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I. Why Physicians Don't Know Much About Pesticide Poisoning.

A. Medical training inadequate for recognition of pesticide induced illness. Most medical schools have very little toxicology, and there is little continuing medical education offered.


B. Most physicians are comfortable with the infectious, metabolic, endocrinologic, and neoplastic etiologies of disease, but have difficulty switching mental gears to think of possible toxicologic causes, because of training, but more so because of the ubiquity of the toxic products in everyday use, which lulls us into a false sense of security as to their potential to cause human illness.


C. Physicians and other HCW's learn from experience, and the most essential aspect of this education is persistence in taking a complete history and maintaining a high index of suspicion in day to day contact with patients.


D. Several areas of special enquiry required to diagnose and care for pesticide related illness.



1. Acquaintance with the patient's occupation, hobbies, travel habits, sanitation and household habits.



2. Knowledge of the classes of symptoms associated with pesticide toxicity. How to read a pesticide label. Knowledge of information sources (reference materials, databases, Poison Control Centers)



3. More detailed history regarding possible exposure routes and episodes to uncover the temporal relation of the symptoms to the possible exposure. 



4. Realization that in the office setting, the symptoms of poisoning may be more subtle than those seen in the ER setting where the poisoning may me more flagrant and obvious. Symptoms often mimic other conditions that are more common.



5. Knowledge of the laboratory tests available -- very few other than for those of organophosphate and carbamate groups.



6. Knowledge of specific antidotes and other treatments.



7. Knowledge of long term effects, such as carcinogenesis, teratogensis, mutagenesis, neurologic disorders.



8. Knowledge of state reporting requirements and other public health followup if warranted.

II. General Classes of Pesticides and Their Basic Health Effects: 

--  Intend to cover clinical effects of five commonly encountered classes of pesticides, based on a brief review of their pharmacology and physiology, which will be covered in more detail elsewhere. Several other classes exist, but are not reviewed.


--  Will concentrate more on milder acute effects, and less on massive intoxications which would be seen in ER, and usually not in the office.


A. Organophosphates and Carbamates.


1. Physiology and Symptomatology.



a. Inhibit acetylcholinesterase irreversibly  (organophosphates) or reversibly (carbamates), thereby preventing the metabolism and breakdown of acetylcholine at the nerve endings.
 




b. Increases the stimulation of the various end organs which depend on acetylcholine as a neurotransmitter.





1) Parasympathetic (muscarinic) effects--

MUDDLES: M - miosis         ALSO: blurred vision, bronchorrhea


    U - urination

    perspiration, bradycardia,


    D - diarrhea

    cardiac arrhythmias,


    D - defecation

    bronchoconstriction, vomiting


    L - lacrimation

    cramping. 


    E - excitation


    S - salivation





2). Neuromuscular (nicotinic) effects --

Skeletal excitation with fasciculations, cramps, weakness, loss of reflexes, paralysis.





3). Central Nervous System.






a). Excitatory -- HA, dizziness, malaise, fear, confusioin, hallucinations, bizarre behavior, convulsions.






b). Depression -- depressed sensorium, LOC, respiratory depression.







---

CAVEATS:  1. The parasympathetic manifestations may be opposed by sympathetic stimulation with preganglionic cholinergic innervation, therefore, pupils could be small, medium, large. 



2.Different patients will manifest different systems -- muscarinic, nicotinic and CNS separately or in various combinations. Mild poisoning is usually mild muscarinic.



3. Tolerance may develop after chronic exposure to low levels of organophosphates, not carbamates, therefore, the rate and dosage of the exposure determine the presence and severity of symptoms.


 
4. Symptoms of mercaptan exposure (mercaptans are produced when the "-thion" form is converted in the environment after application to the "-oxon" form of the organophosphate) are related to their noxious odor, with resulting headaches, nausea, and vomiting, and can be mistaken for organophosphate poisoning.







---




c. Inhibition of neurotoxic esterase -- may lead to delayed peripheral neuropathy (symmetrical distal axonal degeneration) or OPIDN (organophosphate-induced delayed neurotoxicity).




d. Dermatitis -- covered elsewhere.



