Review Of Literature Relating To The Effects On Humans Of Exposure To Organophosphates
Toxic Chemicals in Agriculture

A report for MAFF published in 1951 by a scientific committee chaired by Lord Zuckerman.

Terms of reference: ”To make recommendations for the promotion of the safety of workers in the agricultural use of substances which are toxic or harmful to human beings.”

The two substances under consideration were DNC (dinitro weedkillers) and organophosphate compounds. 

Salient points:
· OPs cause chronic health damage.

· Weekly medical examinations are crucial.

· Doctors must be educated in the symptoms and treatment of OP exposure.

Extracts from the publication:

“Parathion is representative of the OP group; it can be absorbed through the skin and by inhalation and ingestion. Death can occur as a result of a single exposure; but chronic toxicity is the main problem. Repeated absorption may result in cumulative poisoning.”

“Protective measures suggested in evidence:

· Medical supervision should include routine medical examinations at weekly intervals, with suspension of workers who show any trace of early toxic symptoms.
· Information on the pharmocology of toxic chemicals and the treatment of casualties should be made specially available to general practitioners.”

”Recommendations:

· Warning to local doctors: MAFF should consult the Britsh Medical Association (BMA) about the practicability of medical practitioners being circularized by the Association about the dangers, and they should be warned when OP operations are to be undertaken in their vicinity.

· The labels of containers should be required to show the words ‘Deadly Poison’ in large clear type.

· We consider that all these protective measures recommended… should be given legal effect”.

This document is still available in the library of the House of Commons. None of the recommendations cited above have been implemented.

Delayed Toxic Effects of Chemical Warfare Agents

A monograph published in 1975 by the Stockholm International Peace Research Institute (SIPRI), Director Sir Frank Barnaby.
Salient points:

· Similarity between OP nerve agents (chemical warfare weapons) and OP pesticides.

· Cites other papers studying ill health among agricultural workers.

· Comprehensive listing symptoms.

· Delayed toxic effects.

· Other possible effects - ie carcinogenic etc.
Extracts from the publication:

“Medical aspects of the delayed lesions caused by OP compounds.

Literature data on delayed lesions caused by OP compounds relate primarily not to chemical warfare (CW) agents, but to the pesticidal derivatives of phosphoric acid. Because of the chemical and toxicological similarity between OP pesticides and CW agents it appears permissible to draw generalized conclusions.

An article entitled Psychiatric Sequelae of Chronic Exposure to OP Insecticides published by Gershon and Shaw in 1961 attracted great attention. The authors chose to carry out their studies on farm workers and agricultural technicians.

They observed:

giddiness, tinnitus, nystagmus, pyrexia
tremor, ataxia

paralyses, parasthesiae, polyneuritis

speech difficulties: 

slurring 
difficulty in forming words 
changes in speech 
repetition of syllables 
difficulty in saying what was intended
memory defect - slowness of recall
insomnia

lassitude and weakness
drowsiness
concentration difficulty
short term memory loss

mental confusion

uneasiness,

restlessness
anxiety
tremulousness
emotional lability

depression with weeping spells and insomnia
schizophrenic reaction
dissociation
somnambulism and excessive dreaming
fugue.

In 1969 Aldridge, Barnes and Johnson summed up their extensive work of many years on delayed neurotoxicity: 

It is clear that OP compounds can produce delayed neurotoxicity in low doses. 
In 1971 Clark summed up his review of OP insecticides and behaviour in the following words:

Much further research is needed to clarify the possible behavioural deficits produced by exposure to OP insecticides.”
There is an important footnote to this chapter: 

”It is not always possible for the independent outside observer to disentangle purely scientific considerations from the interests of big business” [nor from those of political considerations – Ed.]
See also two recent research papers on delayed neurotoxicity (2002) by Dr Paul Glynn, Medical Research Council.

There are also the questions relating to possible carcinogenic, mutagenic and teratogenic lesions caused by OP compounds. Gibel et al carried out studies on carcinogenesis, and they consider that their findings “justify the statement that those working in the OP industry run an increased cancer risk.”.

“A Soviet team working on pesticidal alkyl phosphates has succeeded in demonstrating a teratogenic effect.”

”The publications of Lofroth on the mutagenic properties of OP pesticides have attracted far greater attention than other publications… the investigations carried out in the hope of refuting his findings have not been successful up to now”.
 

