Pesticide Illness
Part 2: Insecticides
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The next two sections of the curriculum will present pesticides by functional category.  

Please refer to the speaker’s notes to supplement the PowerPoint slides.
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As with all toxins, pesticide illness is determined by the dose, the exposure route, and the specific pesticide involved.  There are many ways to categorize pesticides. In this module, pesticides will be grouped and described by functional category, that is, how they are used.  

Insecticides are used to kill insects; fumigants are gasses that are toxic to a variety of organisms; fungicides kill fungi; herbicides are used to control plants, namely, weeds; disinfectants kill microbes. Information on all these and some miscellaneous pesticides will be presented.
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In each functional group, pesticides may be further classified by structure. In Part 2 of this curriculum, the cholinesterase-inhibiting pesticides, carbamates and organophosphates, pyrethroid pesticides, and organochlorine pesticides will be covered.

The cholinesterase-inhibitors will be presented first.  

Cholinesterase inhibitors were first used as weapons in World War I. In the 1970s, they replaced organochlorines as widely used pesticides.
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There are 2 major categories of cholinesterase-inhibiting pesticides: N-methyl carbamates and organophosphates.  Generic structures for the 2 categories and some common generic and brand names are shown.

The major difference between the 2 categories is that organophosphates produce irreversible cholinesterase inhibition and carbamate-induced cholinesterase inhibition is reversible without treatment.

However, carbamates may be quite toxic and exposure may result in significant morbidity or even death.

Cholinesterase inhibiting pesticides will be presented in detail for several reasons:

1. Alone or in combination, they account for the majority of reported pesticide illnesses both in the US and worldwide;

2. They have been extensively studied and their mechanism of toxicity is fairly well known;

3. They are one of the only classes of pesticides for which there is a readily available diagnostic test; and 

4. They are one of the few pesticides for which there is specific treatment.
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In order to understand how cholinesterase-inhibiting pesticides cause illness, it is important to be aware of how the enzyme acetylcholinesterase functions under normal conditions.

(1) Nerve signals cause the release of the neurotransmitter acetylcholine into a cholinergic nerve terminal.   

(2) Acetylcholine travels across the terminal and binds to a cholinergic receptor on the end organ: either smooth or voluntary muscle, or an exocrine gland.

(3) This causes the end organ to perform its normal function: muscle contraction or gland secretion.

(4) The end organ activity ceases when acetylcholine leaves the receptor and is broken down by the enzyme acetylcholinesterase, located on the surface of the organ.

(5) The broken-down acetyl and choline are taken up by the cholinergic nerve and are recycled for the next activity.
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Cholinesterase-inhibitors disrupt normal function of the enzyme cholinesterase and cholinergic end organs.

(1) Nerve signals cause acetylcholine release and

(2) The neurotransmitter binds to receptors on end organs

(3) The end organ activates, but because

(4) The cholinesterase-inhibiting compound (in this case an organophosphate, OP) binds to acetylcholinesterase; the acetylcholine does not break down, and causes excessive activity of the end organ.

Excess receptor activation manifests as the signs and symptoms of cholinesterase-inhibitor poisoning; and the bound enzyme shows up as depressed cholinesterase in lab tests.
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The best way to remember the effects of organophosphates and carbamate insecticides is to learn the types of organs that are affected by these cholinesterase-inhibiting insecticides.  

The slide and the next list detailed information about what these pesticides affect: the nervous system (parasympathetic, sympathetic, neuromuscular or CNS), receptor type (muscarinic, nicotinic), organ, and resulting signs and symptoms. 

The most important aspect to remember is that health effects are caused by over-stimulation of cholinergic receptors.  Cholinergic receptors are found on smooth muscle, skeletal muscle, exocrine glands and in the central nervous system.

Effects on the smooth muscle of the eye may result in miosis and blurred vision;

Over stimulation of exocrine glands may result in tearing, salivation, sweating, and pulmonary edema;

Unregulated stimulation of the heart may result in bradycardia (most common), tachycardia, or arrhythmias such as atrial fibrillation.

Smooth muscle contraction of the lungs may result in bronchoconstriction; of the gastrointestinal tract in vomiting or diarrhea, and of the kidneys in frequency or incontinence.
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Unregulated stimulation of skeletal muscles may cause subjective or objective muscle weakness, fasciculations, cramps, twitching, or even paralysis.

Effects on the CNS range from headache and dizziness to loss of consciousness.

Reference:

Beck KD et al. Stress interacts with peripheral cholinesterase inhibitors to cause central nervous system effects.  Life Sci. 2003; 73:41-51. 
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A couple of well-known acronyms used as reminders of the effects of cholinesterase-inhibition are SLUD and DUMBELS.

However, the best way to remember the effects is to understand the type of organs affected (the information presented in the previous 2 slides).
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The type and severity of health effects observed following cholinesterase inhibitor poisoning is determined by the exposure dose and route.  Not all the effects described earlier will be observed in any one individual.

An important point to note is that the “typical” signs and symptoms of poisoning (those described by SLUD and DUMBELS) are likely to be absent in agricultural workers.  For example, excess pulmonary secretions (broncorrhea) resulting in pulmonary edema are more likely to be observed following intentional ingestion, rather than in occupational cases.  

