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This publication describes cholinesterase, as well 
as how several pesticides in different pesticide 
families can affect cholinesterase levels in humans, 
and the importance of timely monitoring of 
cholinesterase levels for any who handle 
organophosphate or carbamate pesticides, which 
inhibit cholinesterase.

Cholinesterase

Cholinesterase, or, more properly, 
acetylcholinesterase, is an enzyme essential for 
normal functioning of the nervous system of humans, 
other vertebrates, birds, and insects. In the body, 
acetylcholinesterase inactivates the chemical 
messenger acetylcholine, which is normally active at 
the junctions between nerves and muscles, between 
many nerves and glands, and at the synapses between 
certain nerves in the central nervous system. When 
cholinesterase levels are low because of excessive 
inhibition, the nervous system can malfunction, 
which can lead to death.

Certain chemical families of pesticides, such as 
organophosphates and carbamates (Table 1) work 
primarily, but with a few exceptions, against 
arthropod pests by interfering with, or inhibiting 
cholinesterase. While the effects of 

cholinesterase-inhibiting products are intended for 
pests, these chemicals can also be poisonous — toxic 
— to humans in some situations. Human exposure to 
cholinesterase-inhibiting chemicals can result from 
inhalation, ingestion, or eye or skin contact during 
the manufacture, mixing, or applications of these 
pesticides.

Exposure

Cholinesterase inhibition due to exposure to 
these families of pesticides can cause acute or 
delayed effects, ranging from mild to severe 
poisoning (Table 2). Each person has a certain 
baseline level of cholinesterase enzyme that is 
considered normal for that individual. Exposure to 
carbamate and organophosphate pesticides inhibits 
cholinesterase, resulting in continual overexcitation 
of nerve-to-nerve and nerve-to-muscle 
communication. 

Extreme exposure to pesticides that inhibit 
cholinesterase — exposure resulting, for example, 
from spilling concentrates on one's self — can cause 
immediate illness. Lesser exposures may not cause 
symptoms that are immediately apparent. However, 
small, repeated exposures to such pesticides over 
several days or weeks can over time reduce the 
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cholinesterase level in the exposed person. Such 
repeated exposures can ultimately trigger mild, 
moderate, or severe symptoms of overexposure. 
(Persons who only occasionally are exposed to these 
pesticides through residues in and around structures 
or landscapes or through residues on foods are not 
considered to be at risk.)

In human reactions to cholinesterase inhibition, 
it is not always obvious whether a person is showing 
symptoms from an acute exposure or experiencing 
delayed effects from repeated exposures. For 
example, a pesticide handler exposed to a single, large 
dose of a cholinesterase-inhibiting pesticide may 
immediately suffer acute effects. However, if, over an 
extended period of time, the pesticide handler is 
exposed to several small amounts of such pesticides, 
the handler's cholinesterase levels may be reduced 
slightly at each exposure. Eventually, a small 
additional exposure can cause illness. In this 
example, the illness may arise soon after exposure, 
but only following previous reductions in 
cholinesterase due to earlier exposures.

Cholinesterase Monitoring

Some states require employers to enroll their 
employees who handle such pesticides in a 
cholinesterase-monitoring program. Although Florida 
law does not require employers of pesticide handlers 
to monitor these employee's cholinesterase levels, 
some employers in Florida — including the 
University of Florida — voluntarily enroll their 
employees who handle pesticides in a 
cholinesterase-monitoring program.

Regardless of what the law requires or allows 
from state to state, however, any who handle 
carbamates and organophosphates should consult 
with their physician for regular cholinesterase testing. 
The blood cholinesterase test measures the effect of 
exposure to these pesticides. Cholinesterase levels 
can vary considerably between individuals, so a 
baseline must be established for each person prior to 
handling such pesticides or at least 30 days from the 
most recent exposure to carbamates and 
organophosphates.

Establishing an accurate baseline value often 
requires that two tests be performed at least 72 hours 

apart, but not more than 14 days apart. Handlers of 
carbamates and organophosphates should have their 
cholinesterase levels monitored periodically, so they 
can compare results with the previously established 
baseline level.

A significant reduction in the cholinesterase 
level indicates exposure. When exposure is indicated, 
a physician will normally suggest that the pesticide 
handler be removed from further exposure until the 
body has had time to sufficiently build new 
cholinesterase. The ill effects of carbamates last for a 
relatively short period of time. However, it takes 
much longer for the body to manufacture new 
cholinesterase following exposure to 
organophosphates.

Physicians will establish the frequency of 
testing. Those physicians who specialize in 
occupational and environmental medicine are most 
familiar with this type of testing program.

Minimizing Exposure

Reading and following product-label directions 
is a cornerstone for minimizing exposure to 
carbamates, organophosphates, and all pesticides. 
Product labels will identify whether the pesticide is a 
cholinesterase inhibitor. The statement will normally 
be found in the First Aid section of the label (Figure 
1).

Figure 1. Statement of cholinesterase inhibitor product. 
Credits: CDMS

Exposure can be minimized through special 
caution when handling these concentrates, as well as 
by wearing clean, protective clothing, and showering 
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each day after application of the pesticide. If 
monitoring shows decreased levels of cholinesterase, 
handlers should analyze their practices to determine 
how to reduce future exposure to 
cholinesterase-inhibiting chemicals.
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Table 1. Cholinesterase Inhibiting Pesticides Registered for Use in Florida.

Pesticide Family Active Ingredient* Use
Carbamate Aldicarb, Bendiocarb, Carbaryl, Carbofuran, Formetanate, Methiocarb, Methomyl, Oxamyl, 

Pirimicarb, Propoxur, Thiodicarb
Insecticide

Organophosphate Acephate, Azinphos-methyl, Chlorpyrifos, Coumaphos, Demeton-S-methyl, Diazinon, 
Dichlorvos/DDVP, Dicrotophos, Dimethoate, Disulfoton, Ethion, Fenamiphos, Isofenphos, 
Malathion, Methamidophos, Methidathion,  Naled, Parathion-methyl, Phorate, Phosmet, 
Pirimiphosmethyl, Profenofos, Propetamphos,  Temephos, Terbufos, Tetrachlorvinphos, 
Trichlorfon

Insecticide

Bensulide Herbicide

Tribufos Defoliant
*All active ingredients are not registered for use in Florida.

Table 2. Common Symptoms Associated with Carbamate and Organophosphate Pesticide Poisoning.

Degree of Poisoning Symptoms
 Mild Fatigue, headache, dizziness, blurred vision, excessive sweating/salivation, nausea/vomiting, stomach 

cramps, and diarrhea.

 Moderate Inability to walk, weakness, chest discomfort, constriction of pupils, and mild symptoms that are more 
severe.

 Severe Unconsciousness, severe constriction of pupils, muscle twitching, running nose, drooling, breathing 
difficulty, coma, and death.
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