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FIGURE 1. Inhibition of human acetylcholinesterase by an organophosphate.
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Occupational Exposure to Organophosphate and Carbamate Insecticides

Guidelines for Cholinesterase Level Monitoring in USDA-ARS Employees

Introduction

The development of organophosphate insecticides (OPs) is primarily credited to the German chemist Gerhard Schrader in the late 1930's.  This highly toxic class of chemicals was originally developed for agricultural use, but shortly thereafter explored as potential chemical warfare agents ("nerve gases").  Their toxicity is due primarily to the inhibitory effect on acetylcholinesterase (AChE), an enzyme whose function is to inactivate the neurotransmitter acetylcholine (ACh) at the junction of various nerve endings.  Enzyme inhibition results in an abnormal accumulation of ACh at the cholinergic receptor sites, leading to "over-stimulation".  Principle symptoms include increased salivation, perspiration and tearing, muscle fasciculation, constricted pupils, disorders in heart rate, nausea, vomiting and diarrhea, as well as central nervous system effects of dizziness, headaches, weakness, convulsions and coma.  

Carbamate insecticides also inhibit acetylcholinesterase, however their effect is relatively brief, because their inhibition is rapidly reversible.  This had led to the erroneous assumption that OPs are "irreversible" inhibitors of AChE, while carbamates are reversible.  While the latter is certainly true, OPs become truly irreversible inhibitors of ACh, only after the "aging" process occurs, in which the OP loses one of its alkyl chains, a process which is dependent upon the nature of the alkyl group.  OPs that age rapidly are highly toxic.  Those that age in minutes are sarin, soman and tabun – OPs that were developed primarily as nerve gas agents, not as insecticides.  Until the aging process is complete, AChE can undergo slow reactivation, and thus recover its activity.  Temperature and other factors – very important issues when performing blood samples for cholinesterase activity – can affect reactivation.

Testing for Cholinesterase Inhibition

It is fortunate that the human body has cholinesterase enzyme activity in the serum and the red blood cells, given the existence of naturally occurring compounds with anticholinesterase activities from certain algae and from the Calabar bean (physostigmine).  It is felt that these blood borne enzymes act as a biological barrier to anticholinesterases, before these compounds can be absorbed into the muscles and nervous system.

Two classes of enzymes in particular, plasma or serum cholinesterase (sometimes called butyrylcholinesterase or pseudocholinesterase) and RBC cholinesterase (also known as acetylcholinesterase) have biochemical properties similar to those found in the nervous system and muscle tissue.  Fortunately, the activity of these enzymes can be measured by a simple blood draw.  It is important to keep in mind, that in a pesticide monitoring program, one is measuring surrogate markers of toxicity, not the actual target enzymes themselves.  Direct measurement would require muscle or brain biopsies, which for obvious reasons are not viable options.

In the event of significant exposure, plasma cholinesterase tends to decrease earlier and return to preexposure levels more promptly than RBC cholinesterase.  In contrast, RBC cholinesterase tends to be depressed less readily and is much slower in returning to preexposure levels.  The RBC cholinesterase is probably more representative of what is happening to cholinesterase enzymes in the nervous system and muscular tissue.

It has been shown that the inhibition of AChE is not linear (Figure 1), and that relatively small increments of exposure to pesticides could have deleterious effects on an already exposed individual, compared to a non-exposed person.
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This is why AChE depressions of 25% should be taken seriously, as further enzyme depression is related to the "slippery slope" of toxicity, with further depressions associated with a greater likelihood of adverse health effects.

There is a lack of standardization in laboratory determination of AChE activity.  For example, there is no standard for the collection and processing of blood samples.  Even when conditions specified by the manufacturer are adhered to, it has been shown that results sometimes underestimate AChE activity by > 30%.  It is difficult if not impossible to compare enzyme activities performed by different methods when conversion factors have not been developed.  Therefore, samples tested for AChE activity by different methodologies may not be useful for comparison purposes.  As the Vendors performing clinical services change, it is likely that cholinesterase activity will not be comparable from year to year, requiring that new baseline levels be established – a circumstance which is both time consuming and expensive, considering that baselines require the average of two different samples.

Even if different laboratories use the same assay, normal ranges reported may be variable, further eliminating the hope that values can be comparable.  Suffice it to say, the pragmatic solution to this dilemma, is to have the employee serve as her/his own control, and to select a laboratory, certified and experienced in performing proven methodologies in cholinesterase activity.  It would also be important to keep using this laboratory for a sufficient amount of time, so that the Agency achieves a degree of cost-effectiveness, by minimizing the number of baseline determinations among the potentially exposed population.

The State of California is the only state which requires monitoring of pesticide applicators exposed to organophosphate/carbamate insecticides in Category I (LD50 < 50 mg/kg) or Category II (LD50 50-500 mg/kg).  Recently, the State has amended its regulation to include standards for blood collection, storage and analysis using the Ellman Assay.  