The most common clinical presentations in occupational exposures are miosis, gastrointestinal distress, urinary frequency, and non-specific symptoms such as malaise.
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This next case will illustrate various clinical issues related to cholinesterase inhibitors

A 66 year-old male is seen at an urgent care center complaining of eye irritation, abdominal pain, nausea, vomiting, headache, dizziness, frequent urination, and muscle shaking that began approximately an hour prior to his visit.  He had been weeding a cotton field for 4 hours that morning.  He denies salivation, lacrimation, diarrhea. He has no history of hypertension or diabetes. He admits to occasional palpitations but no other symptoms over the past 6 months.  He noticed nothing unusual about the field, nor did he witness any pesticide applications.

33 other crew members are also in the urgent care center complaining of similar symptoms.  Other than their work, there is no common history for these workers, including a food source.

For further information about this case, refer to:  MMWR 1999; 48:113-116
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The workers all provide the same exposure history. At 6:00 am, the crew of 34 entered the field to weed. After 4 hours, they began to complain of nausea and vomiting and stopped working.

A telephone call to the employer reveals that a crop duster aerially sprayed the cotton field at 4:00 am with a solution containing the following active ingredients (these are all pesticides): 

Carbofuran (N-methyl carbamate)

Abamectin (macrolytic lactone) 

Mepiquat chloride (growth regulator)

The employer provides the pesticide label for carbofuran; this states that following carbofuran application on cotton, workers should be prohibited from entering the field for 48 hours. However, neither oral nor written warning regarding pesticide application was provided to the workers. (By law, employers are required to communicate information about pesticide applications to workers.)
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The physical exam is performed over 2 hours following cessation of work.  He is alert and oriented. He complains of nausea and abdominal pain. There is conjunctival injection but no lacrimation or sweating; his pupils are 3mm and reactive. He is afebrile with normal blood pressure (117/88), but he is tachycardic, with pulse rate of 106-155, irregularly irregular rhythm without murmurs. 

His lungs are clear; there is midepigastric tenderness; neurological exam is normal.

The subjective complaints of muscle shaking were not accompanied by objective findings of tremors or weakness.  
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An EKG shows atrial fibrillation.

Thyroid function tests and CPK level were drawn as routine workup for new-onset atrial fibrillation.
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The case so far can be summarized as a previously healthy 66 year-old farmworker with new onset atrial fibrillation and symptoms of dizziness, eye irritation, and GI distress following exposure to mixture of pesticides.

Several potential causes of atrial fibrillation can be ruled out:

 
Myocardial infarction-- ruled out with normal CPK


Thyroid disease--ruled out with normal TFTs


 Food-borne illness-- ruled out: there was no common food source for all the workers, although lack of hand washing facilities may have led them to ingest substances applied in the field in which they were working.


Cardiovascular disease/idiopathic– this worker had palpitations in the last few months suggesting that he may have been at risk for arrhythmia; however, the history & presentation suggests that sustained atrial fibrillation observed at the time of evaluation was of new onset, possibly related to pesticide exposure.
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A copy of the labels allows a call to the Poison Control Center and this provides the chemical and toxicity categories and some basic information on health effects. 

(Space bar in presentation)

Carbofuran is an N-methyl carbamate (US EPA Toxicity Category I), causing reversible cholinesterase inhibition and associated effects.

(Space bar in presentation)

Abamectin is a macrolytic lactone (US EPA Toxicity Category IV) that causes mild eye and skin irritation; it is not readily absorbed through skin; it is neurotoxic in high doses (primarily ingestion).

(Space bar in presentation)

Mepiquat chloride is a growth regulator (US EPA Toxicity Category II) that causes eye irritation; high dose ingestion is toxic in animals; limited information is available on this pesticide.

Of the three pesticides involved, carbofuran is the most acutely toxic (hit space bar in slide show)

Carbofuran poisoning explains the majority of the more severe symptoms, including dizziness, nausea and vomiting, frequent urination, malaise, and subjective muscle shaking. 

Although abamectin is a mild skin and eye irritant with neurotoxic effects in high doses, small amounts of abamectin were used.

Mepiquat chloride may have contributed to eye irritation but limited toxicity information is available.

This case illustrates some typical features of farmworker pesticide exposures:

Exposure usually occurs to multiple pesticides simultaneously

Toxicity information may be incomplete or lacking on some pesticides
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If the clinical evaluation and other information, such as label and MSDS, indicates that cholinesterase-inhibiting pesticides may be involved, laboratory tests should be obtained for confirmation.  

In general, pesticide poisoning may be confirmed with blood tests (measurement of physiologic response, parent compound, or metabolites), urine metabolites, and residues on plants, clothing, or other surfaces.  The type of test available varies according to the specific pesticide.  

Currently for most pesticides, clinical tests are not available to detect the presence of the parent compound, metabolites, or physiologic effects.  Cholinesterase-inhibiting pesticides are the exception, and most clinical laboratories perform at least one type of test (most commonly the blood test).  

