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ObjectivesObjectives

To appreciate the complexity of monitoring,To appreciate the complexity of monitoring,
managing, preventing acute pesticidemanaging, preventing acute pesticide
exposuresexposures

To briefly focus on specific pesticideTo briefly focus on specific pesticide
classifications of concern for acuteclassifications of concern for acute
exposuresexposures



Poison Control Center StatisticsPoison Control Center Statistics

2.4 million human exposures reported in2.4 million human exposures reported in
20022002
–– 92.3% residential exposures92.3% residential exposures

–– 2.2%2.2% of exposures in a workplace of exposures in a workplace

–– 51.6% of cases involved children < 6 years of51.6% of cases involved children < 6 years of
ageage

–– 96,112 human exposures to pesticides96,112 human exposures to pesticides
~ 4% of total exposures reported to poison centers~ 4% of total exposures reported to poison centers

–– Most frequently implicated pesticidesMost frequently implicated pesticides……



Watson WA et al., (2003):
2002 Report of the AAPCC,
TESS
Am J Emerg Med 21(5)



Pesticides implicated
in fatal cases (2002):
Sulfuryl fluoride
Paraquat
Strychnine
Brodifacoum
Dinitrophenol(?)
OP’s



Strengths, Limitations of Poison CenterStrengths, Limitations of Poison Center
Data:  Acute Pesticide ExposuresData:  Acute Pesticide Exposures

StrengthsStrengths
–– Number of casesNumber of cases
–– Ease of accessEase of access

24 hour/day service24 hour/day service
Toll-free access in U.S.Toll-free access in U.S.

–– Consistency of reportingConsistency of reporting
mechanismmechanism

–– Current initiatives inCurrent initiatives in
toxicosurveillancetoxicosurveillance

Electronic reporting of acuteElectronic reporting of acute
pesticide exposures frompesticide exposures from
PCCPCC’’ss to State Health Depts. to State Health Depts.
Real-time data uploading andReal-time data uploading and
analysis by CDCanalysis by CDC

–– Temporal, spatial trendsTemporal, spatial trends

LimitationsLimitations
–– May not be capturingMay not be capturing

occupational exposuresoccupational exposures
High-risk populationHigh-risk population

–– Limited specificity ofLimited specificity of
reportingreporting

Identity of activeIdentity of active
ingredientingredient
EPA Reg. #EPA Reg. #
Details on circumstancesDetails on circumstances
surrounding exposuresurrounding exposure

–– Important forImportant for
unintentional exposuresunintentional exposures



BZ Horowitz, S Griffin, CL Thomsen 
(2002):  Pesticide-Related Illnesses:
Are Poison Centers Reporting to the
State Health Department?
Vet Hum Toxicol; 44(1):49-51.

Over 5-year period,Over 5-year period,
Oregon Poison CenterOregon Poison Center
receives ~1,000receives ~1,000
calls/year for acutecalls/year for acute
pesticide exposurespesticide exposures
Insecticides mostInsecticides most
frequently implicatedfrequently implicated
–– OPOP’’s, OP/s, OP/carbamatescarbamates,,

pyrethrinpyrethrin, , pyrethroidspyrethroids

% of OPC cases% of OPC cases
reported to Statereported to State
Health DepartmentHealth Department…….?.?



Pesticides of Relevance to AcutePesticides of Relevance to Acute
Toxicity:  FumigantsToxicity:  Fumigants

Active ingredient exists as a gasActive ingredient exists as a gas
–– Relevant to inhalation pathways of exposureRelevant to inhalation pathways of exposure

Diverse chemical structuresDiverse chemical structures
Utilized to control pests in enclosed spaces, soil,Utilized to control pests in enclosed spaces, soil,
and structuresand structures
Many are restricted useMany are restricted use
Modern epidemiological data suggest fewerModern epidemiological data suggest fewer
exposure cases than other pesticide classesexposure cases than other pesticide classes
Higher case-severity and case-fatality rate thanHigher case-severity and case-fatality rate than
fungicidesfungicides
–– Many exposures are accidentalMany exposures are accidental

Applicators, workers, non-occupational (residential)Applicators, workers, non-occupational (residential)

Scenarios of concern:  Inadequate ventilation of aScenarios of concern:  Inadequate ventilation of a
treated structure, unanticipated cross-ventilationtreated structure, unanticipated cross-ventilation
from a treated structurefrom a treated structure
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Fumigants:  Toxicology of AcuteFumigants:  Toxicology of Acute
Overexposure (Methyl Bromide)Overexposure (Methyl Bromide)

Highly lipid solubleHighly lipid soluble
–– Well-absorbed via inhalation pathwaysWell-absorbed via inhalation pathways

Wide volume of distributionWide volume of distribution
–– CNS, liver, kidneys are target organsCNS, liver, kidneys are target organs

Me-Br is strong Me-Br is strong alkylating alkylating agentagent
–– Cell membrane disruptionCell membrane disruption

–– Inhibition of critical enzyme functionInhibition of critical enzyme function

Metabolism of Metabolism of MeBr MeBr occurs rapidlyoccurs rapidly

Parent compound (Parent compound (MeBrMeBr) not usually) not usually
detectable in tissuesdetectable in tissues

