (EUP) per 100 L spray volume.  The product was poured from 5 L containers. 

Workers handled 1.2 to 2.3 kg parathion-methyl for 23 to 86 minutes, during which they mixed total 

spray volumes ranging from 3000 to 5250 L. 

PPE  worn by the workers during mixing /loading activities included water-resistant Tyvek outer wear 

with hood, cotton coverall buttoned at the neck, chemical-resistant gloves (elbow-length for most 

workers), chemical-resistant footwear plus socks and full-face combined dust/mist filter respirator. 

Sampling and analysis 

Workers were restricted from exposure to a list of substances believed to contribute to PNP in urine 

during the study period.  Urine was collected in pre-weighed and coded Urisafe collection containers  

(3 L), which after weighing and acidification, were stored frozen until shipment.  Pre-exposure collection 

periods were 48–24 hours and 24–0 hours before exposure (referred to as day -2 and day -1, 

respectively), and post-exposure collection periods were 0–24 hours, 24–48 hours and 48–72 hours 
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from the time each individual started performing the mixing and loading activities (day 0, day 1 and day 

2, respectively).   

The amount of PNP in each urine sample was determined by gas chromatography-mass spectrometry 

using electron ionization.  Test substance in each batch was tested for storage stability during shipping 

and storage at each loading site.  Field fortification samples were prepared to measure the extractability 

and chemical stability of PNP in the urine samples under the conditions of sampling, packaging and 

shipping experienced by the worker-generated samples.  Analytical method performance was 

monitored through concurrent analysis of freshly fortified control samples along with field samples.  

Whenever necessary, a correction factor for loss of recovery due to the analytical method was applied 

to reported values in studies. 

Total daily urinary excretion of PNP was calculated from the concentration of PNP (µg/L) measured in 

the urine and the total urine volume (L) for each day. Gross PNP residues were converted to net PNP 

residue by subtracting each worker’s PNP average residue collected pre-exposure. The net PNP 

residues were then normalised to residue per kg bodyweight. 

Results 

Quantities of net PNP excreted over the course of the study ranged from 0 to 15.45 µg/day (Table C1). 

The absorbed dose of parathion-methyl was estimated from the urine PNP values by employing 

correction of molecular weight differences and for percent of internal dose not excreted (see attachment 

C2: Study to determine the relationship between parathion-methyl  dose and PNP in urine) in urine as 

PNP as below: 

PNP  as  urinein    excretednot    (%)  dose  Internal    excreted  PNPNet   
PNP  ofMW  

PM  ofMW  
  PM  Absorbed   

                      = 263.21/139.11 x Net PNP excreted x 100/72 

Discussion 

In this biomonitoring study, the quantity of PNP excreted in the urine of study volunteers was measured.  

Excretion of free and conjugated PNP in urine is an indicator of the absorbed dose of parathion-methyl  

from all routes of exposure. 

Workers in this study used open pour mixing/loading techniques, which are commonly employed in 

Australia. 

The product used in this study is similar to the parathion-methyl products registered in Australia (500 

g/L EC of parathion-methyl). The product used in the study was packed in 5 L containers.  However, 

Australian pack sizes vary from 20 L to 1000 L, which means that the number of mixing/loading 

operations will be less for the use pattern in Australia than that of study.  
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Table C1: PNP residues in urine samples and estimated absorbed parathion-methyl  in workers from open mixing/loading of an EC formulation for airblast 

application to apples 

SUBJECT 

NO. 

BODY 

WEIGHT  

(kg) 

PRODUCT 

HANDLED 

(L/day) 

PARATHION-

METHYL  

HANDLED 

(kg/day) 

SPRAY 

VOLUME  

(L) 

MIX/LOAD 

TIME 

(min) 

AREA 

TREATED 

(ha) 

NET PNP EXCRETEDA ABSORBED  

PMB 

(mg/kg ai/kg bw) 
(μg/PERSON) (mg/kg ai/kg bw) 

1 86 3.2 1.6 4000 51 9.2 15.5 0.000112 0.000298 

2 70 4 2.0 5000 44 10 0.4 0.000003 0.000008 

3 75 4.6 2.3 5000 46 10 9.6 0.000056 0.000148 

4 70 2.4 1.2 3000 57 10 4.9 0.000059 0.000156 

5 85 3.6 1.8 4500 34 10 1.9 0.000012 0.000032 

6 76 3.6 1.8 4500 29 10.2 0.4 0.000003 0.000008 

7 70 3.6 1.8 4500 49 10.5 1.2 0.000010 0.000025 

8 58 4 2.0 5000 42 10 0.4 0.000003 0.000009 

9 83 3.6 1.8 4500 23 10.2 12.1 0.000081 0.000215 

10 70 3.6 1.8 4500 19 10.5 0.4 0.000003 0.000008 

11 80 3.6 1.8 4500 20 10 9.8 0.000068 0.000181 

12 77 4.2 2.1 5250 86 10.5 0.4 0.000003 0.000008 

Mean 0.00003 0.000091 

a Total excretion on Days 0,1 and 2 minus background excretion (mean excretion of Day -2 and Day -1) 

b Estimated absorbed parathion-methyl  = Total net PNP (excreted 0–72 hours post exposure) x 263.21/139.11 x 1000/72 (correction of molecular weight differences and percent of internal 

dose not excreted in urine as PNP as measured in study no. 5962 in the appendix).  

c There was no estimated net PNP excretion for replicates 2, 6, 8, 10 and 12.  Therefore, net PNP excretion for these replicates was assumed to be equiv alent to one-half the lowest 

measured single day value (0.8 µg for Replicate 3 on Day 1) 
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The exposure duration used in this study varied between 23–86 minutes. The average amount of spray 

prepared by workers in this study was enough to treat 10 ha/day. Experience indicates that an average 

farmer spends one to two hours a day in mixing/loading a product for application to 30 ha of orchard per 

day. 

The amount of parathion-methyl handled in the study ranged from 1.2 to 2.3 kg. Based on the maximum 

Australian application rate of 100 mL/100 L for pome and stone fruits and spray volume of 500 L/ha, 

and assuming a work rate of 30 ha/day, the amount of parathion-methyl handled according to an 

Australian use pattern is about three times (7.5 kg/day) more than that in the study.  

After adjusting for the amount of parathion-methyl handled per day under Australian conditions, the 

study results are considered adequate for use in occupational exposure assessment. 

Study No. 5983: Occupational Exposure Monitoring of Aerial Mixing/Loading of PENNCAP® Utilizing 

Biological Monitoring. Aaron Rotondaro, Grayson Research, LLC. Report Number KP-99-15–

(2001).  

In this study, urine biomonitoring of PNP of workers who mixed and loaded Penncap-M for aerial 

application was undertaken to evaluate potential exposure of mixer/loader to parathion-methyl.  

Penncap-M is a flowable formulation consisting of a water suspension of polymeric-type microcapsules, 

which contain parathion-methyl at 240 g/L.  

Study details 

A total of 15 workers who had no known prior exposure to parathion-methyl participated in the study at 

three sites. The test substance packed in 10 L containers was mixed at a target rate of 4.7 L/ha with a 

target volume of 46.8 L/ha.  The maximum quantity of the product handled (165.6 L) corresponds to 

treatment of 35 ha. The actual number of times a worker performed mixing/loading activities were 

determined by the tank capacity on the aircraft used. At the first site, a 303 L tank was used, whereas at 

other two sites, the tank size was 568 L.  Workers performed all tasks (including cleaning and minor 

equipment repairs), during their participation in the study. 

PPE worn during mixing/loading included long sleeved shirt and trousers underneath coveralls, socks 

and rubber boots, protective gloves, goggles and dust/mist filter respirator. At one site, additional 

personal protective equipment (chemical resistant apron and rain hat) was worn. 

Sampling and analysis techniques were the same as described previously (Study No. 5963). 
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Inhalation monitoring 

In addition to the urine sample analyses, all the five workers at one site wore personal air monitoring 

devices.  The collection apparatus consisted of a pump operating at 2 L/min with a flow meter.  The 

sampling device was located in the breathing zone of the worker (front and back).  Sampling was 

carried out for the entire work cycle. 