Tests on leaves, clothing, and other surfaces are usually performed by regulatory, public health, or research agencies and generally not by clinical laboratories.  These tests are often comprise a crucial part of these agencies’ case confirmation procedures.  Measurement of pesticide residues is not restricted to cholinesterase inhibiting pesticides. Results should supplement clinical information and may be used to aid diagnosis.

It is important to remember that tests are confirmatory and that a diagnosis of pesticide poisoning is primarily clinical.

We will discuss these tests in a bit more detail.
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If the exposure dose is sufficient to produce cholinesterase depression, blood tests will detect this within minutes to an hour.  

Cholinesterase measured in clinical laboratories is an indicator for acetylcholinesterase activity occurring at cholinergic nerve terminals. The term cholinesterase refers to two different enzymes that are measured clinically.  

Cholinesterase on the RBC surface is structurally identical to acetylcholinesterase and is also known as “true cholinesterase”. It is present in RBCs and at neuromuscular junctions and is involved in synaptic transmission. It is a marker of acute toxic effects and more accurately reflects actual activity at cholinergic nerve terminals.  Depression of RBC cholinesterase is more commonly associated with toxic effects.

Plasma cholinesterase is accurately termed butyrylcholinesterase, not acetylcholinesterase, and is sometimes called “pseudo” cholinesterase.  Its function is unknown.  It is a marker of exposure, but its activity does not necessarily mirror that at cholinergic nerve terminals.

It is important to obtain both plasma and RBC cholinesterase tests, since pesticides may preferentially inhibit one enzyme over the other.  For example, the organophosphate dichlorvos causes preferential inhibition of plasma cholinesterase. Depression in plasma cholinesterase may be observed at lower exposure doses than those causing depression in RBC cholinesterase.

References:

Lotti M. Cholinesterase inhibition: complexities in interpretation. Clin Chem. 1995;41:1814-8.

Mason HJ. The recovery of plasma cholinesterase and erythrocyte acetylcholinesterase activity in workers after over-exposure to dichlorvos.  Occup Med. 2000; 50:343-7.
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Cholinesterase tests should be interpreted with caution, as an individual’s normal cholinesterase activity (prior to exposure to cholinesterase inhibitors) is termed the “baseline”.  The baseline cholinesterase activity in a typical unexposed population varies by 20%.  Consequently, cholinesterase tests can be accurately interpreted only if an individual baseline is available.  Cholinesterase-inhibiting pesticides cause lower enzyme levels compared to the baseline. In the absence of a baseline, a diagnosis of cholinesterase inhibition may still be made if the value is significantly low compared to the lab lower limit of normal. It should be noted that normal values at different labs may vary by as much as 4-fold. Comparing to lab normal may lead to false negatives.

There is no accurate correlation of cholinesterase levels with signs and symptoms of cholinesterase inhibition.  The manifestation of health effects depends on rate of decline of cholinesterase activity as well as the absolute level of activity. Chronically exposed persons may tolerate greater depression without symptoms than those who are acutely poisoned.  Although it is said that acute symptoms may be observed when RBC cholinesterase is depressed 80% of baseline or greater, there is little data to support this information.  

As with cholinergic nerve terminals, inhibitor pesticides may reversibly bind to cholinesterase in vitro.  Reversal of inhibition in a drawn blood sample will cause a false negative result.  Reversal of inhibition is most likely to occur with carbamates, at higher storage temperatures, and with prolonged storage times.  To decrease the rate of reversal, it is extremely important that blood samples be stored and transported on ice and analyzed as soon as possible.
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Cholinesterase testing can be used both prospectively as well as retrospectively to detect poisoning. 

Workers who may be routinely exposed to cholinesterase inhibiting pesticides may be biologically monitored to prevent severe poisoning.  This type of program involves pre-exposure baseline testing and periodic testing during pesticide exposure.  For example, California has such a program for certain pesticide applicators.  There are established thresholds for work site evaluation and removal from work based on the level of cholinesterase depression. Workers may be removed from work involving exposure to cholinesterase inhibiting pesticides if their cholinesterase levels drop below these thresholds, but before clinical symptoms of poisoning develop. (Graph on left hand side)

For more information on this topic, see : www.oehha.ca.gov/pesticides/programs/Helpdocs1.html

(In slide show mode, hit space bar twice)

For most workers, a baseline will not be available.  For these workers, periodic testing may be still used to make an accurate retrospective diagnosis of pesticide poisoning. A rise in cholinesterase activity suggests that exposure to a cholinesterase inhibitor occurred at or around the time of lowest cholinesterase activity. (Graph on right hand side)

For more information see: 

Lessenger J and Reese B. Rational use of cholinesterase activity testing in pesticide poisoning. J Am Board Fam Pract 1999; 12:307-14.
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Urinary metabolites are sensitive indicators of systemic exposure to pesticides.  

Alkyl phosphates are the most common type of urine metabolite measured; they are used to assay for exposure to  carbamate and organophosphate insecticides. 

Urine metabolites may be detected an hour after exposure and up to 48 hrs after exposure. Prolonged excretion suggests ongoing exposure or ongoing release from dermal stores (particularly for lipid soluble pesticides).

Although urine metabolites are more sensitive indicators of exposure to cholinesterase-inhibiting pesticides than cholinesterase activity, there are several drawbacks that limit their use.  