Studies have been carried out in the USSR and Japan on the possibility of eye lesions found among workers handling or applying OP compounds. Again the authors of this work emphasise the need for further detailed research.

Guidance Note MS17, Health and Safety Executive

Medical Series 17 1981, revised 1987, 2000
This document was passed anonymously to OPIN in 1992. When questions were asked in the House of Lords the Countess of Mar was told that it was not intended for farmers or doctors, but was to be placed in academic institutions.

Salient points:

· List of symptoms of OP poisoning.

· Cumulative damage.

· Phenols in dips damages protective clothing.

· Reporting of poisoning with OPs.

Extracts from the publication:

“Introduction:
· The term ‘pesticide’, as used in this guidance note, applies to preparations used to control or destroy living organisms that interfere with man’s agricultural, environmental or amenity requirements.

· OP pesticides include phosphates, phosphites, phosphonates, phosphoramides, pyrophosphates and their sulphur analogues.

· … acute and subacute exposure to OPs can produce harmful effects in man, and repeated exposures may cause insidious cumulative toxicity.

· Another class of chemicals, the carbamates, are also used as agricultural pesticides and have similar pharmacological actions to the OP compounds, but there is no cumulative action.

· Within the group of OP and carbamate compounds there is a wide variation in toxicity and not all are cholinesterase inhibitors”.

Potential Occupational Sources of Exposure.

· Any job which involves contact with OPs either directly or indirectly, constitutes a potential source of absorption.

Routes of Absorption

· The most common routes of absorption of OPs are via skin, respiratory tract, and eyes… ingestion is rare although small amounts may be swallowed in contaminated saliva. The major route of absorption is via the skin, with inhalation being less important. OP formulations based on organic solvents [as in sheep dip] are liable to penetrate protective clothing.

Clinical Manifestations of OP Poisoning

· The diagnosis of OP poisoning is not easy. Some signs and symptoms can be clearly defined, whereas others, particularly those of central nervous system origin may be variable and not easily detected.

· Repeated absorption of small doses has cumulative effects.

· Symptoms of poisoning include:

· non-specific symptoms, headache, giddiness, loss of appetite, weakness, depression, nausea and diarrhoea;

· those related to over-reactivity of voluntary muscle; tremors, impaired co-ordination;

· those related to excessive activity of the autonomic nervous system: pin-point pupils, blurred vision, excessive salivation and sweating, increased bronchial gland secretion, bradycardia with decreased cardiac output and hypertension.

· Other symptoms include:

· urinary incontinence, abdominal pain, vomiting and broncho-constriction;

· Central nervous system effects:

· depression of the respiratory centre:

· various non-specific psycho-motor effects, eg apprehension, anxiety, restlessness, irritability, depression, sleep problems such as insomnia and dreaming, hallucinations, expressive language defects, changes of mood, memory impairment, slow reaction time.

· There may be increased sensitivity to the muscle relaxant succinyl choline, used by anaesthetists.

· Regular medical monitoring should be considered for anything more than occasional exposure to OPs.

· Notification: OP poisoning is a reportable disease under the Reporting of Injuries, Disease and Dangerous Occurences Regulations 1985, and is also a prescribed disease under the Industrial Injuries Provisions of the Social Security Act, 1975.”
An Investigation into the Possible Chronic Neuropsychological and Neurological Effects of Occupational Exposure to OPs in Sheep Farmers

Health and Safety Executive (HSE) Contract Report No. 74/1995

R Stephens et al, Institute of Occupational Health, University of Birmingham

Salient points:

· A group of dippers were studied who did not recognise that they were suffering cognitive damage.
Extracts from the publication:

“The aim of the study was to investigate whether chronic effects occur in sheep farmers who experience repeated exposure to OPs through sheep dipping.

Background to the Study - the Problem
OPs have been used in farming throughout the world since the 1950s. Originally synthesised two decades previously in Germany for use as a nerve gas… it is well established that acute over-exposure to OPs can lead to adverse short-term health effects of varying severity… But recently concerns have arisen that OP exposure may also give rise to chronic health effects in users… this study was conceived with the principal objective of investigating the possible occurrence of such chronic health effects in sheep dippers occupationally exposed to OPs.
Summary

· The performance of the sheep-dippers was significantly poorer than that of the control group [quarry workers] in three of the neuropsychological tests, namely Simple Reaction Time, Simple Digit Substitution and Syntactic Reasoning.