2. Differential Diagnosis.



a. Acute viral infection: influenza, respiratory infection, viral gastroenteritis.




b. Acute cerebrovascular accident with pupillary inequality, confusion, ataxia, diminished reflexes, seizure activity, coma, etc.




c. Heat related illness: heat exhaustion, heat stroke.




d. Idiopathic symmetrical peripheral neuropathy: Guillain-Barre syndrome, paraneoplastic disorder, metabolic disorder, etc. 




e. Alcohol or drug intoxication.



3. Laboratory Diagnosis.



a. RBC acetylcholinesterase levels: "true" ChE

(i.e. it more closely approximates what is in the nerve ending.





1). Wide range of normal, both in the same person and between individuals, therefore hard to interpret what is normal if there is no pre-exposure baseline.





2). Regenerates at about 1%/day with new erythropoiesis.





3). More difficult to measure and more prone to lab error.





4). Symptoms don't occur until 50% decrease in baseline level, but may occur at lesser decreases (70% of baseline) if drop is precipitous, or not until much lower levels (70% of baseline) if drop is gradual.




b. Plasma acetylcholinesterase levels: "pseudo"ChE 





1). Less specific than RBC ChE: depressed by poor liver function, acute disease states, malnutrition, cirrhosis, and diminished plasma albumen levels.





2). Regenerates more rapidly: 25% in 7-10 days.





3). Easier to measure.




c. Additional points.





1). ChE not a good way to follow recovery since symptoms improve despite persistent depressed levels.





2). Levels must be drawn before Pralidoxime is given (esp. if measuring RBC ChE).





3). Atropine administration can be diagnostic because of the immediate reversal of symptoms.





4). ChE not useful for carbamate toxicity, because of rapid reversal of inhibition.





5). There are no specific tests of OPIDN --

nerve conduction velocity may help distinguish from GBS.



4. Treatment.



a. When to treat with drugs -- severity, respiratory depression, clinical judgment.




b. Atropine Sulfate.





1). Dose -- 1-2 mg IV will produce reversal of mild poisoning symptoms.






    -- 2-4 "  "  may be needed for severe poisoning.






    -- repeat q 15 minutes as needed -- no maximum dose.





2). Reverses muscarinic effects, not nicotinic (muscular) or CNS effects, therefore will not be used alone for persons with respiratory depression.





3). Treat until signs of atropinization -- dry mouth, tachycardia, flushing, dilated pupils.




c. Pralidoxime -- ER drug: will be covered in another lecture.


B. Organochlorines.


(Structural pesticides: aldrin, endrin, heptaclor,   


chlordane, lindane, DDT)



1. Physiology and Symptomatology.



a. Well absorbed from GI tract and from skin.




b. Metabolized by liver.




c. Stored in fat for long periods.




d. Elimination of acute toxic levels is:





1). Days for chlordane and lindane.





2). Months for aldrin and heptachlor.





3). Years for DDT.




e. Mechanism of action is not known, but they appear to affect the transmission of nerve impulses, but not nerve ultrastructure.




f. Symptoms.





1) Acute: 2-3 hrs. onset after ingestion.







2-3 wks. onset after dermal exposure.






a). CNS excitability -- HA, confusion, disorientation, weakness, tingling, tremor, twitching, convulsions, coma. 





 
b). Nausea and vomiting after oral, but not dermal exposure. 











c). Organic solvents in formulation may cause CNS depression.






d). Aplastic anemia -- possible cause.





2). Chronic: probable cancer promoters, with some loose association in humans with leukemia, brain and lung cancer. Shown to cause liver tumors in mice.



2. Differential Diagnosis: drug intoxications, CNS infections.



3. Laboratory: direct measurement in tissue, but almost always clinical diagnosis.



4. Treatment: support and decontamination.


C. Dipyridyls.


(Herbicides: Diquat and Paraquat)



1. Physiology and Symptomatology.



a. Absorbed via GI, with very little dermal absorption unless the skin is abraded.




b. Most eliminated through urine in 48 hrs.




c. 20-30% stays in adipose tissues and is eliminated over 2-3 wks.




d. Irritant effects.