Results 

The average net PNP for 24-hour worker urine sample composites from all the monitored subjects 

showed a significant increase in PNP levels after exposure (i.e. 24 hours following exposure) with a 

subsequent drop 24 hours later.  Net PNP excreted was used to estimate absorbed parathion-methyl  

after adjusting for molecular weight differences and internal dose not excreted in urine (Table C2). The 

average absorbed parathion-methyl found was 0.000029 mg/kg ai/kg bw (n=10), whereas at the site 

where additional personal protective equipment (chemical resistant apron and rain hat) was used, the 

value was 0.000006 mg/kg ai/kg bw (n=5). 

Inhalation exposure 

For three of the five subjects monitored, the air monitoring samples had no detectable residues for 

parathion-methyl. Two of the five subjects had results of 0.0822 and 0.195 µg/front section and one 

subject had 0.125 µg for the back section of the air tubing for parathion-methyl. From these results, the 

study author concluded that inhalation exposure potential is minimal during mixing/loading activities.  

Discussion 

In this biomonitoring study, worker exposure to parathion-methyl during mixing/loading of ME 

formulation of parathion-methyl for aerial application was assessed by determination of PNP and its 

conjugates in the workers urine.  In addition, personal air monitoring was undertaken to help define the 

main route of exposure. 

The results from personal air monitoring indicated minimal inhalation exposure during mixing/loading of 

ME formulation of parathion-methyl.  

Workers in this study used open mixing/loading techniques, which are commonly employed in Australia. 

In Australia, two ME formulations are registered; one is similar to the one used in this study and another 

is 450 g/L encapsulated suspension (CS) of parathion-methyl. Furthermore, Australian pack sizes vary 

from 5 L to 200 L.  

The amount of parathion-methyl handled in the study ranged from 31.8 to 39.7 kg. Based on the 

maximum Australian application rate of 3.1 L/ha for ground application in cotton (aerial application is not 
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registered in Australia) and assuming a work rate of 50 ha/day, the amount of parathion-methyl handled 

for Australian use pattern is similar (37.2 kg/day) to that used in this study.  

After adjusting for parathion-methyl handled/day under Australian conditions the study results (Table 

C2) are considered adequate for use in occupational exposure assessment. 
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Table C2. PNP residues in urine samples and estimated absorbed parathion-methyl  in workers from open mixing/loading of ME formulation for aerial 

application 

SUBJECT 

NO. 

PPEA 

 

PRODUCT 

HANDLED 

(l) 

PARATHION-

METHYL  

HANDLED (kg) 

TOTAL 

MIXTURE 

(L) 

AREA 

TREATED (ha) 

NET PNPB EXCRETED 
ABSORBED PMC 

(MG/KG AI/KG BW) (µg/kg bw) (mg/kg ai/kg bw) 

1 Normal 132.5 31.8 1325 53 0.3 0.000009 0.000025 

2 Normal 132.5 31.8 1325 53 0.17 0.000005 0.000014 

3 Normal 132.5 31.8 1325 53 0.12 0.000004 0.000010 

4 Normal 132.5 31.8 1325 53 0.38 0.000012 0.000032 

5 Normal 132.5 31.8 1325 53 0.2 0.000006 0.000017 

6 Normal 165.6 39.7 1820 66 0.54 0.000014 0.000036 

7 Normal 165.6 39.7 1820 66 0.44 0.000011 0.000029 

8 Normal 165.6 39.7 1820 66 0.67 0.000017 0.000045 

9 Normal 165.6 39.7 1820 66 0.46 0.000012 0.000031 

10 Normal 165.6 39.7 1820 66 0.79 0.000020 0.000053 

Mean 0.407 0.000011 0.000029 

11 Additional 165.6 39.7 1820 66 0.16 0.000004 0.000011 

12 Additional 165.6 39.7 1820 66 0.15 0.000004 0.000010 

13 Additional 165.6 39.7 1820 66 0.05 0.000001 0.000003 

14 Additional 165.6 39.7 1820 66 0.04 0.000001 0.000003 

15 Additional 165.6 39.7 1820 66 0.02 0.000001 0.000001 

Mean 0.084 0.000002 0.000006 
a 

Personal protective equipment: Normal - Long-sleeved shirt and trousers underneath coveralls, socks and rubber boots, protective gloves, goggles and dust/mist filtering r espirator and 

additional Long sleeved shirt and trousers underneath coveralls, socks and rubber boots, protective nitrile gloves, dust/mist filtering respirator, chemical resis tant apron face shield and rain 

hat 

b Total excretion on Days 0,1 and 2 minus background excretion (mean excretion of Day -2 and Day -1) 

c Estimated absorbed parathion-methyl  = Total net PNP (excreted 0 – 84 h post exposure) x 263.21/139.11 x 100/72 (correction of molecular weight differences and percent of internal dose 

not excreted in urine as PNP)
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Worker exposure to parathion-methyl in the course of closed 
mixing/loading 

Study No 5967:  Biological monitoring of workers mixing and loading a 4 lb/gallon EC formulation of 

parathion methyl for aerial application (using a MICRO MATIC ‘DV’ liquid transfer valve system). 

D. Larry Merricks Agrisearch Incorporated, Laboratory project ID 2904 – (2001). 

In this study, urine biomonitoring of PNP was undertaken in workers who mixed and loaded EC 

formulations of parathion-methyl using 56.8 L containers fitted with MICRO MATIC DV (closed) liquid 

transfer system for aerial application in order to evaluate potential exposure of M/L to parathion-methyl. 

Study details 

A total of 16 workers who had no known prior exposure to parathion-methyl participated in the study at 

three sites.  Workers performed closed mixing/loading of parathion-methyl product using 56.8 L 

containers fitted with MICRO MATIC DV liquid transfer system. Each worker handled 430–863 L of 

formulation containing 215–432 kg of parathion-methyl in one to four hours.  The maximum quantity 

handled (414 kg ai) corresponds to the application of 0.85 kg ai/ha to 486 ha/day. Each worker 

conducted work activities according to normal commercial practice and the product label. 

PPE worn during mixing/loading was long sleeved shirt and trousers underneath coveralls, chemical-

resistant gloves, chemical-resistant footwear plus socks, protective eyewear, chemical-resistant apron 

and dust/mist filter respirator. At one site, additional personal protective equipment (chemical resistant 

apron and rain hat) was worn. 

Sampling and analysis techniques were the same as described previously (Study No. 5963). 

Results 

Pair-wise statistical comparisons of the data on average pre-exposure samples and the day of exposure 

indicated a statistically significant increase in urinary excretion of PNP (p=0.008) in twelve of the sixteen 

workers on day of exposure.  Excretion of PNP decreased rapidly to pre-exposure levels for most 

workers. On day 1, seven workers had PNP levels greater than background, and on day 2, only three 

workers had PNP levels greater than background. 

Estimated exposure and absorbed parathion-methyl doses for each worker are given in Table C3. 

The study author concluded that urinary excretion of PNP correlates with observations of events such 

as spills, leaks or cleaning activities in the field that led to increased exposure. However, no correlation 

was apparent between PNP excretion and the quantity of parathion-methyl handled by the workers or 

the meteorological conditions at the three study sites.
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Table C3: PNP residues in urine samples and estimated absorbed parathion-methyl  in workers from closed liquid transfer system of EC formulation for 

aerial application 

SUBJECT 

NO. 