· These results indicate the presence of chronic effects on certain areas of cognitive functioning… these relate to the ability to sustain attention and the speed of higher level information processing, particularly in areas where a linguistic component is involved.
Testing of dippers was undertaken at a time when they had not experienced any recent exposure. It only included a group of dippers who had not previously judged themselves to be suffering from the effects of OPs.”

OPIN comment: It is obvious that if a group of highly-trained professionals, such as air-line pilots, were suffering such cognitive deficits they would not be capable of carrying out their duties. Both they and their colleagues would become extremely concerned.

The report ends by recommending more detailed investigation of health effects of OP exposure.

It is important to note the political response to this scientifically respected study. In July 1995 the Veterinary Products Committee (VPC) produced a report which dismissed the Birmingham study as “worthless”. The VPC said “This study did not provide sufficient scientific evidence to support the hypothesis that chronic health effects were associated with long-term low-level exposure to OP sheepdips”. This is the very point that this study confirms. The House of Commons appears to have accepted the VPC’s verdict, despite the widespread congratulations the Institute of Occupational Health received from many parts of the world. 

Occupational Hygiene Assessment of Exposure to Insecticides and the Effectiveness of Protective Clothing during Sheep-Dipping Operations

Report for HSE by the Institute of Occupational Medicine, Edinburgh 1994. 

Technical Memorandum Series TM/94/04, KJM Niven et al.

This is the second of two reports from the IOM.

Salient points:

· Despite dippers in the second study wearing full recommended protective clothing (no RPE however), the absorption of OPs, as measured by testing of urinary metabolites, is surprisingly similar to these test results from the first study, where no protective clothing at all was worn.

Extracts from the publication:

“Summary
A study of sheep dipping was conducted in 1992 and 1993 to assess the adequacy of guidelines for protective clothing and working methods to protect sheep dipping operators exposure to dips containing OPs. Occupational hygiene evaluations, biological monitoring and biological effect monitoring were used to establish the effectiveness of recommended protective clothing and the body uptake of OP when sheep dips were used according to manufacturers’ guidelines.

The range of results was similar to that found in the 1993 study where no special protective clothing was worn.

Research has shown that no protective material is totally impermeable and may offer protection against liquid chemicals for short periods only.

The range of urinary metabolite results was broadly similar to that reported by Niven et al (1993) where no protective clothing was worn.
 A number of possible hypotheses for explaining the similarities in the two sets of results… include exposure by inhalation. Further air sampling was not undertaken.

Effectiveness of Protective Clothing and Adequacy of Guidelines

Total reliance on protective clothing is normally regarded as either a first (eg in an emergency situation) or a last resort in occupational hygiene control strategies. Dipping sheep is a highly physical activity resulting in poorly controlled close contact by the operator with both the animals and the dipping liquid… in most industrial situations the use of such a technique would not be countenanced as a long-term solution”. 

Sheep Dipping leaflets

HSE et al 1991, 1995, and 1997

The Health and Safety Executive published several revisions of a leaflet giving advice to farmers and other who use sheep dips.

In 1976 the government introduced the Sheep Scab Order, obliging farmers to dip their sheep with OP compounds. As you will see below the instructions intended to protect the health of farmers were totally inadequate, placed responsibility for safety precautions on the dippers, and changed radically as time went by.

Salient points:

· Advice to use rubber protective clothing.

· Changes to “use PVC or nitrile clothing.”

· Sudden admission that breathing apparatus should be used.

Protect your health, HSE 1991
“Provide and use Personal Protective Equipment (PPE) specified on the label… Includes rubber gloves, coverall and a face shield when handling the concentrate, and rubber boots, rubber gloves and waterproof coat or bib apron when handling the diluted liquid and freshly dipped sheep”.
Sheep dipping leaflet, HSE, VMD and Department of the Environment, 1995
“PPE, when handling concentrated dips wear:

· Non lined synthetic rubber gloves (heavy duty gauntlet style PVC or or nitrile at least 0.5 mm thick;
· wellington boots;
· waterproof leggings or trousers made of nitrile or PVC;
· waterproof coat or a bib apron made of nitrile or PVC over a boiler suit or similar;
· a face shield”.