1). Skin irritation and fissuring, nail loss.





2). Upper respiratory irritation with conjunctivitis, nosebleed, sore throat.





3). Gastritis and GI ulceration with nausea, vomiting and diarrhea leading to dehydration.




e. Multisystemic Injury.





1). Both: hepatocellular and renal damage.





2). Paraquat: triphasic course.






a). Early (1-2 days)--inflammation of GI and upper respiratory tracts.






b). Middle (4-5 days) -- myalgias, renal and hepatic injury (usually reversible).






c). Late (1-2 wks) -- lung damage with pulmonary edema, dyspnea and tachypnea, leading to fibrosis with asphyxiation and death.




f. Chronic effects--skin changes, pulmonary fibrosis, if patient survives.



2. Differential Diagnosis: gastritis and pulmonary inflammatory conditions, but usually clear from history.



3. Laboratory: analysis of blood, vomitus, urine.



4. Treatment: -- decontamination of eyes, skin and hair.





    -- emetics, gastric lavage, catharsis.





    -- support.


D. Chlorophenoxy Compounds.


(Herbicides: 2,4-D, 2,4,5-T, Silvex)



1. Physiology and Symptomatology.



a. Absorbed through skin, gut, lung.




b. Urinary excretion within days.with little fat absorption.




c. Mechanism of action in humans is unknown.




d. Irritant effects on skin and mucous membranes, as well as respiratory tract.




e. Liver, kidney, muscle, and CNS injury with large doses.




f. Symptoms: immediate upon exposure.





1). Irritation of skin and upper respiratory tract.





2). GI flu-like symptoms with nausea, vomiting and diarrhea, with chest and abdominal pain.





3). Large amounts ingested causes metabolic acidosis with muscle flaccidity and twitching, fever, tachycardia, hypertension, sweating, convulsions and coma.





4). 2,4-D has been associated with delayed (7-10 days) acute ascending symmetrical peripheral neuropathy, similar to GBS.




g. Chronic effects of 2,4-D associated with non-Hodgkins lymphoma .



2. Differential Diagnosis: flu, viral infection, CNS infection, GBS or other toxic exposure.



3. Laboratory: analysis of blood, urine by GLC ASAP.



4. Treatment: supportive, emesis, charcoal, decontamination, alkalinization of urine.


E. Halogenated Hydrocarbons.


(Fumigants: EDB, Carbon tetrachloride, DBCP, methyl bromide, ethylene dichloride, chloropicrin)



1. Physiology and Symptomatology.



a. Adsorption mostly respiratory, but can be dermal, and various compounds cause more or less irritation of lungs and skin.




b. Excretion is hepatobiliary and usually rapid with little bioaccumulation.




c. CNS depressant effects.




d. Cardiac irritability with ventricular arrhythmias.




e. Liver and renal necrosis seen with excess exposure.




f. DBCP and EDB are highly carcinogenic, with the others to a lesser degree.




g. DBCP and EDB can lower sperm counts.







h. Methyl bromide:





1). Respiratory: pulmonary edema because of its low upper respiratory irritant effect.





2). CNS: slurred speech, incoordination, syncope, LOC, depression, seizure, tremor, coma, permanent neurologic and psychiatric sequelae.





3). Peripheral NS: progressive peripheral neuropathy (chronic exposure).



2. Differential Diagnosis: other causes of acute liver and kidney failure, CNS and peripheral nervous system disorders, causes of noncardiac pulmonary edema, etc.



3. Laboratory: no specific tests. Serum Bromide in suspected methyl bromide if no history available (>50 mg/L associated with symptoms).



4. Treatment: symptomatic only.

III. FIVE CASES
Case 1. D.K.
72 year old Hawaiian woman with a long history of hypertension and stable angina pectoris presented with a 4 hour history of SOB, wheezing, nasal congestion, conjunctival irritation, and mild nausea. Patient claimed some chest tightness that resembled her usual angina, but this had only lasted a few minutes. Patient had noted the onset of her symptoms while sitting on the toilet after having released a bug bomb in the bathroom an hour earlier and closed the room in order to kill roaches. The patient had no other exposures in her environment, had not exerted heavily just prior to the onset of symptoms. She felt quite a bit better since coming into the clinic from home.