BODY WEIGHT 

(kg) 

PRODUCT HANDLED 

(L/day) 

PARATHION-METHYL  

HANDLED 

 (kg/day) 

MIX/LOAD TIME 

(minutes) 

AREA 

TREATED 

(ha) 

NET PNP EXCRETEDA ABSORBED PMB 

(mg/kg ai/kg bw) (µg) (mg/kg ai/kg bw) 

1 77.2 863 432 115 508 1.7 0.00000005 0.00000014 

2 92.3 568 284 135 325 12.9 0.00000049 0.00000131 

3 73.6 768 384 242 442 8.55 0.00000030 0.00000080 

4 76.4 430 215 205 246 37.9 0.00000231 0.00000613 

5 109.1 449 225 140 259 1 0.00000004 0.00000011 

6 127.3 795 398 245 468 41.2 0.00000081 0.00000216 

7 77.3 795 398 270 458 0.033c 0 0 

8 95.5 795 398 151 463 11.7 0.00000031 0.00000082 

9 95.5 852 426 141 486 0.033c 0 0 

10 86.4 852 426 152 486 7.1 0.00000019 0.00000051 

11 86.4 852 426 95 486 0.033c 0 0 

12 68.2 852 426 70 486 1.82 0.00000006 0.00000017 

13 90.9 852 426 65 486 0.065 0.00000000 0.00000000 

14 79.5 852 426 55 486 18.5 0.00000055 0.00000145 

15 86.4 852 426 64 486 29.2 0.00000079 0.00000211 

16 84.1 852 426 55 486 43.1 0.00000120 0.00000320 

Mean 0.00000044 0.00000118 

a Net PNP = Gross PNP – (average PNP found in respective worker’s samples collected at –48 to –24 and –24 to 0 hours).  
b
Estimated absorbed Parathion-methyl = 263.21/139.11 x Total mean PNP (excreted 0 – 84 hours post exposure) x 100/72 (correction of molecular weight differences and percent of internal 

dose not excreted in urine as PNP). PNP values were adjusted for  field fortification recovery that was 75.3% for Texas, 79.9% for Georgia and 76.0% for Arkansas sites.  
c
The data points with 0 values were replaced by one-half of the lowest measured single day value. 
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Discussion 

The product used in this study is similar to the parathion-methyl products registered in Australia (500 

g/L EC of parathion-methyl). The product was packed in 56.8 L containers fitted with MICRO MATIC DV 

(closed) liquid transfer system.  However, Australian pack sizes vary from 20 L to 1000 L.  

The exposure duration used in this study was one to four hours, during which each worker handled 

430–863 L of formulation.  The amount of parathion-methyl handled in the study ranged from 215kg to 

432 kg. Based on the maximum Australian application rate of 2.8 L/ha in cotton and assuming a work 

rate of 400 ha/day by aerial application, the amount of parathion-methyl handled for an Australian use 

pattern is 560 kg/day. It is to be noted that the aerial application is not registered in Australia. 

After adjusting for parathion-methyl handled/day under Australian conditions, the study results are 

considered adequate for use in occupational exposure assessment. 

Worker exposure to parathion-methyl in the course of application to 
potato (broadacre crops)  

Study No 5980: Biomonitoring Assessment of Worker Exposure to Parathion methyl During Application 

to Potatoes Using Penncap-M
®
 Microencapsulated Insecticide. Excel Research Services, Inc. 

Study Number ERS21007 – Tami I. Belcher (2001).  

In this study, urine biomonitoring of PNP was undertaken in workers who applied Penncap-M to 

potatoes using ground application equipment to evaluate potential exposure of applicators to parathion-

methyl.  Penncap-M is a flowable formulation consisting of a water suspension of polymeric-type 

microcapsules, which contain parathion-methyl at 240 g/L.  

Study details 

A total of 15 workers (five replicates at each site) participated in the study at three sites.  Exposure of 

each worker was measured following application of Penncap-M
 
at the maximum recommended label 

rate of 7 L/ha (1.67 kg a.i./ha) for potatoes.  Applications were made using an open-cab tractor and 

ground boom application equipment calibrated to deliver approximately 93.5 to 121.5 L/ha spray 

volume.  Each applicator treated approximately 81 ha of potatoes in 7 to 12 hours.  The applicator did 

not assist in the mixing or loading of the test substance into the spray equipment.  The applicator 

performed all activities routinely carried out using a ground boom sprayer.  This included tasks such as 

checking connections on the sprayer, adjusting sprayer flow rates, adjusting the boom, unclogging 

nozzles, or other repairs. 

All workers wore the label prescribed personal protective equipment—coveralls over long-sleeved shirt 

and trousers, waterproof gloves, chemical resistant footwear plus socks, protective eyewear, chemical-
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headgear for overhead exposure and a dust/mist filtering respirator. Sampling and analysis techniques 

were the same as described previously. 

Results 

Estimated exposure and absorbed parathion-methyl doses for applicators are given in Table C4. 

Discussion 

The exposure duration in this study varied between 7 and 12 hours, during which time each worker 

handled 561 L of Penncap-M (135 kg of parathion-methyl) to treat 81 ha using 7570–9840 L spray 

volume.   

Based on the maximum Australian application rate of 3.1 L/ha for ground application in cotton, and 

assuming a work rate of 50 ha/day, the amount of parathion-methyl handled for the Australian use 

pattern is 37.2 kg/day. Spray volumes used under Australian conditions are similar to that used in this 

study. After adjusting for parathion-methyl handled/day under Australian conditions, the study results 

are considered adequate for use in occupational exposure assessment. 
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Table C4: PNP residues in urine samples and estimated absorbed parathion-methyl in workers from application of Penncap-M using open-cab tractor and 

ground boom application equipment in potatoes. 

SUBJECT 

NO. 

BODY WEIGHT 

(kg) 

PRODUCT 

HANDLED 

(L/day) 

PARATHION-

METHYL  

HANDLED 

(kg/day) 

SPRAY 

VOLUME 

(L) 

APPLICATION 

TIME 

(hours) 

AREA 

TREATED 

(ha) 

NET PNPA EXCRETED ABSORBED PMB 

(mg/kg ai/kg bw) 
(µg) (mg/kg ai/kg bw) 

1 125 561 135 NA NA NA 215.3 0.0000128 0.000034 

2 127 561 135 NA NA NA 57.6 0.0000034 0.000009 

3 86 561 135 NA NA NA 26.5 0.0000023 0.000006 

4 86 561 135 NA NA NA 82.1 0.0000071 0.000019 

5 86 561 135 NA NA NA 31.0 0.0000027 0.000007 

6 68 561 135 7509 10.1 81 133.8 0.0000146 0.000039 

7 80 561 135 7586 9.9 81 33.8 0.0000031 0.000008 

8 75 561 135 7586 7.9 81 5.2 0.0000005 0.000001 

9 66 505 121 6836 7.3 73 17.0 0.0000021 0.000006 

10 86 561 135 7586 8.3 81 22.3 0.0000019 0.000005 

11 123 561 135 7509 9.5 81 76.8 0.0000046 0.000012 

12 100 561 135 7586 9.1 81 5.4 0.0000004 0.000001 

13 82 561 135 7509 10.7 81 119.7 0.0000108 0.000029 

14 159 561 135 7586 9.5 81 55.0 0.0000026 0.000007 

15 84 561 135 7509 7.6 81 33.0 0.0000029 0.000008 

Mean 0.0000048 0.0000127 

a Net PNP = Gross PNP – average PNP found in respective worker’s samples collected at –48 to –24 and –24 to 0 hours.  

b The net PNP was corrected for mean field fortification recovery and adjusted to an 8 -hour workday. 

Estimated absorbed parathion-methyl = 263.21/139.11 x PNP x 100/72 (correction of molecular weight differences, loss of rec overy due to analytical method and percentage of internal dose 

not excreted in urine as PN 

NA – not available
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Worker exposure to parathion-methyl in the course of entering fields 
post application activities (re-entry exposure) 

Study No. 5565:  Biomonitoring assessment of worker exposure to parathion methyl during sweet corn 

hand-harvesting following applications of PENNCAP-M® microencapsulated insecticide.  

American Agricultural Services, Inc. Study Number KP-99-17 (2000). 

Study No. 5563:  Biomonitoring assessment of worker exposure to parathion methyl during cotton 

scouting following applications of PENNCAP-M® microencapsulated insecticide. American 

Agricultural Services, Inc. Study Number KP-2000-02 (2000). 

Introduction 

In these two studies, exposure to parathion-methyl of individuals hand-harvesting sweet corn and 

performing typical cotton scouting in fields treated with PENNCAP-M® was monitored. Total exposure 

to parathion-methyl was assessed by determining PNP and its conjugates in urine samples of workers 

before, during and after exposure to parathion-methyl.  

Study details 

In the first study with sweet corn harvesters, two plots were established at the test site in Florida. One 

plot (5 ha) was treated and the other served as control.  The ‘vail’ variety of corn was planted and 

cultured using normal agronomic practices. Four late-season applications of PENNCAP-M (240 g/L 

parathion-methyl) were made to cornfields at a rate of 840 g ai/ha. Applications were made using aerial 

spray equipment. 

Each of the 16 workers performed sweet corn hand harvesting on the fourth day after the last 

application of the insecticide to the test plot. Workers wore trousers, undershirt, long-sleeved shirt, 

socks, underwear and closed shoes during corn harvesting. None wore gloves.   