NB: No mention of rubber equipment now. OPIN was told by a senior government advisor on OPs that, as is stated in MS17, dips contain phenols, which rot rubber and allow the OPs to penetrate PPE. 

Sheep dipping leaflet, HSE, VMD, Environment Agency and Scottish Environment Protection Agency, 1997
“Look for the hazard.

All dip products contain hazardous substances. If mishandled they can make you ill, harm the sheep or pollute the environment… Hazardous substances can get into the body in three ways:

· through the skin

· by swallowing

· by breathing in vapour or aerosol.”
This last point had been repeatedly denied by HSE and VMD etc in correspondence with OPIN for six years.

Section 4 of this leaflet is crucial:
“Respiratory protective equipment (RPE)

RPE is not needed if sheep are dipped in accordance with practices recommended in this leaflet. You should, however, consider using RPE if you cannot avoid the following tasks and there is poor ventilation:

· pouring concentrate in a confined space

· dipping inside a building or other enclosed area

· working with freshly dipped sheep in still air conditions.

· the RPE should be a full or half-mask respirator with a filter capable of removing particulates and gas/vapour. The filter should conform to the British Standard BS EN 141”.

On page 13 it advises the farmer thus:

“Anyone who feels unwell while dipping, or shortly afterwards, should seek medical advice as soon as possible… medically confirmed cases of OP poisoning must be reported to HSE under the Reporting of Injuries, Diseases and Dangerous Occurrences Regulations 1995”. 

OPIN comment: Again the responsibility is continually placed upon the farmers. How many farmers have followed these instructions, only to be told that the GP knows nothing about OPs; and when reporting to the Suspected Adverse Reactions Surveillance Scheme (SARSS) how many have been assured that their symptoms were nothing to do with OPs? Of all the hundreds of SARSS forms sent to the VMD over the years when it was operating, only one was accepted as being genuine.

Veterinary medicines leaflet

HSE, 1998

This is an advisory leaflet giving advice to farmers and other who use veterinary medicines. This contains much interesting material, however the emphasis is still upon the responsibility of the farmer to protect himself and others.

Salient points:

· Advice on observing COSSH regulations.

· Responsibility for all decisions rests upon the farmers.

· Medical diagnoses are recommended, and are not available.

· First mention of risk to pregnant women.

Again it confirms that OPs can get into the body via breathing in vapour or aerosol, but the user has to choose suitable PPE and RPE, and “choose the least hazardous appropriate product”. It advises the user to be aware of “the risk to women of child-bearing age who are, or think they might be, pregnant”. This has never been suggested to farmers as a risk before. (See SIPRI monograph - mutagenic or teratogenic risk).

Under the Control of Substances Harmful to Health (COSHH) regulations, mentioned in this leaflet, the responsibility for assessing the risks from substances used, appropriate PPE and RPE, age and efficacy of equipment, health surveillance and the appropriate “technique to detect the condition of exposed people” is all down to the farmers. “Whether health surveillance is needed and what you need to do is part of your COSHH assessment!”
Industry view on the hazard of handling dipped sheep and fleeces
The following letter was sent to OPIN by a civil servant. It is a copy of a letter sent by F Bowen, a manager in the Technical Services Department at Cooper’s Animal Health to S Jones, Sheep Unit manager at the National Agricultural Centre at Stoneleigh, Warwickshire, in May 1985.

“Regarding our recent conversation about the handling of recently dipped sheep, I would like to make the following points.

On our dip labels we state, under “Protection of Operators”, wear rubber boots and waterproof bib-apron when handling freshly dipped sheep.

We don’t define “freshly dipped”, however for several weeks after dipping sheep will still have around 6000 ppm of organophosphorous insecticide in their wool, much of it in the wool grease, but much more in the full-fleeced sheep.

In my opinion this constitutes a significant and unacceptable hazard to anyone shearing recently dipped sheep, particularly because the shearers will be hot and sweating, while being stripped bare to the waist and very lightly clothed anyway. At the end of a day they are invariably covered with wool grease (and insecticides). All this for 4 days running.

Even the handling of fleeces from very recently dipped sheep could be hazardous.”

A Guide to Industrial Injuries Scheme Benefits

Benefits Agency, DB1 1991

Salient points:

· Exposure to OPs - reason for claim for Industrial Injuries Disablement Benefit.