Her physical examination was remarkable for a resting tachycardia of 110, and a mild tachypnea. Her conjunctivae and nasal mucosa were moderately erythematous with increase coryza, and her lungs demonstrated scattered rhonchi, but no rales or wheezes. The rest of her exam was normal.

Laboratory testing reveal a normal CBC, chemistry panel, chest x-ray and EKG.

The patient was given an antihistamine and sent home with caution to avoid that bathroom for several days. She had no further problems.

DISCUSSION. The offending agent was a probably a commonly used pyrethrin based bug bomb. Pyrethrins are very low toxicity agents which rarely cause medical problems, and when they do, are usually allergic in nature, in this case allergic rhinitis and possibly bronchospasm. In a patient such as this with angina, the possibility of anacute myocardial infarction with heart failure quickly crossed my mind. The other possibility in this case, but unprovable, was that one of the "inert" ingredients may have caused this reaction.

The key here is careful questioning about even mundane practices they patient may have undertaken in proximity to the onset of symptoms, although in this case, the patient volunteered the exposure on her own. The treatment for this case is simple removal of the patient or the agent from the environment.

Case 2. E.S.
In 8/90. a 56 y/o Caucasian woman, with a history of uncomplicated myocardial infarction in 1970, noted numerous centipedes in the floorboards of her bedroom in Kihei, and poured several tablespoons of undiluted malathion into the crack. She noted a strong odor, but went to bed as usual that night, and awoke in the early a.m. hours with blurring of her vision, coarse tremulousness, weakness, nausea, cracking voice, excessive salivation. She had her son take her to Emergency where she was told she had organophosphate poisoning on the basis of an depressed plasma acetylcholinesterase level. She was hospitalized overnight and released the next morning without further testing or treatment. 

She returned to her home, where despite opening the windows and staying out of her bedroom, she experienced recurrence of her symptoms, but had, in addition, tingling of the arms and legs, mainly in the hands, along with twitching of the face and muscle cramps. She was seen by another physician a few days later, and another acetylcholinesterase test was performed, but she did not know the results. She was tachycardic and because of her symptoms, and her history of prior myocardial infarction, she was again hospitalized. No cardiac disorder was found, and the patient was again discharged. 

The patient first presented to me 3 months after the initial episode with multiple complaints all of which are exascerbated when she entered any part of her house, especially her bedroom. These included loss of energy, fatigue, weakness, tremor of the upper extremities, visual blurring. Additional history is that the patient had been undergoing a very emotionally disturbing divorce and also that she had a family history of benign essential tremor.

Physical exam revealed a well nourished, well developed middle aged women in moderate anxiety. Pulse was 100 and respiratory rate was 22. Examination was normal except for a mild intention tremor of the outstretched hands. Tests for muscular weakness and peripheral neuropathy were normal. Cranial nerves and vestibular function were normal.

Laboratory findings showed an RBC cholinesterase level of 14.3 u/ml (9.9--19.3). Chemistries and CBC were all normal.

The patient was reassured that she currently had no acute or chronic effects of organophosphate poisoning. He tremor was felt to be due to her highly stressed condition and probable benign essential tremor. She was given a low dose of a mild sedative for the stress induced anxiety that she was experiencing. She was much improved on her next visit.

DISCUSSION: 1. This neurotic woman suffered a significant organophosphate poisoning because of her basic lack of understanding of the use and danger of this powerful insecticide. She was appropriately diagnosed and admitted to the hospital for observation, and was not treated either because she was not ill enough, or because the attending physician did not know the treatment. Her physician failed her when he allowed her to be discharged back to her home without first warning her of the dangers of repeat exposure, leading to her eventual repeat hospitalization. 