Sweet corn harvesting involved walking through the field and breaking off whole ear and throwing it into 

the collection bin on the packing train as it moved through the field. The work began at 7 am and 

proceeded ostensibly uninterrupted until 12:40 pm (5.6 hours of in-field exposure). The total time from 

the beginning of exposure until the workers removed work clothing was about 8.5 hours. 

In the second study on cotton scouting, one plot was established at each of the three test sites located 

in California (site 1), Louisiana (site 2) and Texas (site 3). The plots were 1.8–2.1 hectares in size.  

Cotton was planted and cultured using normal agronomic practices.  Penncap-M (240 g/L parathion-

methyl) was applied to the three plots at a rate of 1.12 kg ai/ha.  Four applications were made at five-

day intervals using boom sprayers.  The fourth application was made four days prior to cotton scouting. 
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Each of the 15 workers (five at each site) performed cotton scouting four days after the last application 

of the insecticide to test plots.  Workers wore trousers, undershirt, long-sleeved shirt, socks, underwear 

and closed shoes during scouting. None wore gloves.   

Cotton scouting began at 6 am.  A full-day work cycle consisted of six scouting cycles.  A scouting cycle 

was one-hour in duration of which 45 minutes were spent in the field actively moving through the field 

and touching plants followed by a 15-minute out-of-the-field break. The rest of the day schedule 

mimicked the routine activities of a typical cotton scout. 

Sample collection 

Urinary output for 24 hours of each worker was collected for the periods of 2 days and 1 day pre-

exposure, day of exposure (day 0), 1- and 2-day post-exposure. Urine was collected in pre-weighed 

and coded Urisafe urine collection containers (3 L) and stored in a cooler with blue ice pack until it could 

be transported for analysis. The urine samples were weighed and volume recorded and 100-mL aliquot 

samples were sent to the analytical laboratory. 

Field fortification samples were prepared to measure the extractability and chemical stability of PNP in 

the urine samples under the conditions of sampling, packaging and shipping. Analytical method 

performance was monitored through concurrent analysis of freshly fortified control samples along with 

field samples. All reported field fortification recoveries were corrected for the mean recovery of 

concurrently analysed PNP fortified control samples. 

Gross PNP residues were converted to net PNP residue by subtracting each worker’s PNP average 

residue collected pre-exposure. The net PNP residues were then normalised to residue per kilogram 

bodyweight. 

Results 

Overall field fortification sample results for PNP ranged from 78% to 131% with a mean and standard 

deviation of 96% ± 9.6 (n=54). Stability data indicate that PNP and its glucuronide and sulphate 

conjugates were stable in acidified (stabilized) urine stored frozen at –20
o
C ± 5

o
C for up to 30 days. 

Worker urine samples revealed a maximum excretion of PNP during the 24 hours following initiation of 

exposure (0-day sampling event).  

Estimated mean net PNP in workers’ urine samples following harvesting of sweet corn after parathion-

methyl application is presented in Table C5.  Following exposure, PNP excretion levels dropped quickly, 

approaching baseline (pre-exposure) levels within 72 hours of initiation of exposure. 

In workers performing cotton scouting, PNP excretion levels were significantly lower than those in sweet 

corn field workers (Table C6).  The values dropped quickly to baseline levels for 14 of the 15 workers 

studied, within 96 hours of initiation of exposure. 



 APPENDICES 112 

 

Discussion 

The above two studies were conducted to estimate worker exposure to parathion-methyl when entering 

treated fields for either harvesting or scouting of crops.  Hand harvesting and cotton scouting activities 

were chosen for the studies as these activities have been determined to be the ‘worst-case’ exposure 

scenario among re-entry activities associated with sweet corn and cotton culture. 

Results in both studies showed that exposure to parathion-methyl  (urinary excretion of PNP) was 

highest on the day the activities were performed and declined rapidly soon after, approaching baseline 

levels within 96 hours of initiation of exposure.  Overall recoveries of PNP samples, following 

fortification, were more than 90% and indicated that the samples were successfully analysed. 

These studies used Penncap-M containing 240 g/L parathion-methyl, which is also registered in 

Australia.  Agricultural activities performed in the studies are similar to those carried out in Australia.  

The studies are therefore considered adequate for the estimation of exposure to parathion-methyl of 

workers entering treated fields for various agricultural activities. Because workers were not wearing 

label personal protective equipment, the results are considered representative for re-entry workers, and 

are directly comparable to exposure data derived from DFR estimates. 
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Table C5: PNP residues in urine samples and estimated absorbed parathion-methyl  in workers during hand harvesting sweet corn four days after 

PENNCAP-M application (0.85 kg a.i./ha) 

SUBJECT 

BACKGROUNDB 

PNP (µg) 

TOTAL PNP (µG) NET PNP (µG)C 

NET TOTAL PNP 

(DAYS 0+1+2) 

ABSORBED PMD 

(mg/kg bw) No. 

BODY WT 

(kg) DAY 0 DAY 1 DAY 2 DAY 0 DAY 1 DAY 2 

1 61 7.1 46.5 27.0 7.4 39.4 19.9 0.3 59.7 0.003 

2 64 1.9 45.0 20.5 7.8 43.1 18.6 5.9 67.5 0.003 

3 63 1.9 36.4 10.8 7.5 34.5 8.9 5.6 49.1 0.002 

4 61 9.3 60.2 28.2 12.2 50.9 18.9 2.9 72.6 0.003 

5 59 8.9 71.6 11.9 6.5 62.7 3.0 0.0 65.7 0.003 

6 68 2.4 43.2 16.2 6.4 40.8 13.8 4.1 58.7 0.002 

7 68 28.5 51.7 20.1 25.4 23.3 0.0 0.0 23.3 0.001 

8 68 3.3 55.5 24.1 12.8 52.2 20.8 9.5 82.6 0.003 

9 50 8.2 52.6 12.0 9.0 44.4 3.8 0.9 49.1 0.003 

10 61 2.7 67.7 13.0 8.9 65.0 10.3 6.3 81.6 0.004 

11 68 2.8 101.0 19.2 10.7 98.2 16.4 7.9 122.6 0.005 

12 59 1.9 103.0 15.0 3.2 101.1 13.1 1.3 115.6 0.005 

13 59 3.4 38.3 11.2 7.6 35.0 7.9 4.3 47.1 0.002 

14 63 1.7 35.6 20.9 5.7 33.9 19.2 4.0 57.2 0.002 

15 59 2.8 57.5 15.4 4.2 54.7 12.6 1.4 68.7 0.003 

16 71 3.2 39.9 19.4 6.8 36.7 16.2 3.6 56.5 0.002 

Mean 51.0 12.7 3.6 67.3 0.003 

a Day-0 is day of exposure and day 1 and 2 are 1, and 2 days post -exposure, respectively  

b Background PNP Levels are average PNP excreted on day –2 and day -1 

c Net PNP = Total PNP – Background PNP levels (for each day) 

d Estimated absorbed parathion-methyl  = Total net PNP x 263.21/139.11 x 100/72 (correction of molecular weight differences and percentage of internal dose not excreted in urine as PNP) 
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Table C6: PNP residues in urine samples and estimated absorbed parathion-methyl  in workers during re-entry of fields to scout cotton following four mid-

season applications of PENNCAP-M® (1.13 kg a.i./ha) 

SITE 

SUBJECT 
 BACK-

GROUNDB 

PNP 

TOTAL PNP (µG) NET PNP (µG)C NET TOTAL 

PNP 

(DAYS 

0+1+2+3) 

ABSORBED 

PMD 

(mg/kg bw) NO. 

