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In the crop protection business: 

Regulatory Toxicology ⇔ Risk Assessment

Are there risks associated with recommended uses?

Are these risks acceptable?

Risk Assessment Framework:   RISK = TOXICITY X EXPOSURE

 Hazard identification

 Dose-response assessment

 Exposure assessment

 Risk characterization



Hazard Identification – Data Requirements
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 Characterization of adverse toxic effects

 US EPA Data Requirements for Pesticides 

Code of Federal Regulations (CFR), Title 40, Part 158

Identified hazards 

not a cut-off

Used for risk 

determination 

together with 

exposure



Hazard Identification – Bridging or Waiving
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 US EPA guidance - Acute toxicity studies 

 e.g. granular pesticide products composed of > 90% inert carriers

 e.g. not possible to generate respirable atmosphere

 e.g. end-use products of similar composition



Hazard Identification – Bridging or Waiving (cont.)
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 US EPA guidance – Other studies

 Neurotoxicity battery

 Subchronic inhalation 

 Subchronic dermal 

 Immunotoxicity

 e.g. no evidence of neurotoxicity or immunotoxicity in the database 

of toxicology studies

 e.g. weight-of-evidence (WOE) approach considering hazard and 

exposure: physical-chemical properties, overall toxiciyt profile, 

exposure scenarios, margins of exposure



Dose-Response Assessment
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Increasing Dose 

 The ultimate goal for 

toxicology studies is 

to identify a dose 

that will not cause 

any adverse effects  

 No Observed 

Adverse Effect 

Level (NOAEL)

 LOAEL = Lowest 

Observed Adverse 

Effect Level

No 

effects

Increasing effects 

with increasing 

dose

Maximum 

effects

NOAEL



Acute Toxicity Classification

7

 Toxicity Categories

 Signal Words

 Precautionary Statements

 First Aid

 Worker Protection



Acute Toxicity Classification (cont.)
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CATEGORY I CATEGORY II CATEGORY III CATEGORY IV

Oral LD50

(mg/kg)
< 50 > 50 thru 500 > 500 thru 5000 > 5000

Dermal LD50

(mg/kg)
< 200 > 200 thru 2000 >  2000 thru 5000 g > 5000

Inhalation 

LC50

(mg/L)

< 0.05 > 0.05 thru 0.5 > 0.5 thru 2 > 2

Skin 

Irritation
Corrosive

Severe irritation at 

72 hours 

Moderate irritation 

at 72 hours

Mild or slight 

irritation at 72 

hours

Eye Irritation Corrosive

eye irritation 

clearing in 8-21 

days

eye irritation 

clearing in 7 days 

or less

Minimal effects 

clearing in less 

than 24 hours

DANGER WARNING CAUTION CAUTIONSignal Words



Acute Toxicity Classification (cont.)
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Carcinogenicity Classification
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 2005 Classification of pesticides

▪ Carcinogenic to humans – strong evidence of human carcinogenicity 
based on convincing epidemiological evidence or lesser epidemiological 
evidence in combination of strong evidence in animals

▪ Likely to be carcinogenic in humans – plausible association between 
human exposure and cancer or strong evidence in animals

▪ Suggestive evidence of carcinogenic potential – Suggestion of 
carcinogenicity in animals, concern for potential carcinogenic effects in 
humans

▪ Inadequate information to assess carcinogenic potential

▪ Not likely to be carcinogenic to humans – no basis for human concern



▪Non-linear assessment

Reference Dose (RfD)  

RISK = TOXICITY X EXPOSURE

▪Linear assessment

Linear Low-Dose Extrapolation (q1*) 

RISK = TOXICITY X EXPOSURE

Carcinogenicity Assessment
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Threshold effects – no response over a range of low doses that 
include zero (e.g. non genotoxic carcinogens)

Non-threshold effects – responses at all doses above zero (e.g. 
genotoxic carcinogens)



Reference Dose (RfD)
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0.01      0.1 1.0       10 100       1000

NOAELRfD

Dose (mg/kg/day)
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Uncertainty 
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Uncertainty Factors
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Safety/Uncertainty 

Factor

Reason Value

Interspecies Most humans aren’t rats 10X

Intraspecies All humans aren’t the same 10X

FQPA (Food Quality 

Protection Act)

Young may be more sensitive than 

adults

1, 3, 10X

Database Study database not acceptable 3-10X

Maximum 10000 X 

but most not 

greater than 

3000X



Dietary Risk Assessment
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RfD= NOAEL/ UF (uncertainty factor)

Lowest NOAEL of most sensitive species/ endpoint

ARfD (acute reference dose) – estimate of daily oral exposure 
for an acute duration (24h or less) to human population 
without appreciable risk of deleterious effects during a lifetime. 
Derived form NOAEL/ LOAEL

CRfD (chronic reference dose) – estimated of daily oral 
exposure for chronic duration (lifetime) to human population 
without appreciable risk of deleterious effects during a lifetime. 
Derived from NOAEL/ LOAEL





Linear Low Dose Extrapolation
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 Linear extrapolation 

through zero threshold 

dose from upper 

confidence level of lowest 

dose that caused cancer

 Yields a cancer slope 

factor (q1*) used to predict 

cancer risk at a specific 

dose

 Used to calculate 

individual lifetime cancer 

extra risk

EXTRA RISK = q1* x lifetime 

exposure

 Acceptable extra risk set 

at 10-6 (1 in a million)


