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Mental Health Effects from Pesticide Exposure 
 

Exposure to pesticides can have behavioral and psychiatric consequences.  The purpose of this resource 
is to help mental health clinicians and health care providers become aware of the association between 
pesticide exposure and these consequences and to provide links to relevant research findings. 

 
Many people are at risk of pesticide exposure, including those who:  

• work in agriculture, landscaping or other settings (such as grocery stores, schools, daycares and 
office buildings) in which pest problems are treated with chemicals;  

• live downwind from where aerial spraying of pesticides is done; 
• live in communities where spray and runoff can contaminate both surface and ground water; or 
• live in urban dwellings where pest control is used. 

 
Outside use may take months for the pesticide to degrade to half-life or roughly half potency. Indoors 
there are no degrading elements such as sunshine, soil or rain to degrade potency; these undegraded 
pesticides can be re-suspended into the air in dust particles. 

  
Health care providers should consider the possibility that the symptoms associated with mental health 
disorders, such as irritability, depression or anxiety, may be the result of acute or chronic pesticide 
exposure. No matter what the presenting ailment may be, clinicians who care for individuals either at 
risk of pesticide exposure or those with known exposure are encouraged to inquire about the presence 
of depression, anxiety, or any of the other symptoms listed below.  

 
Mental Health Symptoms of Organophosphate Exposure 
 

The following list of symptoms is based on clinical studies of humans treated with substances that 
mimic organophosphate (OP) pesticides (e.g., dursban, diazinon, parathion, malathion). These were 
used either to treat medical conditions or experimentally to understand neurochemical pathways in the 
brain.  

 
• Fatigue, with or without decreased 

activity level, which may present as 
chronic fatigue syndrome 

• Irritability 
• Impaired concentration 
• Confusion 
• Headaches and dizziness 
• Loss of memory 
• Anxiety 
• Feelings of hostility 
• Excessive sweating or salivation 
• Poor or decreased appetite   

• Sleep disturbances (increased REM 
sleep)  

• Increased inhibitory responses upon 
exposure to stressors which are reversed 
by administration of an antidepressant 
drug   

• Weakness in the arms, legs and hands 
with loss of coordination  

• Epileptiform seizures with high-level 
exposure 

• Altered response to alcohol with a lower 
tolerance to its effects

 



Human Studies: Biochemical Evidence  
 

Evidence of neuropsychiatric changes in those exposed to anticholinesterase agents comes from the 
early use of these OPs as drugs, in laboratory studies on people, and in animal models. Although no 
longer medically prescribed, diisopropyl fluorophosphate (DFP) and tetraethyl pyrophosphate (TEPP) 
were used successfully for many years to treat glaucoma, abdominal distention, urinary retention, and 
myasthenia gravis.1-3 DFP and TEPP were the earliest OPs found to have insecticidal properties.   
 
Chlorpyrifos and diazinon have been shown to significantly reduce birth weight in urban minority 
cohorts4,5 and to shorten gestation and produce abnormal neonatal reflexes in an agricultural cohort.6  
Pesticides may act directly to cause learning disabilities and behavioral problems. Long-term cognitive 
impairment has been observed in children exposed prenatally to organophosphates.7,8  Environmental 
exposures coupled with high maternal stress may permanently alter the developing hypothalamic-
pituitary-adrenal (HPA) axis during pregnancy and contribute to co-morbid psychiatric and medical 
disorders due to excessive hypothalamic (corticotropin-releasing hormone [CRH]) release.9-11 
 
Patients with a family history of depression or anxiety are more sensitive to the negative effects of 
acetylcholine drugs than are those without such a family history.12,13  Therefore, those with a family 
history of mood disorders may be at an increased risk of chronic health effects resulting from such 
exposure.   
 
Research indicates: 

 
• Depressive symptoms can be caused by the depletion of the monoamines norepinephrine and 

serotonin; 12,13 the symptoms can be reversed by monoamine oxidase inhibitors (MAOs) and 
tricyclic antidepressants. These drugs increase monoamine receptor sensitivity.14  

 
• The most studied OP anticholinesterases, DFP and physostigmine, induce depression or reduce 

mania in humans.15 
 
• Anticholinesterase compounds have been shown to effect many neurotransmitter systems 

involved in mood, emotion, and behavior including the noradrenergic, cholinergic, serotonergic, 
and dopaminergic pathways.16,17 

 
• Dursban appears to affect serotonin levels at doses lower than those that perturb the cholinergic 

system.18 
 

• More recent research suggests that epinephrine acting at alpha-1 adrenoceptors may also play a 
role, due to its stress-mediating effects,17 and is consistent with a previous finding that 
epinephrine effects are reduced in response to physostigmine in depressed patients.19  

 
• The loss of positive, motivated behavior is thought to be due to a reduction of central 

dopaminergic neurotransmission in basal ganglia.17 Decreased levels of dopaminergic metabolites 
are found in the cerebral spinal fluid of depressed individuals.17   