While the Ellman Assay is the most commonly employed method in determining cholinesterase activity, it may not be appropriate for some carbamate exposures, given that the dilutions performed during this assay can result in reversing cholinesterase depression.  This has been used to explain the lack of AChE depressions in aldicarb exposed populations with clear cut cholinergic symptoms.  In cases of carbamate exposures, radiometric assays have been recommended as an alternative testing method, although the number of available labs performing these assays is relatively small, and there is a higher cost associated with the methodology.

It has been estimated that anywhere between 0.03-3.0% of the human population have a genetic deficiency of plasma cholinesterase activity, which causes a problem when they are given certain paralyzing medications during surgical procedures (ie. succinylcholine).  There will be an abnormally prolonged response to the drug, and artificial ventilation may be necessary until the drug wears off.  There are no reports however, that such individuals are more susceptible to cholinesterase inhibiting pesticides, possibly because the true target enzymes are in normal quantities in the nervous and musculoskeletal systems.

Other medical conditions can influence the absolute value of cholinesterase activity (Table I).  It is not known whether these conditions predispose or protect individuals to pesticide exposures, although it has been noted that the depressions seen in certain disease states are minimal when compared to acute exposure to OPs or carbamate insecticides.  Nevertheless, these issues lend support to the practice of setting the threshold of work removal relatively low (eg. 25% depression), thus incorporating a safety factor to take these unknowns into account.

Table I

	RBC Cholinesterase
	Plasma Cholinesterase

	Elevated
	Elevated

	Conditions that increase RBC production:
	Hyperthyroidism

	
Polycythemia vera
	

	
Thallesemia major
	Depressed

	
Hereditary spherocytosis
	Liver disease:

	Depressed
	
Cirrhosis

	Newborn – six months of age
	
Hepatitis

	Leukemia
	Heart failure

	Multiple myeloma
	Normal pregnancy

	
	Malignancy


Guidelines for Monitoring Employees Working with Organophosphate and Carbamate Pesticides

This guideline includes procedures for: establishing baseline cholinesterase values, monitoring workers who are occupationally exposed to organophosphate (OP) or carbamate (CARB) insecticides, and responding to an acute exposure where symptoms and signs of toxicity may or may not be present.  The attached algorithm (Appendix B) succinctly summarizes the procedures advocated.

The essential components of these guidelines are:

1. All employees that have the potential for exposure to OP or CARB insecticides shall have their baseline RBC and Plasma cholinesterase levels established, by averaging two sets of results, drawn approximately one week apart.  This will occur during the time of year that these insecticides are not in use or at least after an interval of 4 weeks after any potential for exposure.  This interim period would need to be extended if the employee had any recent toxicity from exposure to these agents.

2. Input from the ARS Safety Office is essential in order to determine who should be included in the monitoring program.

3. A system must be developed whereby the employee and his/her supervisor, has immediate access to baseline values, in case suspected toxicity develops.

4. Monitoring will be performed periodically, the frequency to be dependent upon the nature of the employee's work, as determined by the ARS Safety Office.

5. Monitoring will only involve RBC cholinesterase testing, with the exception of employees working with mevinphos or chlorpyrifos, when plasma cholinesterase levels would be obtained.

6. If either RBC or Plasma cholinesterase levels return depressed at 25% or greater from baseline values, an investigation into the work practices of the employee will ensue by ARS Safety personnel, the employee will be removed from further exposure, and subsequently retested in 1-2 weeks time.  Once levels return above the 25% threshold, and the ARS Medical Review Officer and ARS Safety personnel concur that the workplace is safe, the employee will be allowed to return to routine duties.

7. In the event of an acute exposure incident, arrangements will be made for both RBC and Plasma cholinesterase testing for comparison with baseline values.  The timing of such testing, and the need for immediate medical attention, will depend upon the nature of the acute exposure.

8. Employees shall be educated on the symptoms and signs of acute poisoning with OPs and CARBs.

Furthermore, it is highly recommended that the USDA Agricultural Research Service undertake the following steps, to ensure the accuracy and precision of cholinesterase testing of its employees.

A. A single laboratory shall be identified for performing cholinesterase testing for ARS employees.  This lab shall be certified by the American College of Pathology and have substantial experience in the testing of cholinesterase enzyme activity.

B. The lab identified shall be capable of performing RBC cholinesterase testing by the Ellman assay.

C. Methods of blood collection, storage and transport shall be consistent with the laboratory's policy performing the test.  All Vendors contracted by the USDA-ARS for clinical services will incorporate these methods of collection.

D. Specimens will be identified, and reported, as either baseline, routine post-exposure or acute exposure.

E. If there is a change in laboratories performing cholinesterase testing, employee baselines shall be reestablished per the protocol previously outlined.

F. Whenever feasible, all acute exposures shall have the acute post-exposure specimens processed by the same laboratory which performs routine surveillance on ARS employees.
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Adapted from Wilson et al.  Monitoring the Pesticide-Exposed Worker in STARs 12:2Hanley & Belfus 1997
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