B. WT 

(kg) DAY 0 DAY 1 DAY 2 DAY 3 DAY 0 DAY 1 DAY 2 DAY 3 

1 

1 93 2.61 11.2 7.39 2.55 3.26 8.59 4.79 0 0.66 14.04 0.00040 

2 92 6.34 7.42 5.3 3.65 2.98 1.09 0 0 0 1.09 0.00003 

3 120 2.71 14.4 5.11 3.64 4.29 11.69 2.39 0.93 1.58 16.58 0.00037 

4 79 2.54 5.78 1.73 2.24 2.53 3.24 0 0 0 3.24 0.00011 

5 103 3.15 12.5 1.14 4.41 3.69 9.35 0 1.26 0.54 11.15 0.00029 

Mean 6.79 7.18 0.44 0.55 9.22 0.00024 

2 

6 129 9.05 20.4 8.54 7.63 8.95 11.35 0 0 0 11.35 0.00023 

7 84 3.87 42.4 12.7 14.5 13.1 38.54 8.84 10.64 9.24 67.24 0.00213 

8 59 2.66 22.5 3.22 4.58 3.81 19.84 0.56 1.92 1.15 23.47 0.00106 

9 75 7.44 36.3 15.7 9.68 10.4 28.86 8.26 2.24 2.96 42.32 0.00150 

10 118 7.16 22.7 6.64 9.91 5.43 15.54 0 2.75 0 18.28 0.00041 
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SITE 

SUBJECT 
 BACK-

GROUNDB 

PNP 

TOTAL PNP (µG) NET PNP (µG)C NET TOTAL 

PNP 

(DAYS 

0+1+2+3) 

ABSORBED 

PMD 

(mg/kg bw) NO. 

B. WT 

(kg) DAY 0 DAY 1 DAY 2 DAY 3 DAY 0 DAY 1 DAY 2 DAY 3 

Mean 22.82 3.53 3.51 2.67 32.53 0.00107 

3 

11 66 15.10 11.5 8.53 7.32 4.46 0 0 0 0 0.00 0.00000 

12 77 2.76 61.2 7.81 4.96 3.48 58.44 5.05 2.2 0.72 66.41 0.00229 

13 73 7.12 21.3 8.49 9.41 4.92 14.18 1.37 2.29 0 17.84 0.00065 

14 53 7.23 9.59 4.66 11.12 7.69 2.36 0 3.89 0.46 6.71 0.00034 

15 70 6.62 44.4 14.5 12.7 9.07 37.78 7.88 6.08 2.45 54.19 0.00206 

Mean 22.55 2.86 2.89 0.73 29.03 0.00107 

Grand Mean 23.59 0.00079 

a Day 0 is day of exposure and day 1, 2 and 3 are 1, 2, and 3 day post -exposure, respectively  

b Background PNP Levels are average PNP excreted on day –2 and day -1 

c Net PNP = Total PNP – Background PNP level for each day 

d Estimated absorbed parathion-methyl  = Total net PNP x 263.21/139.11 x 100/72 (correction of molecular weight differences and percentage of internal dose not excreted in urine as PNP)  
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Determination of dislodgeable foliar residues (DFR) in plant foliage 
treated with parathion-methyl (Re-entry exposure) 

The registrant has submitted six studies conducted to measure DFR in three crops; apples, sweet corn 

and cotton.  Studies for each crop type have been grouped together for discussion. 

DFR studies in apple crops 

Study No. 5965: Dissipation of Dislodgeable Foliar Parathion Methyl and Methyl Paraoxon Residues 

Following Applications of Parathion methyl 500 g/L EC Insecticide in Apples in France: Report 

No. CEMR-1557, CEM Analytical Services Ltd., Berkshire, UK, June 2002. 

Study No. 5966:  Dissipation of Dislodgeable Foliar Parathion Methyl and Methyl Paraoxon Residues 

Following Applications of Parathion methyl 450 g/L CS Insecticide To Apples in France: Report 

No. CEMR-1558, CEM Analytical Services Ltd., Berkshire, UK, June 2002. 

Introduction 

These two studies were designed to determine the DFR of parathion methyl (parathion-methyl) and 

methyl paraoxon (MPO) from apple foliage over time following four late-season foliar applications of 

products containing 500 g/L parathion-methyl as EC and 450 g/L parathion-methyl as ME formulations. 

Study details 

The trial design included one treated plot and one non-treated (control) plot.  Applications were made 

with an airblast sprayer closely simulating commercial applications. Four late season applications of 

parathion-methyl products were made at 14-day intervals at a rate of 1 kg ai/ha using a maximum of 

1088 L/ha spray volume. 

Sampling 

Leaf disc specimens were collected one day before application and at regular intervals after application 

until day 35. Each specimen consisted of 40 leaf discs of one-inch diameter, giving a combined leaf 

area of 405 cm
2 
(both sides).  At each occasion, one specimen was collected from the control plot and 

three replicate specimens were collected from the treated plot.  DFR (parathion-methyl and MPO) from 

leaf discs were dissolved in 200 mL of 0.01% (v/v) Aerosol® OT solution. 

Analytical procedures 

Aliquots of the DFR solutions were analysed using the gas chromatography (GC) and flame photometry 

detection (FPD) method.  Briefly, the specimen (5 mL) was passed through a graphitised carbon solid 
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phase extraction cartridge. Parathion-methyl and MPO were eluted with dichloromethane: methanol 

(80:20 v/v) mobile phase and the eluate was concentrated prior to detection using GC/FPD. 

The limit of quantitation (LOQ) of the method was 0.01 µg/mL, which is equivalent to 2 µg/specimen or 

0.005 µg/cm
2
.  The limit of detection was assessed to be 50% of the LOQ i.e. 0.005 µg/mL. Specimens 

were analysed in batches along with two procedural recovery specimens fortified with parathion-methyl 

and MPO at 2, 100 and 2000 µg/specimen. 

Results 

For the 500 g/L EC formulation, total DFR (parathion-methyl + MPO) was 0.66 µg/cm
2
 on the day of 

fourth and final application (day 0, see Table C7).  Total DFR declined to 0.01 µg/cm
2
 three days after 

the final application and to <0.01 µg/cm
2
 five days after final application. 

For the 450 g/L EC formulation, total DFR was 1.76 µg/cm
2
 on the day of fourth and final application 

(day 0, see Table C7). Total DFR was 0.44 µg/cm
2
 three days after the final application and declined 

gradually to 0.02 µg/cm
2
 35 days after the final application. Total DFR in all untreated specimens was 

less than the limit of quantitation (0.01 µg/cm
2
).  

Mean recoveries of parathion-methyl and MPO following fortification of specimens with 2, 100 and 2000 

µg per specimen were above 92%. Laboratory procedural recoveries were above 90% for both 

analytes. 

Table C7: Parathion methyl (parathion-methyl) and methyl paraoxon (MPO) residues on treated 

leaves after the fourth application (airblast) of parathion-methyl 500 g/L EC or 

parathion-methyl 450 g/L EC on apple crops 

SAMPLING 

EVENT 

PARATHION-METHYL   

500 g/L EC (µg/cm2) 

PARATHION-METHYL   

450 g/L EC (µg/cm2) 

PARATHIO

N-METHYL  

RESIDUEA 

MPO 

RESIDUEa 
TOTAL 

PARATHIO

N-METHYL  

RESIDUEa 

MPO 

RESIDUEa 
TOTAL 

-2 DAA ND ND <0.01 <0.005 ND <0.01 

-1 DAA ND ND <0.01 0.27 <0.005 0.27 

0 DAA 0.66 ND 0.66 1.76 0.01 1.76 

1 DAA 0.10 0.007 0.11 1.04 0.01 1.05 

2 DAA 0.04 ND 0.04 1.05 0.01 1.06 

3 DAA 0.01 ND 0.01 0.44 <0.005 0.44 

5 DAA ND ND <0.01 0.38 <0.005 0.38 

7 DAA ND ND <0.01 0.26 <0.005 0.26 

10 DAA ND ND <0.01 0.26 <0.005 0.26 

14 DAA ND ND <0.01 0.17 ND 0.17 

28 DAA ND ND <0.01 0.05 ND 0.05 

35 DAA ND ND <0.01 0.02 ND 0.02 
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a Mean of three samples; ND = Not detected i.e. <0.0025 µg/cm
2
 (50% of limit of quantification). 

DAA = Days after application. 

Discussion 

In these studies, dissipation of parathion-methyl was monitored by measuring parathion-methyl and 

MPO on foliage specimens for up to 35 days after application.  Applications were made with an airblast 

sprayer, a method commonly used in Australia. 

The products used in this study are similar to the parathion-methyl products registered in Australia 

(Folidol 450 CS and three products containing parathion-methyl as 500EC). 

The study results are considered adequate for use in occupational exposure assessment (estimation of 
re-entry intervals). 

DFR studies in sweet corn 

Study No. 5562:  Foliar Dislodgeable Residue Dissipation of PENNCAP-M® in Sweet Corn (EPA Region 

1): (Study No. KP-99-16, Elf Atochem North America Inc., Philadelphia, USA, December 2000). 