Management of overexposure isManagement of overexposure is
supportivesupportive
–– No antidotes are availableNo antidotes are available CH3Br



Fumigants:  Toxicology of AcuteFumigants:  Toxicology of Acute
Overexposure (Overexposure (PhosphidesPhosphides))

Decomposition products of Decomposition products of phosphide phosphide fumigants includefumigants include
phosphine phosphine gas, phosphoric acidgas, phosphoric acid

Phosphine Phosphine inhibits electron transport chaininhibits electron transport chain
–– Mechanism similar to cyanideMechanism similar to cyanide

Unlike cyanide, there are no specific antidotes for Unlike cyanide, there are no specific antidotes for phosphine phosphine gasgas

Reliable biomarkers of exposure are not readily availableReliable biomarkers of exposure are not readily available

Acute inhalation overexposureAcute inhalation overexposure
–– Pulmonary injury, Pulmonary injury, cardiogenic cardiogenic shock, neurological depressionshock, neurological depression

Al P PH3

water, acid

aluminum phosphide phosphine

PH3



NIOSH Alert:  Preventing NIOSH Alert:  Preventing PhosphinePhosphine
Poisoning and ExplosionsPoisoning and Explosions

http://www.cdc.gov/niosh/99-126.htmlhttp://www.cdc.gov/niosh/99-126.html
A review of 205 occupational exposure casesA review of 205 occupational exposure cases
Common accidental exposure scenariosCommon accidental exposure scenarios
–– Lack of proper handling during fumigant applicationLack of proper handling during fumigant application
–– Failure to monitor air concentrations during applicationFailure to monitor air concentrations during application
–– Failure to use appropriate respiratory equipmentFailure to use appropriate respiratory equipment
–– Improper disposal of unused fumigant productsImproper disposal of unused fumigant products
–– Incidental exposure from nearby fumigant applicationIncidental exposure from nearby fumigant application

Majority of exposures associated with agricultural applicationsMajority of exposures associated with agricultural applications
Most symptomatic exposures occurred among non-applicatorsMost symptomatic exposures occurred among non-applicators
–– Workers in proximity to or entering recently treated areasWorkers in proximity to or entering recently treated areas

70%

25% Agricultural

Rodenticide

Other
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75%
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Non-
applicators



Fumigants and Acute ToxicityFumigants and Acute Toxicity

Inhalation pathways of exposureInhalation pathways of exposure

Broad, non-selective mechanisms of toxicityBroad, non-selective mechanisms of toxicity

Relevance of major morbidity, mortality fromRelevance of major morbidity, mortality from
accidental exposuresaccidental exposures
–– Applicators and non-applicators (bystanders)Applicators and non-applicators (bystanders)

In most cases, biomarkers are of limited or no utilityIn most cases, biomarkers are of limited or no utility

Specific therapies after overexposure are not availableSpecific therapies after overexposure are not available

Need for vigilance in preventionNeed for vigilance in prevention
–– Education, training, engineering controls, and appropriateEducation, training, engineering controls, and appropriate

use of PPEuse of PPE



Insecticides and Acute ToxicityInsecticides and Acute Toxicity

Insecticides with a commonInsecticides with a common
mechanism of toxicitymechanism of toxicity
–– Inhibitors of Inhibitors of acetylcholinesteraseacetylcholinesterase

Vary in chemical properties, dermalVary in chemical properties, dermal
absorption, potencyabsorption, potency

–– Acute overexposure results inAcute overexposure results in
cholinergic signs, symptomscholinergic signs, symptoms

Excess acetylcholine at Excess acetylcholine at muscarinicmuscarinic,,  nicotinicnicotinic
receptorsreceptors

–– Muscarinic Muscarinic SLUDGE SLUDGE toxidrometoxidrome::  SSalivation,alivation,
LLacrimationacrimation, , UUrinary incontinence, rinary incontinence, DDiarrhea,iarrhea,
GGII symptoms,  symptoms, EEyes (yes (miosismiosis))

–– NicotinicNicotinic signs signs

FasiculationsFasiculations, weakness, acute, weakness, acute
paralysis (in worst-case scenario)paralysis (in worst-case scenario)

SPOOONClClCl
Chlorpyrifos

OOHN

Organophosphate

Carbaryl

N-methyl carbamate



Cholinesterase Inhibitors and AcuteCholinesterase Inhibitors and Acute
Toxicity:  Measuring ExposureToxicity:  Measuring Exposure

Blood (serum and RBC) monitoringBlood (serum and RBC) monitoring
–– Cholinesterase enzyme activity as a biomarker of effect for OPCholinesterase enzyme activity as a biomarker of effect for OP’’s, s, carbamatescarbamates

Difficulties, and challenges in cholinesterase monitoring as biomarkerDifficulties, and challenges in cholinesterase monitoring as biomarker
–– Reliability (inter-laboratory)Reliability (inter-laboratory)
–– Variation in normal reference rangesVariation in normal reference ranges
–– Rapid recovery in cholinesterase activity after overexposure to N-methylRapid recovery in cholinesterase activity after overexposure to N-methyl

carbamatescarbamates

Importance of Importance of education,education, engineering controls, appropriate use of engineering controls, appropriate use of
required PPE to reduce unnecessary exposurerequired PPE to reduce unnecessary exposure



