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MEDICAL CASE PROFILE

Biomarkers of Exposure:  Organophosphates

Scenario: 
A healthy adult female visits her physician for an annual examination.  She has heard reports on television about re-
cent studies that have measured pesticide residues in urine samples taken from the United States population.  She 
would like to know more about testing for exposure to organophosphates, as she has used insecticides containing 
these active ingredients in the past at her residence.  She is seeking information from the physician about testing 
for exposure to this group of insecticides, and how to interpret the results.

Biomarkers of exposure are important in toxicology, because they are an indicator of internal dose, or the amount 
of chemical exposure that has resulted in absorption into the body.  Significant advances have been made in the 
development of analytical methods which can detect and/or quantify the presence of many natural or synthetic 
toxins or their breakdown products (metabolites) in a biological matrix (such as blood or urine).  The ability to ac-
curately measure biomarkers of exposure depends upon an adequate understanding of the chemistry and toxicol-
ogy of the substance under consideration.  

Organophosphate insecticides share a common mechanism of toxicity, through inhibitory effects on cholinester-
ase enzymes in the nervous system.1 In addition, all organophosphates share some common chemical properties.  
Organophosphates contain a central phosphorus atom with a double bond to either sulfur or oxygen, R1 and R2 
groups that are either ethyl or methyl in structure, and a leaving group which is specific to the individual organo-
phosphate.  The general structure of organophosphates, and a specific example (chlorpyrifos) appear below:
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Medical Cases and Topics for Health Care Providers are based upon inquiries re-
ceived by NPIC, as well as relevant publications in the scientific literature. They are 
intended to educate health care providers about pesticide toxicology.
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Organophosphates undergo chemical changes in the environment as well as in the human body.  It is necessary 
to understand these changes in order to measure and interpret biomarkers of exposure to organophosphates.  
One chemical reaction that occurs in humans is a transformation at the double bond of the central phosphorus 
atom from sulfur to oxygen.  This metabolic reaction takes place in the liver and results in activation of the organo-
phosphate to a more potent inhibitor of cholinesterase enzymes.  The metabolic activation from chlorpyrifos to 
chlorpyrifos-oxon appears below:

Another important metabolic reaction that occurs in the human body is hydrolysis of the organophosphate, yield-
ing a dialkylphosphate and the leaving group.  This reaction results in a decrease in toxicity, as the leaving group 
and dialkylphosphate metabolites do not inhibit cholinesterase enzymes.  This metabolic detoxification reaction is 
shown for chlorpyrifos and chlorpyrifos-oxon below:

N

Cl

Cl Cl

OP

O

S
O

CH2

CH3

C
H2

CH3

N

Cl

Cl Cl

OP

O

O
O

CH2

CH3

C
H2

CH3

chlorpyrifos

hepatic
metabolism

chlorpyrifos-oxon

 

N

Cl

Cl Cl

OP

O

S
O

CH2

CH3

C
H2

CH3 OHP

O

S
O

CH2

CH3

C
H2

CH3 N

Cl

Cl Cl

OH

N

Cl

Cl Cl

OP

O

O
O

CH2

CH3

C
H2

CH3 OHP

O

O
O

CH2

CH3

C
H2

CH3 N

Cl

Cl Cl

OH

chlorpyrifos

hydrolysis
+

diethylthiophosphate 3,5,6-trichloro-2-pyridinol
(TCP)

hydrolysis

diethylphosphate 
(DEP)

+

3,5,6-trichloro-2-pyridinol
(TCP)chlorpyrifos-oxon

paraoxonase
(PON1)

paraoxonase
(PON1)



3

MEDICAL CASE PROFILE

NPIC is a cooperative agreement between Oregon State University and the U.S. Environmental Protection 
Agency (U.S. EPA, cooperative agreement #X8-83458501). Data in NPIC documents are from selected 
authoritative and peer-reviewed literature. The information in this publication does not in any way replace or 
supersede the restrictions, precautions, directions, or other information on the pesticide label or any other 
regulatory requirements, nor does it necessarily reflect the position of the U.S. EPA.

These products of hydrolysis can be measured as biomarkers of exposure to organophosphates, as the metabolites 
are subsequently eliminated from the body in the urine.  Because the chemical structure of the leaving group is 
specific to the organophosphate, the detection and quantification of the leaving group is a relatively specific bio-
marker of exposure to the parent compound.  For example, the leaving group 3,5,6-tricholoro-2-pyridinol (TCP) can 
be measured in the urine as a relatively specific biomarker of exposure to chlorpyrifos.  