· Self-employed not accepted for this benefit.

The booklet contains advice on how to claim industrial injuries disablement benefit (page 16). The list of diseases covered by industrial injuries disablement benefit
 includes:
“Poisoning by phosphorous or an inorganic compound of phosphorous or poisoning due to the anti-cholinesterase or pseudo anti-cholinesterase action of organic phosphorous compounds.”

Under the heading ‘Type of Job’ it lists:

“The use or handling of, or exposure to the fumes, dust or vapour of phosphorous or a compound of phosphorous, or a substance containing phosphorous”.

In order to qualify for this benefit you must have been employed at the time of injury; if you were self-employed you will not be eligible. This appears to be extremely unjust, as this is not related to a claim against an employer, and many small farmers are self-employed.
The BMA guide to Pesticides Chemicals and Health
1990, 1992
Salient points:

· Lack of data collection on effects of OPs.

· Absence of adequate toxicological training for doctors.

· Advice on future handling of OP poisoning.

This publication is comprehensive, authoritative and of primary importance for a study of the subject of toxic chemicals in society. (In this case - of the use of OPs in relation to farmers, air-line pilots and people involved in Gulf War 1, where OPs were sprayed liberally on tents, equipment and clothing of our troops, and medical staff were treating Iraqi prisoners of war with malathion for days on end.).

The contents cover:

1. The developing role of pesticides and other agrochemicals.

2. Pesticides chemicals and the environment.

3. Pesticide manufacture and testing.

4. Areas of use.

5. Effects on individual health.

6. Effects on health in the community.

7. Law and enforcement.

8. Education and training.

9. Alternatives to conventional pesticides.

10. Pesticides in the next century.
Background
“In July 1998 the Annual Representative Meeting of the BMA requested the Council to consider pesticide toxicity in the UK, with particular reference to the effects on human health. In November of that year the BMA’s Board of Science and Education agreed that a Working Party should be set up to prepare a report which would cover the health effects of pesticides.

Data Collection

Information is the life-blood of epidemiology. As a joint report by the BMA and the Faculty of Community Medicine stated in 1979, ‘all community physicians require ready access to information services… It is no more possible to practise community medicine in the absence of such supporting skills than to practise clinical medicine acceptably in the absence of laboratory and radiological facilities… Despite the importance of accurate information gathering to epidemiological research, there has been criticism of the lack of data available, particularly on the long-term effects of pesticides. The Report of the Chairman of the House of Commons Agriculture Committee on the effects of pesticides on human health expressed concern that ”none of the government agencies involved with pesticides seems to have made any serious attempts to gather data on the chronic effects of pesticides on human health”. There are several data collection bodies, but none of these seem able to provide much useful information on this matter.’ 

The National Poisons Information Service… was established to deal with the problems of acute poisoning, and few enquiries from medical practitioners relate to chronic effects”.

Following this crucial point (see p 149):
Educating the Doctors
“The training of medical undergraduates in at least the basic principles of toxicology, as well as in the science and law relevant to pesticides, and in occupational and environmental health, is given low priority.

In 1988 a professor of toxicology at St Bartholomew’s Hospital sent a questionnaire to the 24 medical schools in Britain to ascertain the place of toxicology in the curriculum. To the question ‘Do your undergraduates receive formal teaching about toxicology?’ 22 answered ‘Yes’and 2 answered ‘No’.

The number of hours given to such teaching ranged from 12 hours at best, down to a single hour”.

OPIN comment: On 22 January 2004 OPIN circulated a short questionnaire to all 31 UK medical schools, asking what training was given to undergraduates in the subject of toxicology, in particular the problem of OP toxicity. Eleven answered: several said that students were able to get such information from specialist groups such as ours, while one (Oxford) said that they employ a specialist in OP toxicity.

As it is essential that sufferers from chronic OP poisoning have access to medical support and care, this situation, as described above, represents an absence of detailed knowledge of chronic OP damage, and leaves the hundreds of sufferers without recourse to care and understanding. Although there is no “cure” for OP poisoning, there is a need for a sympathetic ear, palliative care, and also the possibility of truthful evaluation of the scale of damage done to a large number of members of our society. At present the government is still denying the existence of chronic damage from OP exposure.