Other Insecticides:Other Insecticides:
Pyrethroids Pyrethroids and Acute Toxicityand Acute Toxicity

Commonly utilized in agriculture, residential settings, public health (vectorCommonly utilized in agriculture, residential settings, public health (vector
control)control)
Mechanism of toxicityMechanism of toxicity
–– Prolong deactivation of sodium channels, excitation of nerve fibersProlong deactivation of sodium channels, excitation of nerve fibers

Systemic intoxication is rareSystemic intoxication is rare
Local effects from dermal overexposure to concentrated formulationsLocal effects from dermal overexposure to concentrated formulations
–– Transient Transient paresthesias paresthesias (12-24 hours)(12-24 hours)
–– Usually occur in absence of any signs of skin injuryUsually occur in absence of any signs of skin injury

Irritant effects (eye, throat, respiratory irritation) from inhalationIrritant effects (eye, throat, respiratory irritation) from inhalation
overexposureoverexposureClClOOO

OOONClCl

Permethrin Cypermethrin



Insecticides and Acute Toxicity:Insecticides and Acute Toxicity:
MisapplicationMisapplication

Content of 19 Content of 19 ““bug-bombsbug-bombs”” released within a 470 sq. released within a 470 sq.
foot residencefoot residence
–– Product label indicated use application for 700 square feetProduct label indicated use application for 700 square feet

–– Pilot light ignited the gas that had accumulated, resulting inPilot light ignited the gas that had accumulated, resulting in
explosionexplosion

 The Label is the Law The Label is the Law



Newer InsecticidesNewer Insecticides

ImidaclopridImidacloprid
–– Neonicotinoid Neonicotinoid family of insecticidesfamily of insecticides

–– Selective for the nicotinic acetylcholineSelective for the nicotinic acetylcholine
receptor of the insectreceptor of the insect

Targets the insect nervous systemTargets the insect nervous system

–– Poor penetration across blood-brainPoor penetration across blood-brain
barrier in mammalsbarrier in mammals

–– Registered applications in agriculture,Registered applications in agriculture,
structural pest control, pet care (topicalstructural pest control, pet care (topical
solution)solution)

–– Experience with human overexposure isExperience with human overexposure is
very limitedvery limited

NCl

N

N
N

+

O

O

N

imidacloprid



Newer InsecticidesNewer Insecticides

A case of intentional (ingestion) poisoningA case of intentional (ingestion) poisoning
(Wu, 2001)(Wu, 2001)

Farmer ingested 100 Farmer ingested 100 mL mL of insecticideof insecticide
formulationformulation
–– 9.7% 9.7% imidaclopridimidacloprid

–– <2 % surfactant<2 % surfactant

–– Remainder:  N-methyl Remainder:  N-methyl pyrrolidonepyrrolidone

Clinical course:  initial drowsiness, dizziness,Clinical course:  initial drowsiness, dizziness,
abdominal pain, vomitingabdominal pain, vomiting

GI GI endoscopy endoscopy revealed corrosive injuryrevealed corrosive injury
–– Mainly upper GI tractMainly upper GI tract

Individual recovered, discharged at 4 daysIndividual recovered, discharged at 4 days
post-ingestionpost-ingestion
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A Case of Intentional InsecticideA Case of Intentional Insecticide
Poisoning (Continued)Poisoning (Continued)

Were most significant effects (GI tractWere most significant effects (GI tract
injury) caused by injury) caused by imidacloprid imidacloprid or N-or N-
methylpyrolidonemethylpyrolidone??
–– Authors suggest N-Authors suggest N-methylpyrolidone methylpyrolidone asas

more likely explanatory factormore likely explanatory factor
 dermal, ocular effects from occupational dermal, ocular effects from occupational
exposures in humansexposures in humans

Low potency of Low potency of imidacloprid imidacloprid as skin, eye irritantas skin, eye irritant
in animal studiesin animal studies

Health care providers need to considerHealth care providers need to consider
the entire formulation when assessingthe entire formulation when assessing
risks after acute overexposurerisks after acute overexposure
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Pesticides and Acute Toxicity:Pesticides and Acute Toxicity:
Medical Case Profiles at NPICMedical Case Profiles at NPIC

Intended to educate healthIntended to educate health
care providerscare providers
–– Importance of exposure historyImportance of exposure history
–– Understanding preventionUnderstanding prevention

Engineering controls, PPE,Engineering controls, PPE,
decontaminationdecontamination

–– Clinical assessmentClinical assessment
Biomarkers of exposureBiomarkers of exposure

–– Role of public health surveillance,Role of public health surveillance,
other State Agenciesother State Agencies

Examples:Examples:
–– Pyrethroids Pyrethroids and and paresthesiasparesthesias
–– Inhalation risks of Inhalation risks of phosphidephosphide

fumigantsfumigants
–– Pesticide incident reportingPesticide incident reporting
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