 
• Although not as potent as OPs at inhibiting cholinesterase, carbamates (e.g., ficam, sevin, 

carbaryl, and aldicarb) can lead to mood dysregulation as well.  Carbamates can cause memory 
loss and behavioral problems and are associated with sudden unprovoked extreme agitation, 
anger, rage, and violence. 20  

 
Evidence from Animal Studies 
 

Animal studies also support the evidence that anticholinesterase agents can induce mood disorders: 
 



• Rats that have been selectively bred to be sensitive to organophosphate compounds (i.e. DFP) 
demonstrate that a hyper-responsive cholinergic system may increase the probability of 
symptoms of organophosphate exposure. 21-24  

 
• The rats have an increased number of muscarinic and nicotinic acetylcholine receptors in certain 

brain regions.25,26     
 

• Emerging evidence from animal models supports the view that multiple chemical sensitivity 
syndrome in humans is associated with low-dose, long-term OP exposure.27 

 
• Chronic exposure to low levels of OP may lead to tolerance to the effects of the chemical; 

consequently a higher exposure may be missed because of a lack of symptoms from the 
exposure.28-30 

 
• Primates and rats show detrimental effects on learning and memory with low-dose, chronic 

exposure to OPs.31 
 
Summary 
 

A growing body of research supports the association between pesticide exposure and adverse human 
health effects including depression, ADHD, anxiety, confusion, memory loss, lethargy, pervasive 
developmental disorders, unprovoked extreme agitation, anger, rage, and violence.32,33   Epidemiological 
evidence suggests that mood changes after acute exposures can continue for many years34,35 and that 
repeated high exposures greatly increase the risk of mood disorders.36 Given that symptoms may not 
occur until after a period of repeated exposures, health care providers should consider both acute and 
chronic exposures when evaluating patients.  

 
References: 
 

1.  Grob D, Lilienthal JL, Jr., Harvey AM, et al. 1947. The administration of di-isopropyl fluorophosphate (DFP) 
to man. I-IV. Effect on cholinesterase; systemic effects; effect on intestinal motility, central nervous system, and 
myasthenia gravis.  Bulletin of John Hopkins Hospital. 81:217-292. 
 
2. Grob D, Harvey, AM. 1949. Observations on the effects of tetraethylpyrophosphate (TEPP) in man and on its 
use in the treatment of myasthenia gravis. Bulletin of John Hopkins Hospital. 84:543-567. 
 
3.  Grob D. 1950. Uses and hazards of the organic phosphate anaticholinesterase compounds. Annals of Internal 
Medicine. 32:1229-1234. 
 
4. Whyatt RM, Raugh V, Barr DB, Camann DE, Andrews HF, Garfinkel R, Hoepner LA, Diaz D, Dietrich J, 
Reyes A, Tang D, Kinney PL, Perera FP. 2004. Prenatal insecticide exposures and birth weight and length among 
an urban minority cohort. Environmental Health Perspectives. 12:1125-1132. 
 
5. Whyatt RM, Camann D, Perera FP, Rauh VA, Tang D, Kinney PL, Garfinkel R, Andrews H, Hoepner L, Barr 
DB. 2005. Biomarkers in assessing residential insecticide exposures during pregnancy and effects on fetal growth. 
Toxicology and Applied Pharmacology. 206:246-254. 
 
6. Eskenazi B, Harley K, Bradman A, Weltzien E, Jewell NP, Barr DB, Furlong CE, Holland NT. 2004. 
Associaiton of in Utero organophosphate pesticide expsoure and fetal growth and length of gestation in an 
agricultural population. Environmental Health Perspectives. 112:1116-1124. 
 
7. Rauh VA, Garfinkel R, Perera FP, Andrews HF, Hoepner L, Barr DB et al., 2006. Impact of prenatal 
chlorpyrifos exposure on neurodevelopment in the first 3 years of life among inner-city children. 
Pediatrics.118:1845-1859. 
 



8. Rohlman DS, Arcury TA, Quandt SA, Lasarev M, Rothlein J, Travers R, et al., 2005. Neurobehavioral 
performance in preschool children from agricultural and non-agricultural communities in Oregon and North 
Carolina. Neurotoxicology 26:589-598. 
 
9. Wadhwa PD. 2005. Psychoneuroendocrine processes in human pregnancy influence fetal development and 
health. Psychoneuroendocrinology. 30:724-743. 
 
10. Arborelius L, Owens MJ, Plotsky PM, Nemeroff CB. 1999. The role of corticotrophin-releasing factor in 
depression and anxiety disorders. J Endocrinology. 160:1-12. 
 
11. McEwen BS. 2007. Physiology and neurobiology of stress and adaptation: Central role of the brain. 
Physiological Review. 87:873-904. 
 
12. Janowsky DS, Risch SC, Parker D, et al. 1980. Increased vulnerability to cholinergic stimulation in affect 
disorder patients. Psychopharmacological Bulletin. 16:29-31. 
 
13. Janowsky DS, Risch SC, Judd LL, et al. 1981. Cholinergic supersensitivity in affect disorder patients: 
behavioral and neuroendocrine observations. Psychopharmacological Bulletin. 17:129-132.  
 