Study No. 5984:  Post-application Exposure Monitoring: Foliar Dislodgeable Residue Dissipation of 

PENNCAP-M® in Sweet Corn (EPA Region 1): (Study No. KP-2000-08, Elf Atochem North 

America Inc., Philadelphia, USA, November 2000). 

Introduction 

The purpose of these studies was to determine the levels of parathion-methyl and MPO that could be 

dislodged from sweet corn foliage that received four late season applications of Penncap-M 

Microencapsulated Insecticide (240 g/L parathion-methyl). 

Study details 

Two separate studies were conducted to measure dissipation of DFR from sweet corn crops after 

application of 840 g ai/ha.  In the first study, two field-test sites were chosen, one in each of the 

commercial sweet corn production areas of California (Site 1) and Florida (Site 2).  Two plots were 

established at each test site; one served as an untreated control.  The area of the treated plot was 

approximately 280 m
2
.  The treated plots at the two sites were further divided into three replicate 

subplots. 

In the second study, two different batches of Penncap-M, Batch 1 (Batch EHP-08M9-11) and Batch 2 

(Batch EHP-02F9-025) were used. Three plots were established at the test site. One plot was 

designated as untreated control and two plots received treatments. The treated plots were further 

divided into three replicate subplots.   
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In both studies sweet corn was planted and cultured using normal agronomic practices. No overhead 

irrigation was applied at the trial sites. 

Treated plots received four applications of Penncap-M, each at a rate of 0.75 pounds ai/acre (840 g/ha).  

Applications were made at three-day intervals by ground spray equipment, except at Site 2, where 

applications were made using aerial spray equipment.  The first application was timed such that the 

day-4 sampling event would coincide with maturity of the sweet corn crop. 

Sampling and analytical procedures were similar to those described for DFR studies in apple crops.  

The target LOQ was 0.01 µg/cm
2  

and the target limit of detection (LOD) was assessed to be one-third 

of the LOQ, i.e. 0.003 µg/cm
2
.  To monitor procedural recovery of DFRs, field fortification samples were 

analysed concurrently with associated freshly fortified control samples. 

Results 

No DFRs were found in untreated control samples.  Overall, parathion-methyl procedural recoveries 

yielded a mean 92% ± 9.1, with MPO procedural recoveries yielding a mean 97% ±11. 

Parathion-methyl and MPO residues (means of three replicates) from sweet corn leaves are presented 

in Tables C8 and C9. Samples were collected on the day of each application (four applications) and 

from day 1 to day 35 after the last application. 

In the first study (Table C8), DFR levels were similar at Sites 1 and 2 immediately after the first spray.  

Thereafter, residue levels at Site 2 (aerial spray) remained higher than those at Site 1. By day 4 after 

the fourth application, parathion-methyl and MPO levels declined to less than 0.01 µg/cm
2
 at Site 1, 

whereas at Site 2, the residues declined very slowly to 0.03 to less than 0.01 µg/cm
2
 by day 28. 

In the second study (ground spray), total DFR levels (parathion-methyl and MPO) were similar for both 

batches of the product up to the fourth application. Thereafter, residues from Batch 1 declined at a 

higher rate than those from Batch 2. By day 14, residues from Batch 1 product had fallen to below 

quantitation level, whereas residue from Batch 2 product took another couple of weeks to reach this 

level. 

Discussion 

In the two DFR studies, dissipation of parathion-methyl was monitored by measuring parathion-methyl 

and MPO residues on sweet corn foliage specimens for up to 35 days after application of parathion-

methyl. 

The ME formulation containing 240 g/L of parathion-methyl was used in the studies. A similar ME 

product is also registered in Australia (240 g/L parathion-methyl). The product was applied by aerial 
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application using fixed winged aircraft and by ground application using a high-clearance boom sprayer.  

These application methods are commonly used in Australia. 

Although parathion-methyl is not registered for sweet corn in Australia, the application rates used in the 

studies (840 g ai/ha) are similar to that registered on other crops in Australia (up to 1400 g ai/ha on 

cotton).  Mean recovery of parathion-methyl following fortification of specimens was 95% ± 7.8. 

Laboratory procedural recoveries were also above 97% for both analytes. The study results are 

considered adequate for use in OHS risk assessment. 

Table C8: Corrected average dislodgeable parathion methyl (parathion-methyl) and methyl 

paraoxon (MPO) residues in sweet corn treated with Penncap-M Microencapsulated 

Insecticide 

APPLICATION 

NO. 

SAMPLING 

EVENT 

CORRECTED AVERAGE DISLODGEABLE FOLIAR RESIDUES* (µg/cm2) 

SITE 1 (GROUND APPLICATION) SITE 2 (AERIAL APPLICATION) 

PARATHION-

METHYL  
MPO TOTAL 

PARATHION-

METHYL  
MPO TOTAL 

 Pre-appl. <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

1st Appl 0 DAA 0.89 <0.01 0.89 0.96 0.02 0.97 

2nd Appl 0 DAA 0.65 <0.01 0.65 1.14 0.03 1.17 

3rd Appl 0 DAA 0.93 <0.01 0.93 1.85 0.05 1.90 

4th Appl 0 DAA 0.86 <0.01 0.86 2.21 0.05 2.27 

 1 DAA 0.27 <0.01 0.27 1.17 0.05 1.22 

 2 DAA 0.02 <0.01 0.02 0.77 0.05 0.82 

 3 DAA N/A N/A N/A 0.67 0.04 0.72 

 4 DAA <0.01 <0.01 <0.01 N/A N/A N/A 

 5 DAA N/A N/A N/A 0.31 0.02 0.32 

 7 DAA <0.01 <0.01 <0.01 0.25 0.02 0.27 

 14 DAA <0.01 <0.01 <0.01 0.09 <0.001 0.09 

 21 DAA N/A N/A N/A 0.06 <0.001 0.06 

 28 DAA N/A N/A N/A 0.03 <0.001 0.03 

 35 DAA N/A N/A N/A N/A N/A N/A 

*Average of three treated subplots; DAA = Days after fourth application. NA = Not anal ysed 

Values were corrected for the mean recovery from currently analysed freshly fortified samples.  
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Table C9: Corrected average dislodgeable parathion methyl (parathion-methyl) and methyl 

paraoxon (MPO) residues in sweet corn treated with two different batches of 

Penncap-M Microencapsulated Insecticide (ground application) 

APPLICATION 
SAMPLING 

EVENT 

CORRECTED AVERAGE DISLODGEABLE FOLIAR RESIDUE* (µg/cm2) 

BATCH 1 BATCH 2 

PARATHION-

METHYL  
MPO TOTAL 

PARATHION

-METHYL  
MPO TOTAL 

 Pre Appl <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

1st Appl 0 Day 1.06 0.01 1.07 1.16 <0.01 1.16 

2nd Appl 0 Day 1.55 <0.01 1.55 1.28 <0.01 1.28 

3rd Appl 0 Day 1.95 <0.01 1.95 2.05 <0.01 2.05 

4th Appl 0 Day 1.47 <0.01 1.47 0.70 <0.01 0.70 

 8 HAA 0.87 0.014 0.88 0.80 <0.01 0.80 

 1 DAA 0.53 <0.01 0.53 0.56 <0.01 0.56 

 2 DAA 0.23 <0.01 0.23 0.30 <0.01 0.30 

 3 DAA 0.15 <0.01 0.16 0.35 <0.01 0.35 

 4 DAA 0.09 <0.01 0.09 0.28 <0.01 0.28 

 7 DAA 0.01 <0.001 0.01 0.02 <0.01 0.02 

 10 DAA 0.003 <0.001 0.003 0.02 <0.001 0.02 

 14 DAA <0.01 <0.001 <0.01 0.01 <0.001 0.01 

 21 DAA - - - 0.03 <0.001 0.04 

 27 DAA - - - 0.001 <0.001 0.002 

 35 DAA - - - 0.001 <0.001 0.001 

*Average of three treated subplots; DAA = Days after fourth application; HAA = Hours after fourth application  

Values were corrected for the mean recovery from currently analysed freshly fortified samples.  