An additional factor that may affect the interpretation of leaving groups as biomarkers of exposure is the obser-
vation that certain organophosphates may undergo hydrolysis reactions in the environment.  Chlorpyrifos, for 
example, undergoes hydrolysis in the environment to yield the leaving group 3,5,6-tricholoro-2-pyridinol (TCP) as 
the major degradation product.2  For this reason, in addition to reflecting exposure to the parent compound (chlor-
pyrifos), the level of leaving group metabolites in the urine may also be an indicator of exposure to TCP itself, if it 
were present in an individual’s environment.  This poses a challenge in interpreting the human health significance 
of metabolite levels, as TCP does not inhibit cholinesterase enzymes.3

The interpretation of urinary dialkylphosphates is also complicated because the hydrolysis of a specific organo-
phosphate may yield more than one class of dialkylphosphates.4  This is apparent in the case of chlorpyrifos, where 
the products of hydrolysis can include both diethylphosphate (DEP) as well as diethylthiophosphate, depending 
upon whether the chlorpyrifos has undergone metabolic activation to chlorpyrifos-oxon in the body.  For this rea-
son it is not possible to determine which specific organophosphate an individual was exposed to based upon the 
detection or quantification of dialkylphosphate metabolites in the urine.  

Recent studies have quantified biomarkers of exposure to organophosphates in large samples of the United States 
population,5 using urinary dialkylphosphate and other metabolites. While this research presents important infor-
mation about exposure to organophosphate insecticides and their metabolites in the population, generally recog-
nized guidelines for the interpretation of these biomarkers of exposure have not been established.4  The detection 
of urinary alkylphosphates in the urine does not necessarily indicate that they are the cause of an adverse health 
effect.  The relationship between urinary dialkylphosphates and acetylcholinesterase enzyme activity has not been 
studied in the general population.  More research is needed to determine the relationship between these biomark-
ers of exposure and health effects, as well as the relative role of dietary, residential, and occupational pathways of 
exposure.  

While the development and interpretation of biomarkers of exposure to organophosphate insecticides is an im-
portant area of research, other biomarker methods are available to physicians in the clinical assessment of acute 
exposure.  The activity of cholinesterase enzymes in the blood can be measured as a biomarker of effect for or-
ganophosphates. An individual with acute symptomatic overexposure to organophosphates will usually have an 

http://www.epa.gov/oppsrrd1/reregistration/REDs/chlorpyrifos_ired.pdf
http://www.epa.gov/oppsrrd1/reregistration/REDs/chlorpyrifos_ired.pdf
http://www.cdc.gov/exposurereport/pdf/FourthReport.pdf
http://www.cdc.gov/exposurereport/pdf/FourthReport.pdf
http://www.cdc.gov/exposurereport/pdf/FourthReport.pdf
http://www.cdc.gov/exposurereport/pdf/FourthReport.pdf
http://www.cdc.gov/exposurereport/pdf/FourthReport.pdf
http://www.npic.orst.edu/RMPP/rmpp_ch4.pdf
http://www.npic.orst.edu/RMPP/rmpp_ch4.pdf
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abnormally low level of activity of cholinesterase enzymes measured in the serum (as butyrylcholinesterase, also 
known as pseudocholinesterase) or in red blood cells (as RBC cholinesterase, which is more closely correlated with 
acetycholinesterase activity in the nervous system).  Blood cholinesterase measurements have limitations in that 
the time course for enzyme inhibition and recovery can vary with exposure to different organophosphates.  Cho-
linesterase activity can also be affected by inter- and intra-individual variability.  However, in combination with a 
careful exposure history,6 their measurement may provide important additional information to the health care 
provider evaluating an individual with acute overexposure to organophosphate insecticides. In an asymptomatic, 
healthy individual without a history of recent overexposure to organophosphate insecticides (as in the current 
case scenario), cholinesterase testing is not likely to be of clinical value.  Guidelines have been developed for physi-
cians involved in the surveillance of workers with potential exposure to organophosphates, using serial monitoring 
of cholinesterase enzyme activity in the blood.  

Current research is also investigating the potential that individuals with variable activity of certain enzymes im-
portant to the metabolism of organophosphates may be more or less susceptible to their effects.  One important 
enzyme that is under investigation as a biomarker of susceptibility is paraoxonase (or PON1), which is responsible 
for the hydrolysis and deactivation of organophosphates.7  As polymorphisms in the PON1 gene exist in humans, 
and such polymorphisms may affect the efficiency with which an individual will metabolize organophosphates, 
biomarkers of genetic susceptibility may prove to be important in assessing an individual’s risk of adverse effects 
from excessive exposure.  At this time, however, such biomarkers of susceptibility have not been adequately stud-
ied and validated to incorporate into clinical practice.
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