1. First, results indicate exposure and may not correlate with acute health effects. (Also true to some extent for blood cholinesterase)

2. Next, although measurement for classes of pesticides may be possible, the compound is more likely to be detected if the assay method is specific for the pesticide involved. Therefore for successful measurement of urine metabolites, it is important to know which pesticide is involved. This information is sometimes not available. In addition, methodology for assaying metabolites has been developed for only a few pesticides.

3. Finally, only a few clinical labs will assay urine metabolites; for the most part, this remains a tool used by academic researchers and government agencies.

Keep in mind, however, that this may be a good test for organophosphate and carbamate exposure, that some labs do perform the tests, and that urine samples may be frozen for subsequent metabolite assays.

An additional problem with interpretation of urine metabolites is the widespread use of cholinesterase-inhibiting pesticides.  As part of the recent nationwide survey NHANES-III, urine testing showed that urine metabolites of certain organophosphates were measured in a portion of the general population even in the absence of known pesticide exposure.
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In addition to biologic monitoring, objective evidence of pesticide exposure may also be obtained by measuring pesticide residues on plants, clothing, and other items such as car seats.

Residues provide proof of pesticide exposure in the environment being tested.  However, they are less specific than biological monitoring, which can show that there was internal exposure to a compound.

As with urine metabolites, residue analysis is limited by the number of labs that provide this service and the specificity of the test, which requires knowledge of the pesticide being assayed.
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The information just presented will now be applied to the farmworker case under discussion.  Since the carbamate pesticide involved was known,  both cholinesterase tests and urine metabolites were measured.

Plasma cholinesterase was normal but RBC cholinesterase was depressed compared to lab normal (no baseline was available for this worker, as is typical of virtually all fieldworkers).

Urine tests detected 3 different carbofuran metabolites.  In a normal or unexposed sample, metabolites would not be detected.
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Residues of all 3 pesticides applied were detected on leaf samples and 2 were detected on clothing samples. Carbofuran levels on foliage samples and clothing items were extremely high.  Carbofuran levels on foliage were consistent with application a few hours previously.

These pesticide residue results confirm that workers in this incident were exposed to high levels of carbofuran and other pesticides.
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This slide illustrates the complex nature of classifying pesticide illness cases.  The classification method shown for this case is used by the NIOSH-based surveillance programs described in Part 1 of this curriculum.

The NIOSH system uses three different pieces of information to classify a case: (1) pesticide exposure, (2) health effects, and (3) the relationship between exposure and effect.

Cholinesterase testing, urine metabolites, leaf and clothing residues provide evidence of pesticide exposure.

Subjective symptoms of nausea, vomiting, headaches, and dizziness, and observation of atrial fibrillation are consistent with carbamate toxicity.  

The literature supports a causal relationship between exposure and health effect through: Reports of symptoms characteristic of cholinesterase depression.  Evidence of organophosphate-induced atrial fibrillation exists in the gray literature; the mechanism of carbamate toxicity is similar. In this case, the worker may have been at risk for sustained arrhythmia (based on a history of palpitations) following a trigger such as cardiac irritation caused by fairly high level acute exposure to a toxic carbamate pesticide.

Based on these factors, this case would be classified as definitely related to pesticides.
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After removal of contaminated clothing, decontamination, specific steps should be followed if cholinesterase inhibitor poisoning is suspected.

Samples of serum for cholinesterase and urine for metabolites should be collected before administering any specific antidotes or medications, as these can affect cholinesterase results. Clothing should be double bagged and stored away from patient care and staff areas.

If symptoms are severe enough to require intravenous medication, the patient should be hospitalized.

Atropine and pralidoxime (2-PAM) are specifically used to treat poisoning due to cholinesterase inhibitors.  These will be discussed in the next few slides.

To prevent reexposure at the workplace, work practices may need to change, restrictions may have to be placed on job duties, or the worker may have to be medically removed.  Medical removal or reassignment to a different job should be considered for workers in a biologic monitoring program with cholinesterase depression below a predetermined threshold even if they are asymptomatic. 
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Atropine and 2-PAM (pralidoxime) are the 2 drugs used specifically to treat cholinesterase inhibitor poisoning. This slide describes the differences between and the uses of the two drugs.

Atropine is a belladonna alkaloid and an antagonist and temporarily blocks the binding of acetylcholine to the end organ receptor by competing for binding sites.  

Indications for atropine administration are excess secretions (for example bronchorrhea, pulmonary edema) and bradycardia.  It can be used to treat poisoning by both organophosphates and carbamates.

2-PAM or pralidoxime is a type of oxime used in the US. Different oximes are used in other countries. Unlike atropine, 2-PAM regenerates cholinesterase and permanently reverses cholinesterase inhibition, thereby affecting cholinesterase levels.  2-PAM should be used only to treat organophosphate poisoning, as there have been case reports of paradoxical worsening of symptoms when used to treat poisoning with certain carbamates. 2-PAM should be used if muscle paralysis, especially respiratory failure, is observed.
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Atropine temporarily reverses the muscarinic effects of cholinesterase inhibitors; these are the symptoms described by the acronyms SLUD and DUMBELS.  Atropine does not affect cholinesterase levels.