DFR studies for cotton 

Study No. 5564:  Dissipation of Dislodgeable Foliar Parathion methyl Residues Following Application of 

PENNCAP-M® Microencapsulated Insecticide to Cotton: (Study No. KP-2000-01, Elf Atochem 

North America Inc., Philadelphia, USA, August 2000).  

Study No. 5969:  Dissipation of Dislodgeable Foliar Parathion methyl and Methyl Paraoxon Residues 

After Application of Parathion methyl 4 EC Insecticide To Cotton: (Report No. 99103, ABC 

Laboratories Inc., Missouri, USA, December 2002).  
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Introduction 

The purpose of these studies was to determine the levels of parathion-methyl and MPO that could be 

dislodged from cotton foliage after receiving four late season applications of Penncap-M (240 g/L 

parathion-methyl) and parathion-methyl 4 EC. 

Study details 

For both studies, three test sites, one each in California (Site 1), Louisiana (Site 2) and Texas (Site 3) 

were selected.  Each trial location included an untreated control plot and a treated plot. The treated 

plots were further divided into three replicate subplots.  Normal agronomic practices for cotton were 

followed.  No overhead irrigation was applied at either of the trial site. 

In the first study, four applications of Penncap-M were made at 1.0 lb ai/acre (1.12 kg/ha) using a spray 

volume of 93–168 L/ha.  Applications were made at 5-day intervals using commercial-scale ground 

application equipment. 

In the second study, parathion-methyl 4 EC was applied at a rate of 1.5 lb ai/acre (1.68 kg ai/ha) using 

a spray volume of 10 to 20 gallons/acre (94-188 L/ha).  Five applications were made to the treated plots 

at 7±1 day intervals.  Applications were made using ground spray equipment typical for broadcast 

applications to cotton – tractor mounted compressed air system.  Equipment was cleaned and 

calibrated prior to application. 

Sampling and analytical procedures were similar to those described for DFR studies on an apple crop.  

The LOQ of the method is 0.01 µg/mL, which is equivalent to 0.005 µg/cm
2
.  The LOD was assessed to 

be one-third of the LOQ, i.e. 0.003 µg/mL, which is equivalent to 1 µg/specimen or 0.002 µg/cm
2
.  

Recovery of parathion-methyl and MPO was evaluated at two fortification levels. Control samples were 

fortified at levels between 0.01 and 15.0 µg/mL and extracted concurrently with the treated samples. 

Results 

No DFRs were found in untreated control samples. Overall, parathion-methyl procedural recoveries 

yielded a mean 86% ±6.6 and MPO procedural recoveries yielded a mean 93% ±8.5. 

Tables C10 and C11 provide parathion-methyl and MPO residue averages for each sampling period 

corrected for recovery.  DFRs were high immediately after each application.  After the last application, 

total parathion-methyl residues declined to less than the LOQ 14 days after application.  The decline 

was rapid initially but dissipated more slowly to below LOQ by day 14.  

Discussion 

In these DFR studies, dissipation of parathion-methyl was monitored by measuring parathion-methyl 

and MPO residues on cotton foliage specimens up to 35 days after application. 
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Parathion-methyl is registered for use on cotton crops in Australia.  The registered application rates are 

similar to those used in the present studies.  Laboratory procedural recoveries were 86% and 93% for 

parathion-methyl and MPO, respectively.  Mean recoveries of both analytes following fortification of 

specimens were above 97%.  The study results are considered adequate for use in occupational 

exposure assessment. 

Table C10: Average corrected dislodgeable foliar residues (DFR) of parathion methyl (parathion-

methyl) and methyl paraoxon (MPO) in cotton crops treated (ground spray) with 

PENNCAP-M Microencapsulated Insecticide 

SAMPLING 

EVENT 

AVERAGE CORRECTED DFR RESIDUE (µg/cm2) 

SITE 1 SITE 2 SITE 3 

PARATHION-

METHYL  
MPO TOTAL 

PARATHION-

METHYL  
MPO TOTAL 

PARATHION

-METHYL  
MPO TOTAL 

-1 DAA <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

0 DAA 2.12 <0.01 2.12 3.24 0.04 3.28 3.17 0.04 3.21 

1 DAA 1.03 0.04 1.07 0.84 0.03 0.86 1.13 0.05 1.20 

2 DAA 0.42 0.03 0.45 0.18 <0.01 0.18 0.40 0.03 0.42 

3 DAA 0.34 0.03 0.37 0.05 <0.01 0.05 0.14 <0.01 0.14 

4 DAA N/S N/S N/S 0.02 <0.01 0.02 0.10 <0.01 0.10 

5 DAA 1.80 0.01 1.81 N/S N/S N/S N/S N/S N/S 

7 DAA 0.08 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

10 DAA 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

13 DAA N/S N/S N/S <0.01 <0.01 <0.01 N/S N/S N/S 

14 DAA <0.01 <0.01 <0.01 N/A N/A N/A <0.01 <0.01 <0.01 

21 DAA <0.01 <0.01 <0.01 N/A N/A N/A N/A N/A N/A 

28 DAA <0.01 <0.01 <0.01 N/A N/A N/A N/A N/A N/A 

Four applications of 1.12 kg/ha parathion-methyl were made at 5-day intervals. Values are average of three treated 

subplots. Values were corrected for the mean recovery from currently analysed freshly fortified samples. DAA  = Days 

after application; N/S = samples not collected; N/A = sample not analysed.  
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Table C11: Average corrected dislodgeable foliar residues (DFR) of parathion methyl (parathion-

methyl) and methyl paraoxon (MPO) in cotton crops (ground spray) treated with 

Parathion Methyl 4EC 

 

SAMPLING 

EVENT 

AVERAGE CORRECTED DFR RESIDUE FOUND AT EACH SAMPLING EVENT (µg/cm2) 

SITE 1 SITE 2 SITE 3 

PARATHION

-METHYL  
MP TOTAL 

PARATHION

-METHYL  
MP TOTAL 

PARATHION-

METHYL  
MP TOTAL 

-1 DAA 0.006 ND 0.006 0.006 ND 0.006 0.010 ND 0.010 

0 DAA 3.101 0.0323 3.1333 1.0653 0.0323 1.0976 2.760 0.0377 2.798 

1 DAA 0.124 0.017 0.141 0.0147 ND 0.0147 0.334 0.014 0.348 

2 DAA 0.027 ND 0.027 0.007 ND 0.007 0.019 ND 0.019 

3 DAA 0.0113 ND 0.0113 0.007 ND 0.0183 0.0123 ND 0.0123 

5 DAA 0.011 ND 0.011 0.007 ND 0.018 0.012 ND 0.012 

7 DAA 0.008 ND 0.008 0.008 ND 0.008 0.009 ND 0.009 

10 DAA 0.005 ND 0.005 ND ND ND 0.009 ND 0.009 

14 DAA ND ND ND ND ND ND 0.005 ND 0.005 

21 DAA ND ND ND ND ND ND 0.008 ND 0.008 

28 DAA ND ND ND - - - ND ND ND 

35 DAA ND ND ND - - - ND ND ND 

Four applications of 1.68 kg/ha parathion-methyl were made at five-day intervals. Values are average of three treated 

subplots. Values were corrected for the mean recovery from currently analysed freshly fortified samples. DA A = Days 

after fourth application; ND = Not detected i.e. <0.0025 µg/cm
2
 (50% of Limit of Quantification). 
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Appendix C1: Analytical method validation study 

Study No 5961: Validation of an analytical method for the determination of p-nitro phenol in human 

urine and analysis of urine samples from a clinical study.  Inveresk Report Number 21262 – J. 

Bruce, S. G. P. Williams and G. M. McGuire (2002). 

An analytical method for estimation of PNP excreted in human urine was established and validated. The 

method was validated over the approximate range of 1–100 ng/ml.  The work was conducted in the 

department of Bioanalytical Chemistry, Inveresk Research, Tranent, Scotland. 

STUDY DETAILS 

In this validation study, samples of human urine spiked with PNP were acidified, and PNP was 

extracted from the samples using 1,2-dichloroethane. The extract was analysed by gas 

chromatography-mass spectrometry. 

The method was validated for assay specificity, carryover, linearity, limit of detection, accuracy and 

precision for intra-batch and inter-batch, standard solution stability, hydrolysis of sulphate and 

glucuronide conjugates, storage stability at room temperature, freeze/thaw stability, auto-sampler 

stability and effect of dilution. 