14. Bunney WE, Davis J. 1965. Norepinephrine in depressive reactions: a review. Archives of General Psychiatry. 
13:483-494. 
 
15. Schildkraut JJ. 1965. The catecholamine hypothesis of affective disorders:  a review of supporting evidence. 
American Journal of Psychiatry. 122:509-522. 
 
16. Charney DS, Menkes DB, Heninger GR. 1981. Receptor sensitivity and the mechanism of action of 
antidepressant treatment. Archives of General Psychiatry. 38:1160-1173. 
 
17. Janowsky DS, El-Yousef MK, Davis JM. 1973. Antagonistic effects of physostigmine and methylphenidate in 
man. American Journal of Psychiatry 130:1370-1376. 
 
18. Charles HC, Lazeyras F, Krishnan KRR, et al. 1993. Brain choline in depression: in vivo detection of potential 
pharmacodynamic effects of antidepressant therapy using hydrogen localized spectroscopy. Progress in neuro-
psychopharmacology & biological psychiatry. 18:1121-1127. 
 
19. Steingard RJ, Yurgelum-Todd DA, Hennen J, et al. 2000. Increased orbitofrontal cortex levels of choline in 
depressed adolescents as detected by in vivo proton magnetic resonance spectroscopy. Biological Psychiatry. 
48:1053-1061. 
 
20. Renner, R. 2004. A new mechanism for chlorpyrifos?  Implicating serotonin. Environmental Health 
Perspectives, 112, 148-155. 
 
21. Janowsky DS, Risch SC, Ziegler MG, et al. 1986. Physostigmine-induced epinephrine release in patients with 
affective disorder. American Journal of Psychiatry. 143:919-921. 
 
22. Rapp, D.J. 2004. Our Toxic World: A Wake Up Call. Buffalo, NY: Environmental Medical Research 
Foundation (p. 19). 
 
23. Overstreet DH, Russell RW, Helps SC et al. 1979. Selective breeding for sensitivity to the anticholinesterase, 
DFP. Psychopharmacology 65:15-20. 
 

24.  Russell RW, Overstreet DH, Messenger M. 1982. Selective breeding for sensitivity to DFP: generalization of 
effects beyond criterion variables. Pharmacology, Biochemistry, and Behavior. 17:885-891. 
 



25. Overstreet DH, Pucilowski P, Rezvani AH et al. 1995. Administration of anti-depressants, diazepam, and 
psychomotor stimulants further confirms the utility of Flinders Sensitive Line rats as an animal model of depression.  
Psychopharmacology. 121:27-37. 
 
26.  Overstreet DH. 1993. The Flinders Sensitive Line rats: a genetic animal model of depression.  Neuroscience and 
Biobehavioral Reviews. 17:51-68. 
 
27. Overstreet DH, Russell RW, Crocker AD et al. 1984. Selective breeding for differences in cholinergic function: 
pre- and post-synaptic mechanisms involved in sensitivity to the anticholinesterase, DFP.  Brain Research 294:327-
332. 
 
28. Tizabi Y, Overstreet DH, Rezvani AH et al. 1999.  Antidepressant effects of nicotine in an animal model of 
depression.  Psychopharmacology 142:193-199. 
 
29.  Bell IR, Miller CS, Schwartz GE. 1992. An olfactory-limbic model of multiple chemical sensitivity syndrome: 
possible relationships to kindling and affective spectrum disorders. Biological Psychiatry 32:218-242. 
 
30. Overstreet DH, Miller CS, Janowsky DS, et al. 1996. Potential animal model of multiple chemical sensitivity 
with cholinergic supersensitivity. Toxicology. 111:119-134. 
 
31. Overstreet DH, Russell RW, Vasquez BJ, et al. 1974. Involvement of muscarinic and nicotinic receptors in 
behavioral tolerance to DFP. Pharmacology and Biochemistry of Behavior. 2:45-54. 
 
32.  Rauh, V.A., Garfinkel, R., Perera, F.P. et al. 2009.Impact of prenatal chlorpyrifos exposure on 
neurodevelopment in the first 3 years of life among inner=city children. Pediatrics. Online version available at 
http://www.pediatrics.org/cgi/content/full/118/6/e1845. 
 
33. Eskenazi, B., Rosas, L.G., Marks, A.R., et al.  2007. Pesticide toxicity and the developing brain. Basic & 
Clinical Phamacology & Toxicology, 102, 228-236. 
 
34. Savage EP, Keefe TJ, Mounce LM, Heaton RK, Lewis JA, Burcar PJ. 1988. Chronic neurological sequelae of 
acute organophosphate pesticide poisoning. Archives of Environmental Health. 43:38-45. 
 
35. Steenland K, Jenkins B, Ames RG, O'Malley M, Chrislip D. Russo J. 1994. Chronic neurological sequelae to 
organophosphate pesticide poisoning.  American Journal of Public Health 84:731-736. 
 
36. Reidy TJ, Bowler RM, Rauch SS, et al. 1992. Pesticide exposure and neuropsychological impairment in migrant 
farm workers. Archives of Clinical Neuropsychology 7:85-95. 
 
 