A diagnostic dose should be first administered; a temporary reversal of symptoms provides evidence of cholinesterase-inhibitor involvement. Therapeutic doses may be repeated every 10-30 minutes.  Frequent administration over several days may be required to control secretions.
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If organophosphate poisoning is not treated, “aging” of the organophosphate-enzyme complex occurs.  After aging has occurred, the bond between acetylcholinesterase and the organophosphate becomes permanent and normal cholinesterase activity will return only following regeneration of new enzyme.  This can take up to 3 months for RBC and several weeks for plasma cholinesterase.

The time it takes for aging to occur varies according to the specific pesticide, but takes no longer than 48 hours.  For some pesticides, such as sarin, used in the Tokyo subway attacks, aging can occur in a matter of minutes.

2-PAM slows down “aging” of the phosporhylated cholinesterase and binds to the organophosphate pesticide, making it  nonreactive. This results in cholinesterase regeneration and a rise in serum levels of RBC and plasma cholinesterase.  To accurately measure cholinesterase depression, it is crucial that cholinesterase tests are drawn before 2-PAM administration.  

Treatment with 2-PAM may be partially effective after 48 hours if large amounts are ingested or if  transfer of highly lipophilic organophosphates from fat to blood occurs over a long time period.

2-PAM relieves both muscarinic symptoms (in smooth muscle) as well as nicotinic symptoms (skeletal muscle).
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2-PAM is administered by slow IV infusion.  The doses for adult and pediatric administration are indicated here. Repeat doses are usually required.

In the presence of hypoxemia, 2-PAM can cause arrhythmias. Oxygen should be administered to prevent this from occurring. Continuous blood pressure monitoring is required to prevent another potential side effect, hypertension.
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The case farmworker was initially decontaminated by showering.

Treatment consisted of IV hydration and IV heparin and diltiazem for treatment of atrial fibrillation.

Because he did not display signs of excess pulmonary secretions or bradycardia, and because he was in atrial fibrillation, atropine treatment was not required.

He signed out against medical advice the day after hospitalization because he was worried about his belongings (he lived with several other farmworkers).  He converted to sinus rhythm following outpatient treatment with oral diltiazem and low-dose aspirin.

The grower was eventually fined for failure to notify the workers about the pesticide application.  Fines levied on growers may act as deterrents to noncompliance with regulation but are typically not of sufficient magnitude to cause a significant financial impact.
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A follow-up telephone survey conducted 3 months after the carbamate incident reached 50% of the 34 workers in the original crew. (Many farmworkers are migrants who move to find work or return to Mexico during certain parts of the year)  The survey found persistent subjective effects in several workers. However, no pattern of health effects was found. Moreover, the workers did not all receive consistent medical follow-up, so objective findings were not uniformly documented.

The reported continuing health effects may have been due to the exposure 3 months previously.  However, published studies of persistent effects of carbamates are lacking.  While researchers theorize that carbamates should not cause persistent health effects because their cholinesterase inhibition spontaneously reverses, anecdotal reports from patients exist suggesting that subjective symptoms continue well beyond the acute poisoning phase. 

Another explanation for persistent effects is that the exposure was not limited to the initial event. Instead, low-level exposure may have persisted through continuing work in fields, contact with items contaminated either from the acute event such as car seats, clothing, and other home items.  High level or prolonged exposure may result in prolonged fat to blood transfer of subdermal stores.  This is supported by the finding of prolonged excretion of carbofuran metabolites in some of these workers.

Reference:

Edmiston S. et al. exposure and illness following early re-entry into a carbofuran-treated field. 1999; California Department of Pesticide Regulation. HS-1779.
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Unlike carbamates, delayed effects of pesticide exposures have been reported with organophosphates. This is illustrated in the following case.

A 25 year-old grape harvester sought medical treatment for dizziness, disorientation, and vomiting.  He worked in a crew of 30, and at the time, no other crew members were ill. 

On exam, his vital signs were normal; examination showed only mild epigastric and suprapubic tenderness.  CBC and chemistry were within normal limits. After hydration with 2.5 liters of 5% dextrose/0.25 normal saline, his symptoms improved and he was discharged.

Reference:

O’Malley and McCurdy. Subacute poisoning with phosalone, an organophosphate insecticide. West J Med. 1990;153:619-24.
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The grape worker returned the next day with persistent weakness, dizziness, diarrhea, crampy abdominal pain, lacrimation, and salivation. 

On exam, he appeared weak; his pulse rate was 48 beats/min, and vital signs were otherwise normal. His pupils were 3 mm, lungs clear, abdomen nontender.

Labs were significant for low plasma and RBC cholinesterase.
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Information obtained from the employer and county agricultural commissioner revealed that a phosalone emulsion had been applied to grapes in the field the worker had entered.  Phosalone is an environmentally-persistent organophosphate pesticide with a half-life of up to 30 days.

The worker had entered the treated field one week after the restricted entry interval had expired and had worked for least one week before developing symptoms.  Leaf samples showed no residues of phosalone, and not any other cholinesterase inhibitors.
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The grape harvester was hospitalized for bradycardia and other signs and symptoms presumed due to cholinesterase inhibition.