One letter from UEA made a chilling point: 
“Clearly, OPs are an important source of problem at present, but one can conceive that good sense [whose?] will prevail and the OPs will disappear from use in due course. The information the students have on OPs will, therefore, become redundant”.

It would be helpful if doctors were able to present evidence to the government which would back up those claiming that their chronic disabling illness is, in fact, due to OP exposure.

Indeed farmers, and the public in general, have come to realise the dangers of exposure to OPs, and the sale of OP products has collapsed. There are sadly, many hundreds of historical cases of OP sufferers who are living in poverty, family breakdown and ill-health because of OP exposure.

Many of them say to OPIN “The government just hope that we will all die off quickly”.

Recent research

Three new research papers have been published confirming damage to an enzyme, neuropathy target esterase (NTE), from low level exposure to OPs: two by Dr Paul Glynn, at the Medical Research Council, Leicester, and one by Professor Casidi of Berkeley. This exposure can cause instant or delayed onset neuropathy. It is hoped that the COT committee, currently reviewing government-funded research, will take these papers into consideration.

Dr Sarah Mackenzie Ross, head of the Neuropsychological Toxicology Unit (NTU) at UCL, is being funded by DEFRA to carry out a study entitled Cognitive impairment following exposure to OP pesticides.

Her pilot study on this subject was published in the Journal of Occupational Health and Safety, Australia and New Zealand, in 2007. The purpose was to determine the nature and extent of neurobehavioural problems following apparent low level exposure to OP pesticides.

It concludes:

“Understanding, recognition, diagnosis of chemical poisoning appears limited amongst physicians and specialists outside of toxicology, and there are no agreed treatment protocols for patients who present with chronic ill-health following OP exposure to pesticides. The results of this study indicate that individuals who have been exposed to OP pesticides should be referred for neuropsychological assessment which should include measures of working memory, verbal and visual memory, information processing speed, mental flexibility and mood state”.

Dr Mackenzie Ross has also completed a study of a group of air-line pilots, which has not as yet been published. It is entitled Cognitive function following reported exposure to contaminated air on commercial aircraft: An audit of 27 airline pilots seen for clinical purposes. This is a report for the Committee on Toxicity of Chemicals in Food, Consumer Products and the Environment.

Over the last year a small number of aircrew were referred to Dr Mackenzie Ross for neuropsychological and adult mental health assessment.

The background to this study: Cabin air on some commercial aircraft is contaminated with hydraulic fluids, synthetic jet engine oils and/or the compounds released when these fluids and/or oils are heated or pyrolised. An OP named tricresyl phosphate (TCP) is used as an additive to jet engine oil to prevent adhesion in aircraft engines. In some aircraft the intake for cabin air is close to the engines, and fumes from them are drawn into the aircraft. Studies of symptoms, closely related to those suffered by farmers exposed to Ops, have been undertaken in Australia, the US, Sweden and Canada, and there are some potential legal cases pending.

If one considers the cognitive impairment experienced by farmers, and hears the histories of pilots who became nauseous, disorientated and semi-conscious while flying passenger jets, one can only fear for the safety of cabin aircrew and passengers. A former pilot, Susan Michaelis, has now put together an 800-page dossier of such evidence from round the world; it lists independent research findings from many expert scientists raising questions about cabin air quality. When Michaelis presented her dossier (Aviation Contaminated Air Reference Manual) to the COT committee (this one is looking into air cabin quality) they refused to hear from her. She recently wrote to Ruth Kelly, UK’s Transport Secretary, pointing out many inaccuracies in COT’s latest draft report: the department simply refuted her claims.

Research conducted by the University of Manchester shows that people who have dipped sheep and become ill are more likely to have a variant in their genes that makes them less able to break down OPs once they get into the body. The results provide support for those who believe that exposure to OPs may cause chronic ill-health. (Susceptibility to chronic OP exposure, SCOPE, N Cherry et al, Department of Occupational Health, University of Manchester, 2002).
OPIN has recently produced a short report showing inaccuracies and contradictions in the minutes of the latest draft review of government funded research into OP health damage among farmers, being carried out by yet another COT committee. This is to be presented by a number of politicians to, among others, Lord Rooker and the Prime Minister, Gordon Brown.

Elizabeth Sigmund

OP Information Network
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