2. Organophosphates can cause subtle symptoms such as fatigue and malaise at low levels that do not cause acute symptoms of poisoning. In hot dry climates, such as exist in Kihei on Maui, malathion can persist in a state of very slow degradation for a long time. She probably suffered exposure to low levels after her second discharge enough to cause her to seek medical help again. 

3. The patient was quite emotionally distraught and anxious due to the recent breakup of her marriage, and had a tremor which was most likely a familial benign essential tremor. She mistakenly attributed her anxiety state and her tremor to the malathion. Upon educating her and perfoming the appropriate test, the physician was able to reassure her and enable her to begin to work on the primary causes of her symptoms.

Case 3  F.G.
A 26 year old construction worker had been working in Haiku intermittently over the last two months on the construction of a large wood framed house. Much of the construction took place during rainy weather. Approximately 2 months prior to his visit, he began to experience initially an irritation, then a red rash, and finally sores on his hands, arms and legs, accompanied by a burning sensation in these areas. Two other carpenters at the worksite also experienced skin problems of a similar nature during this period of time. He noted that his symptoms became better on the weekends, but would get worse on return to the jobsite. He denied any allergies, new food or medicine ingestion, new detergents. He denied exposure to any solvents or resins during this stage of the house construction.

About 2 weeks prior to his visit, he had been working during an especially rainy period because of a deadline, and noted that there was frequently a mist in the clearing where the house was being built. He noted the onset of cough and some mild wheezing after several hours on the site. This continued and he developed purulent phlegm, and a low grade fever. His symptoms improved but did not resolve on weekends when he was not working. The patient was not a smoker and had had no prior history of hay fever, asthma or other respiratory conditions. 

On physical exam, he was a well nourished, well developed male with stable vital signs and in no respiratory distress. His examination was normal except for bronchial breath sounds and scattered coarse rhonchi. He had a raised erythematous maculopapular rash on the hands and forearms, but not on other parts of the body.

On careful questioning, the patient revealed that the wood that was being used for construction had been treated with pentachlorophenol (PCP) and that he had been handling this wood without proper clothing or skin protection, and during periods of rainy mists, he had not used a face mask.

The patient requested laboratory testing to determine whether his exposure may have had any effects on his liver, kidney or blood . A CBC and chemistry panel were normal. Likewise, chest X ray was normal.

DISCUSSION  1. Construction workers usually don't consider wood treatment as presenting a toxic risk to their health. In hot humid climates, it is very difficult to maintain proper protection against exposure to pesticides that are an integral part of the environment in which they are working. Careful questioning was necessary to arrive at the probable diagnosis and course of action for this patient.

2. Dermatitis is a common effect of PCP, in this case either a primary irritant effect, or a contact dermatitis. Moisture and heat make dermatitis much more likely because moistness of the wood allows leaching of the PCP to the surface of the wood in greater than usual amounts. 

3. PCP, by outgassing in the very humid atmosphere and suspended in the "mist" the patient noted, may have affected this man's lungs by its irritant effect on mucous membranes and, in particulary, his respiratory mucosa, leading possibly to his bronchospasm and eventual bronchitis. While his symptoms may have been a simple viral infection leading to bacterial bronchitis, it is more probable that his toxic exposure mimicked pathogen-induced respiratory disease.

Case 4. L.K.
In 1984, a 68 year old Japanese ancestry woman, who lived in a heavy flower and vegetable farming area in Kula, Maui, became fatigued and began to note easy bruisability over the prior two weeks. Three days prior to admission, she noted increasing fatigue, weakness, numerous small spots on her lower extremities and dark looking bowel movements. This woman had been healthy all of her life and took no medication, including anything from the drugstore or herbal preparations. She denied any evidence of hepatitis, and had no exposure to blood products and no recent sexual intercourse. She did not smoke or drink alcohol. Her family history was negative and her husband was retired farmer. The rest of her review of systems was negative, denying arthritis, fever, chills. She had not recently travelled.