While in the hospital, he had several episodes of severe bradycardia which responded to an initial dose of 1 mg atropine IV. In hospital, multiple 1 mg doses necessary for  heart rate as low 30 beats per minute (total 16.5 mg atropine over 8 days). Multiple 1 mg doses of atropine were necessary for  heart rate as low 30 beats per minute (total 16.5 mg atropine over 8 days).  On discharge, he was asymptomatic except for mild bradycardia.

As is typical for agricultural workers, in spite of moderately severe organophosphate poisoning, this worker never developed excess respiratory secretions. 
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Three days after the first worker first became ill, 3 coworkers developed nausea and abdominal cramping and sought care at the same hospital as the initial case.  Because there were multiple ill workers from a single worksite, the whole crew was examined. Asymptomatic bradycardia was observed among several crew members.  

(In slide show, hit space bar twice)

The graph shows the cholinesterase data on the entire crew.  Some workers exhibited severe depression of RBC (median 52.5% depression) and plasma cholinesterase (median 64.9% depression) in the absence of symptoms.
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This incident illustrates several important points:

1. Repeated intermediate-level exposure to the organophosphate caused gradual-onset poisoning with non-specific symptoms.

2. Symptoms of acute poisoning, such as respiratory distress and secretions, were absent. This is typical of occupational agricultural exposures. 

3. The index case served as a sentinel health event for a large-scale poisoning.  Surveillance systems ideally function to capture events such as this one before serious health effects become more widespread.

4. As a result of this incident investigation, phosalone was eliminated in the state in which this incident occurred for all manually harvested crops. This is an example of a regulatory intervention to improve occupational health among agricultural workers. 
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In addition to the health effects already described, organophosphate pesticides may also cause health effects not related to cholinesterase-inhibition.  

Some organophosphate pesticides have a particularly foul odor. An example is the organophosphate pesticide DEF/Folex, which contains volatile mercaptans.  The perception of odor may cause a variety of health effects unrelated to the toxicity of the compound. Odor-related health effects include nausea, headache, and asthma exacerbation.  It is important to remember that odor perception is extremely variable and it is difficult to predict the occurrence of these types of health effects.  Odor is an indication of exposure, but not necessarily other toxic effects. Nonetheless, odor effects should be considered illness reportable to surveillance systems.

Some components of organophosphate pesticides may cause irritant effects.  Examples are the vinyl halide organophosphates: naled and DDVP.

A particularly severe consequence of organophosphate poisoning is organophosphate-induced delayed polyneuropathy (OPIDP—also called OPIDN, where N stands for neuropathy). 

OPIDP is primarily a motor ascending neuropathy. Muscle biopsies show axonal degeneration with secondary demyelination.  OPIDP typically develops 2-3 weeks after severe cholinergic toxicity following ingestion of certain organophosphate pesticides. Patients usually initially complain of cramping leg pain, followed by distal numbness and paresthesia. Symptoms progress over a few days to leg weakness with depressed tendon reflexes.  Sensory loss is mild or absent. Severe OPIDP may result in quadriplegia with foot and wrist drop.

(In slide show mode, hit space bar)

This condition is also known as “Ginger Jake Paralysis”, after the moonshine that caused the condition.   

In the 1930s, more than 50,000 moonshine drinkers in a number of Southern states were crippled with partial lower extremity paralysis, as a result of drinking "jake". In some cases the paralysis proved to be temporary, but nearly all victims were forced to walk with in high-stepping, foot-slapping style that quickly became known as the "jake walk" or the "jake leg". 

The pesticides that cause OPIDP also inhibit an enzyme known as neuropathy target esterase (NTE). It is unclear how or if NTE plays a role in the pathology of OPIDP.  Examples of pesticides that inhibit NTE are chlorpyrifos, dimethoate, and malathion.  These commercially available organophosphates are on the market because the dose needed to cause OPIDP is much higher than that causing cholinergic toxicity.

Reference: 

Lotti M. Low-level exposures to organophosphorus esters and peripheral nerve function. Muscle Nerve. 2002; 25:492-504.
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The next group of insecticides we will focus on are the pyrethrins and pyrethroids. 
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Pyrethrins are the insecticidal extract of a particular type of chrysanthemum flower. They are broken down easily in the presence of light and water, limiting their outdoor use.

The pyrethroid pesticides are synthetically derived, light-stable relatives of pyrethrin.  Light stability allows pyrethroids to be used outdoors. They are often used with the synergist piperonyl butoxide. Because piperonyl butoxide is not used alone, there are no reports of human toxicity due to this synergist.  It is possible, however, that it may contribute to health effects.
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The natural pyrethrin pesticides have low systemic toxicity, but can cause respiratory sensitization, including exacerbation of pre-existing asthma. Fatal asthma attacks have been described following exposure to pyrethrin-containing pet flea shampoos.  The respiratory effects may be due to lactone impurities in the crude pyrethrin extract.

Skin reactions to pyrethrin pesticides are common. Paresthesia, described as numbness, tingling, and the sensation of insects crawling on the skin, are typical for both pyrethrin and pyrethroid pesticides.  In addition, burning, itching, and numbness has been described, and erythema may be observed following exposure.  Dermal sensitization to pyrethrins may result in allergic dermatitis.