The assay limit of detection was defined, as the urine concentration of PNP that gave a clearly 

discernible peak that was three times greater than the background noise. The limit of quantification was 

set at the concentration in the matrix below which the reproducibility of the replicate analyses exceeded 

a coefficient of variation of 20% and/or the mean accuracy lay out with 100 ± 20%. 

RESULTS 

The analysis of human urine samples detected an endogenous amount of PNP in the control matrix but 

no significant interfering substances at the retention time of the internal standard. The absence of any 

PNP peaks in the blank derivatising reagent samples indicated the absence of carryover from the 

method. The results showed linearity over the range of 1–100 ng/mL with a 1/x
2
 weighting. 

Based on the assay accuracy and precision data, the assay limit of detection and quantification was 

determined to be about 1 ng/mL for PNP in human urine. Accuracy and precision of both intra- and 

inter-batch assay for PNP in human urine at about 2.5, 16 and 80 ng/mL was acceptable. The data for 

the stability of PNP in aqueous solution at +4
o
C after 6 months at about 1 ng/mL met the acceptance 

criteria. The data for the stability of PNP in human urine at room temperature after 4 hours or up to 24 

hours in extracts of human urine for auto-sampler stability or up to three freeze/thaw cycles at about 

2.5, 16 and 80 ng/mL also met the acceptance criteria.  
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Appendix C2: Study to determine the relationship between MP dose and PNP in urine 

A human metabolism study to determine elimination of p-nitrophenol and conjugates after a single oral 

administration of methyl-parathion.  Inveresk Report Number 20442 – S. Freestone, J. P. O. 

Lindemann and I. S. Growcott (2002) (Study No 5962). 

A human metabolism study was undertaken at Inveresk Research, Tranent, Scotland on behalf of 

Cheminova A/S to determine the metabolite elimination of parathion-methyl.   

Parathion-methyl is primarily metabolised in the liver, where it is detoxified to produce dimethyl 

thiophosphate and PNP.  Both these metabolites are excreted via the kidneys. According to the study 

authors, it is more convenient to monitor and measure the exposure of agricultural workers to parathion-

methyl via urine than by blood analysis.  The urinary elimination of the PNP metabolite of parathion-

methyl was further characterised in this study to validate the use of PNP as a biomarker as a measure 

of operator exposure. 

STUDY DETAILS 

The study was executed in one treatment block of six subjects consisting of clinically normal healthy 

male volunteers aged between 18 and 45 years and body weight within ±15% of the ideal weight. All 

subjects received a single oral dose (to ensure maximal absorption of the compound) of 0.003 mg/kg
 

(acceptable daily intake) of parathion-methyl as a liquid (0.1% W/V solution of parathion-methyl in a 

20% v/v absolute alcohol solution freshly prepared on the morning of dosing). Subjects were asked to 

avoid substances and material such as medication containing paracetamol, scented products 

containing nitrobenzene and certain pesticides from 24 hours before admission to the clinic. Subjects 

were fasted from 11 pm on a day before dosing until approximately 4 hours after dosing. Dosing began 

at approximately 8:30 am, and subjects were confined to the dosing area for 24 hours after dosing. No 

alcohol, grapefruit juice, caffeine containing products or medication was administrated to the subjects 

during the study.  

The urine samples were collected at 48–24 hours, 24–0 hours pre-dose; 0–6 hours, 6–12 hours, 12–24 

hours, 24–36 hours, 36–48 hours and 48–72 hours post-dose. Urine compound concentrations (total 

amounts excreted above pre dose or background levels) were expressed as ng/mL of PNP measured in 

the urine. The total amount of PNP excreted in each urine collection interval for each subject was 

calculated by multiplying the concentration in each urine collection by the volume of urine collected. 

These amounts were then summated for each day (i.e. each 24-hour period). The amount of PNP 

excreted prior to dosing was estimated 24 hours before dosing. For each subject, the estimated pre-

dose PNP was subtracted from the total amount excreted on each successive 24-hour period after 

dosing. These 24-hour totals were summated to give an estimate of the total amount of PNP excreted 

as a result of the administration of parathion-methyl.  
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These values were then converted to parathion-methyl equivalents, using the relationship: 

 parathion-methyl  (ng equiv.) = 263.21/139.11 x PNP Ae (ng) 

 Where, 263.21 is the molecular weight of parathion-methyl, 

 139.11 is the molecular weight of PNP, and  

 Ae is the total amount excreted in the urine. 

RESULTS 

The majority (about 85%) of the PNP excreted in the urine was apparent in the first urine fraction 

collected after dosing (0 to 6 hours) and most subjects (4 out of 6) had no detectable PNP (above 

baseline) in their 36- to 48-hour urine samples, although some quantifiable analyte was present in the 

final (48- to 72-hour urine collection period) in one subject only. 

Individual urine concentrations of parathion-methyl equivalent excreted are presented in Table C12. 

Mean total amount of PNP excreted (as parathion-methyl equivalents) was 0.167 mg, which represents 

72 % (individual range from 61.1 to 93.0%) of the total parathion-methyl  administered. 

Table C12: Pharmacokinetic estimates for methyl parathionparathion-methyl 

SUBJECT TOTAL DOSE OF 

PARATHION-

METHYL   

ng 

NET PNPA EXCRETED 

IN URINE 

(0–72 hours) 

ng 

PMB EXCRETED IN URINE 

NG 

% OF TOTAL 

DOSE 

1 207600 102072 193130 93.0 

2 253200 117195 221744 87.6 

3 265200 87173 164940 62.2 

4 221700 76090 143969 64.9 

5 218400 72700 137555 63.0 

6 232500 75133 142159 61.1 

a 
Net PNP = Gross PNP – Average PNP excreted in urine of respective worker at –48 to –24 and –24 to 0 hours 

b PM excreted = Net PNP excreted (0 – 72 hours) x 263.21(molecular weight of parathion-methyl )/139.11 (molecular 

weight of PNP) 
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ACRONYMS AND ABBREVIATIONS  

LENGTH  WEIGHT  

km kilometre kg kilogram 

cm centimetre g gram 

m metre μg microgram 

μm micrometre mg milligram 

mm millimetre wt weight 

  bw bodyweight 

    

DOSING, APPLICATION RATES VOLUME  

mg/kg bw/day mg/kg bodyweight/day L litre 

iv intravenous mL millilitre 

po oral   

L/ha litres per hectare CONCENTRATION  

g ai/ha grams of active ingredient 

per hectare 

ppm parts per million 

  TIME  

  h hour 

 

OTHER 

ai active ingredient 

ADI acceptable daily intake 

ARfD  acute reference dose 

ChE cholinesterase 

DFR dislodgeable foliar residue 

EC emulsifiable concentrate 

EC50 concentration at which 50% of the test population are affected 

FOB functional observation battery 

IPM Integrated Pest Management 

LC50 concentration that kills 50% of the test population of organisms 

LD50 dosage of chemical that kills 50% of the test population of organisms 

LOEC lowest observed effect concentration 

LOEL lowest observed effect level 

ME microencapsulated 
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MOE margin of exposure 

MRL maximum residue limit 

NOEC no observed effect concentration 

NOEL no observed effect level 

PHED pesticide handlers exposure database 

PNP para-nitrophenol 

POEM predictive operator exposure model 

RBC Red Blood Cell 

SC Suspension concentrate 

TGAC Technical grade active constituent 

TU Toxicology unit 

  
 

ORGANISATIONS, PROGRAMS AND PUBLICATIONS 

ACPH Advisory Committee on Pesticides and Health 

APVMA Australian Pesticides and Veterinary Medicines Authority 

BMPM Best Management Practice Manual 

CDPR Californian Department of Pesticide Regulation 

DSEWPaC Department of the Sustainability, Environment, Water, Population and Communities 

ECRP Existing Chemical Review Program 

NDPSC National Drugs and Poisons Scheduling Committee 

NHMRC National Health and Medical Research Council 

NOHSC National Occupational Health and Safety Commission 

NRA National Registration Authority 

OCS Office of Chemical Safety  

OECD Organisation for Economic Co-operation and Development 

SUSMP Standard for Uniform Scheduling of Medicines and Poisons 

SUSDP Standard for the Uniform Scheduling of Drugs and Poisons 

TGA Therapeutic Goods Administration 

US EPA United States Environmental protection Agency 

 