On physical exam, she was pale and exhasuted appearing and had a temperature of 99.8, mild tachycardia, and slight orthostatic hypotension. She had a few soft palate petechiae. There was no icterus. Lungs were clear, and heart sounds were normal. She had no hepatosplenomegaly or abdominal tenderness or bruits. She had trace pedal edema. Her skin revealed numerous petechiae in the distal lower extremities. She had scattered small ecchymoses on her UE's and torso.

Her laboratory was remarkable for a CBC showing a WBC of 2.4 with a PMN count of 600, a hematocrit of 23% and a platelet count of 12,000. She was admitted to the hospital where a bone marrow aspiration and biopsy were immediately done, showing panhypoplasia of all cell lines compatible with aplastic anemia. Viral studies for hepatitis, Epstein-Barr, CMV, and influenza, autoimmune studies for lupus and rheumatoid arthritis, and a search for paraneoplastic causes of her condition were negative.

As I was unable to find a an obvious cause for her aplastic anemia, I asked her husband to go around his neighborhood and compile a list of all the pesticides that had been used within 1/2 mile of his house over the last 6 months.  The list he presented 2 days later contained 26 different commercial pesticides, including at least two that had been banned for all uses a year before, EDB and DBCP.

The patient was transferred to a large center in Honolulu for further evaluation and treatment. She was considered for a bone marrow transplant, but fortunately began to recover her bone marrow function spontaneously, and in 6 months had low-normal blood counts in all cell lines. She and her husband were advised to sell the farm and move into town.

DISCUSSION.  This was a case of presumptive pesticide-induced illness although no firm causative agent could be identified with certainty. This is often the case, that multiple possible agents may be present, and it is impossible to implicate any one in the disease. Also, a strong case could be made that this represented an infectious etiology from a virus we did not identify, or an autoimmune or neoplastic condition that has not yet reached clinical recognition, but given the recovery she demonstrated, we felt compelled to advise her to avoid further exposure to agricultural pesticides.

Case 5  R.F.

This was a 23 year old Japanese ancestry female graduate student home on vacation at her parents home when she noted a red, tender spot on the medial aspect of her right breast. It grew rapidly over the next several days, and the patient presented in the clinic. She had had no prior illness, breast lesions, or breast trauma. She remembered no insect bites. She had no other sores on her body. She had two older brothers, the oldest of whom was healthy, but the youngest of whom was under going chemotherapy in Honolulu for a rare form of leukemia. She had lived on Maui all of her life except for the last year when she had been in Los Angeles pursuing a master's degree in biology. 

On physical exam, she was afebrile, and her exam was unremarkable except for a 5x5 cm indurated raised hot, tender, erythematous, well-defined lesion in her medial right breast not involving the nipple. There was no adenopathy. 

She was admitted to the hospital where a surgeon performed an incisional biopsy followed by a radical mastectomy with a node dissection for a highly malignant carcinoma of the breast with rapid lymphangitic spread. Despite all measures, including chemotherapy, radiation therapy, and hormonal modulation, the patient died for months later of metastatic breast cancer.

Careful questioning of the mother and father of the unfortunate young woman revealed that when their daughter was three, and their youngest boy was 5, the family moved into a newly constructed split level house in Wailuku. The ground beneath had been impregnated with chlordane for treatment of ground termites about two weeks prior to their occupancy. One week after they moved in, there was a large rainstorm, and the entire house flooded. The patient and her youngest brother occupied a carpetted room on the lower half of the split level house. All the other family members occupied the higher levels, and the other son's room was uncarpeted. The waters receded after several days, but the patient's room remained moist for several weeks thereafter, such that the children had to wear their sandals to keep their feet dry.

DISCUSSION. With this case, we enter the nebulous zone of tragic speculation: two out of three children contract rare forms of malignancy 18 and 20 years after a possible heavy exposure to a structural pesticide, now known to be carcinogenic, chlordane. No court of law would ever allow cause and effect to be established in this case, but certainly, the circumstances are highly suggestive.

IV. Special Problems in Hawaii.


A. High Pesticide Use; Little Accountability.


B. Many Pesticides Now in Groundwater.


C. Effects of New Groundwater Laws.


D. Who's Responsible for Monitoring?