Reference: Wax PM and Hoffman RS. Fatality associated with inhalation of a pyrethrin shampoo. Clin Toxicol. 1994; 32:457-460
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Pyrethroid pesticide use is increasing, both for residential and agricultural use.  Because of their low acute systemic toxicity, these pesticides are replacing organophosphates, which continue to be restricted by US EPA for both structural and agricultural uses.  

They are commonly found in pet flea and tick products, and are widely used as over the counter remedies for head lice and scabies. They are used for malaria vector control in developing countries, replacing DDT for this use.  In the US, they are used to control the West Nile virus.

The World Health Organization recommends their use to “disinsect” aircraft for purposed of vector control, as required by several countries.  The practice of disinsection is not allowed in the US because of concerns about resulting adverse health effects among passengers and crew. 

A flight attendant is shown “disinsecting” aircraft. The pesticide in this old photo is unlikely to have been a pyrethroid, but might be an organochlorine insecticide.

Slide 44

The health effects of pyrethrins are similar to those of pyrethroids. The most common symptoms are paresthesia, burning, itching, and numbness; erythema may be observed in the areas of contact.  Both irritant and allergic contact dermatitis may be observed following pyrethroid exposure. Rhinitis is common, as the respiratory nerve endings may be affected directly. 

Unlike the natural pyrethrins, respiratory sensitization and exacerbation of asthma has not been observed with the synthetic pyrethroids. However, under experimental conditions, certain formulations of pyrethroids have been found to result in increased airway responsiveness and respiratory irritant symptoms among asthmatics. 

Pyrethroids are slowly absorbed through skin, but prolonged or high level exposure may result in systemic effects. These range from dizziness, headache, and fatigue following mild exposures to vomiting, diarrhea, altered consciousness, fasciculations, seizures, and pulmonary edema with high level exposures.  

In vitro, certain pyrethroids (fenvalerate, sumithrin, d-trans allethrin) demonstrate estrogenic and antiprogestagenic activities and concern has been raised about their potential to act as endocrine disruptors.

The photo at right shows pyrethroid application for control of West Nile Virus.

References: 

Salome CM et al. The effect of insecticide aerosols on lung function, airway responsiveness and symptoms in asthmatic subjects. Eur Respir J. 2000; 16:38-43.

Garey J and Wolff MS. Estrogenic and antiprogestagenic activities of pyrethroid insecticides. Biochem Biophys Res Comm. 1998; 251:855-859. 

He F et al. Clinical manifestations and diagnosis of acute pyrethroid poisoning. Arch Toxicol. 1989; 63:54-58.
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Both the natural pyrethrins and the synthetic pyrethroids share the same mechanism of toxicity. 

Both compounds prolong the inactivation of sodium channels  on nerve membranes, prolonging neuronal excitation. Symptoms reported after exposure to these compounds are caused by these nerve membrane effects: paresthesia is due to effects on the sodium channels of nerves supplying the skin; rhinitis is due to effects on nerves in the nasal mucous membranes; and gastrointestinal irritation following ingestion is due to effects on GI mucosal nerves.

The structure of pyrethroid pesticides (but not pyrethrins) affects the duration of sodium channel inactivation, and consequently the duration of symptoms.  Pyrethroid pesticides may be roughly categorized into Type I & II.  Type I pyrethroids inactivate sodium channels for a shorter period of time than Type II. Examples of Type I pyrethroids are permethrin and resmethrin. In animals, severe systemic poisoning by Type I pyrethroids results in reflex hyperexcitability and fine tremor.

Type II pyrethroids have an attached alpha-cyano group, which prolongs the time the sodium channel remains inactivated; this results in longer-lasting symptoms.  Examples are cypermethrin and esfenvalerate.  In animals, severe systemic poisoning by Type II pyrethroids results in salivation, hyperexcitability, choreoathetosis, and seizures.

Although the mechanism is unclear, pyrethroid toxicity may be enhanced by simultaneous exposure to organophosphates. 

Reference:

Coats JR. Mechanisms of toxic action and structure-activity relationships for organochlorine and synthetic pyrethroid insecticides. Environ Health Perspect. 1990; 87:255-262
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Following dermal exposure, immediate decontamination of the skin with soap and water or saline is an important first aid measure, since the dermal symptoms are prevalent. If a large amount has been ingested, and the patient is seen within one hour or ingestion, gastric contents should be emptied.

Vitamin E cream may be effective for controlling paresthesia if used promptly after exposure and decontamination. Vitamin E may work by either sequestering pyrethroid into the vitamin or by a membrane interaction. Antihistamines may be effective for allergic reactions. 

There are no proven effective therapeutic measures for systemic poisoning, although many experimental therapies have been tried in animals. For non-dermal effects, symptomatic therapy should be administered. For example, anticonvulsants should be administered for seizures; case reports suggest that pyrethroid-induced seizures may require prolonged treatment with multiple anticonvulsants.

If signs and symptoms are suggestive of sensitization or allergic reaction, workers should be removed from further exposure and residential use should be advised against. 

Reference:

Ray DE, Forshaw PJ. Pyrethroid insecticides: poisoning syndromes, synergies, and therapy. Clin Toxicol. 2000; 38:95-101.
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A 35 year-old non-pregnant female complained of burning and itching on her arms and face and chest tightness that began immediately after putting on clothes she had taken out of her closet. She had just entered her house 2 hours after setting off a flea bomb. 

Physical exam was remarkable for redness on the skin of her face and arms.  Her chest tightness had resolved shortly after leaving her house and on exam her lungs were clear.
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The woman brought in the flea bomb package– a drug store brand household insect fogger with the following ingredients listed on the label: 

0.435% permethrin

0.05% pyrethrins 

0.4% piperonyl butoxide

99.115% inert ingredients

The label also recommended that 4 hours elapse between the start of fogging and entry into the structure being treated.

In this case, exposure to both pyrethrins and a pyrethroid occurred as a result of premature entry into a treated structure.  

The exposure was limited and treatment should consist of removal of the contaminated clothing, decontamination and consideration of topical vitamin E cream. 
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The last group of insecticides covered will be the organochlorines.
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US EPA has banned the use of many organochlorines and these products are now primarily of historical interest in the US. DDT and chlordane are examples of organochlorines no longer used in the US.  

DDT was banned from US use in the 1970s due to its long environmental half-life and toxicity to avian wildlife.  However, the US manufacture of DDT for export to other countries continued for some time following the ban on its use. One of the continuing uses for DDT is malaria control.  Although pyrethroid pesticides have been used for malaria control in endemic areas, insect resistance has led to a growing debate regarding the advisability of renewing the active use of DDT for this purpose.

Lindane is the active ingredient of Kwell, used as a human scabicide.  This sale of lindane for this purpose was banned in California in January 2000 (although existing stock could continue to be sold).

Hexachlorobenzene is a  fungicide used as a seed protectant. It will be discussed in a later section.
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Organochlorines are absorbed through the skin, lungs, and the GI tract.  A significant part of the absorbed dose is stored in adipose tissue.

The CNS is the site of acute toxic effects.  Specific effects vary by compound, but include headache, dizziness, irritability, incoordination, tremor, and seizures. Paresthesia is associated with DDT exposure. Acute toxic effects should be treated with anticonvulsants. Because high tissue levels of organochlorines increase myocardial irritability, oxygen should be administered ( hypoxemia may exacerbate arrhythmias) and cardiac monitoring should be performed.

Animal studies suggest that several organochlorines may be carcinogenic.  For example, dieldrin induces liver tumors only in mice; DDT induces hepatic and other tumors in non-human primates. Evidence of association between organochlorine exposure and risk for human hepatic cancer risk is equivocal, based on worker studies.

The association between organochlorine exposure and breast cancer has been the subject of numerous studies.  Although these studies have yielded both positive and negative results, overall the data  do not support an association.

In vitro studies suggest that organochlorines may cause endocrine disruption by interacting with estrogen and androgen receptors.

References: 
Calle EE et al.  Organochlorines and breast cancer risk. CA Cancer J Clin. 2002 Sep-Oct;52(5):301-9.
Sielken RL et al. Cancer dose-response modeling of epidemiological data on worker exposures to aldrin and dieldrin. Risk Anal. 1999 Dec;19(6):1101-11.

Takayama S et al. Effects of long-term oral administration of DDT on nonhuman primates.  J Cancer Res Clin Oncol 1999;125(3-4):219-25. 
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In addition to systemic effects, organochlorines have dermal effects.  

There are historical reports of chloracne due to DDT among workers.  The photo at right shows chloracne in a DDT production worker.

Occasional reports exist of skin irritation due to lindane’s use as a scabicide, although this was not reproduced in a patch test series.

From: Bowen and Moursund. 1956 Arch Dermatol
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Irritant reactions have also been reported with dienochlor. Patch testing results in hyperpigmented lesions resembling reactions to Balsam of Peru.
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A 9 year-old child was brought into the emergency room by his parents after witnessed myoclonic seizures. There was no history of seizures, head trauma, etc.  

In the ER, the child was sleepy, but oriented. He was complaining of abdominal cramping and burning throat. Physical exam was normal. 

The child’s parents had mistakenly given him 1  tablespoon of lindane shampoo instead of cough syrup. The child was observed overnight and since there was no more seizure activity, he was released the next day.

Mistaken administration of lindane instead of cough syrup was not uncommonly reported to poison control centers in California prior to banning the sale of lindane as a pediculicide.
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In summary, insecticides are widely used.  Exposure can occur in a variety of settings, at work and at home. Specific toxic effects are determined by the chemical category of the insecticide, although non-specific and solvent-related symptoms may be common to all. Decontamination and symptomatic therapy remain the mainstays for treatment of all pesticides. Specific therapy is limited to the cholinesterase inhibitors (2-PAM and atropine) and pyrethroids (vitamin E cream). 

Primary prevention of insecticide illness involves use reduction.  Physicians should counsel patients to reduce or eliminate use of insecticides where possible.  Use in homes, especially where children are present, should be actively discouraged to prevent accidental exposure. Caution should also be exercised in prescribing therapeutic pesticides such as lindane for scabies, as significant adverse effects may result from inappropriate administration.

