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Introduction
• The purpose of toxicological investigations of plant protection products
is to ensure that workers, farmers and consumers are not affected by
its handling or use
• No single study provides all the information necessary to identify the
toxicological properties of a plant protection product
• The fate of a substance is investigated in a study that determines the
absorption, distribution, metabolism, elimination (ADME)
• A series of phenomenological studies are required.
• Phenomenological studies form the basis of toxicology as it
investigates dose-response relationship (“the dose makes the poison”).
• Mechanistic studies describe the processes that leads to an adverse
effect.
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Introduction
Dose-response relationship
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Introduction
Median lethal dose/concentration (LD50/LC50)
• The amount of substance that kills 50 per cent of animals in a group
in a specified time
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Acute (short-term) Studies
The three routes of exposure
• General approach for assessing potential health effects associated with
acute exposure to an active substance or plant protection product
(PPP) for hazard identification
• Acute toxicity tests are conducted to determine
•
•
•
•
•

Whether a single exposure produce lethality or adverse effects within 24 hours
Toxic effects following exposure by oral, dermal or inhalation route
Dose response, time of onset, duration, severity and reversibility of effects
Sex difference
Classification and labelling for acute toxicity

• The three routes of exposure
• Oral
• Dermal
• Inhalation
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Acute (short-term) Studies
Acute oral toxicity
• Objective is to determine the median lethal dose (LD50) in laboratory
animal (usually in rats) after oral administration
• Three OECD test guidelines are available
• Fixed dose procedure, OECD TG 420
• Acute toxic class method, OECD TG 423
• Up-and-down class method, OECD TG 425

• To reduce the number of animals many regulatory authorities accept
OECD TG 423
• Test design
• Young healthy rats (8-12 weeks old, nulliparous and non-pregnant)
• Test substance administered as liquid or suspension by gavage (vehicles: water,
vegetable oil, carboxymethyl-cellulose)
• Usual observation period after administration: 30 min, 1 , 2, 4, 6 hours, daily until
day 14
• Macroscopic observation of deceased animals at necropsy
7
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Acute (short-term) Studies
Acute oral toxicity
• Testing scheme according to acute toxic class method, OECD TG 423
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Acute (short-term) Studies
Acute oral toxicity
• Classification and labelling of acute oral toxicity according to GHS
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Acute (short-term) Studies
Acute dermal toxicity
• Objective to determine the median lethal dose (LD50) in laboratory
animal (usually in rats) after dermal administration
• Test design of OECD TG 402
• Young healthy rats (8-12 weeks old, nulliparous and non-pregant)
• Application to dorsal part (at least 10% of body surface area, closely clipped)
• Dose evenly distributed on skin area. Solid substances need to moistened with small
amounts of water (0.5-1 mL)
• Step wise dose selection: Pre-test: 1 animal per dose
Main test: 2 animals at same dose for confirmation
• Exposure for 24 hours
• Usual observation period after administration: 30 min, 1 , 2, 4, 6 hours, daily until
day 14
• Macroscopic observation of deceased animals at necropsy

10

Helping Farmers Grow

10

5

4/12/2021

Acute (short-term) Studies
Acute dermal toxicity
• Testing scheme according to acute toxic class method, OECD TG 402
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Acute (short-term) Studies
Acute dermal toxicity
• Classification and labelling of acute dermal toxicity according to GHS
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Acute (short-term) Studies
Acute inhalation toxicity
• Objective to determine the median lethal concentration (LC50) in
laboratory animals (usually in rats) after inhalation
• Respiration
• Exposure and toxicity are driven by
particle size of aerosol
• Particles of < 10 µm penetrate the alveolar
region in the lung
• Particles of > 100 µm are not respirable
• Particles of 10 < P < 100 µm are caught in
the upper respiratory tract or bronchi
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Acute (short-term) Studies
Acute inhalation toxicity
• Test design of OECD TG 403
• Young healthy rats, 8-12 weeks old, nulliparous and non-pregnant
• Application of aerosol to nose only
• Aerosol criteria: Mass median aerodynamic diameter: 1 – 4 µm
Geometric standard deviation: 1.5 – 3.0
• Dose options:
- Limit test 5 mg/L air or highest attainable
concentration
- 3 dose levels in case of mortality
• Sighting test: 3 males/3 females
Main test:
5 animals of most susceptible
sex
• Exposure for 4 hours
• Usual observation period after administration:
30 min, 1 , 2, 4 hours, daily until day 14
followed by necropsy and macroscopic
observation
14
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Acute (short-term) Studies
Acute inhalation toxicity
• Classification and labelling of acute inhalation toxicity according to
GHS (dust/mist)

15

Helping Farmers Grow

15

Acute (short-term) Studies
Irritation assessment
• Irritation tests are conducted to assess
• Whether the substance is likely to be corrosive
• Time of onset, extent, severity and reversibility of effects
• Classification and labelling for irritation
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Acute (short-term) Studies
Acute skin irritation
• Objective to determine local responses such as erythema and/or
edema in rabbit skin following single administration
• Test design of OECD TG 404
• Substance applied to small area of
skin (flank, ca. 6 cm2) of rabbits
• Dose 0.5 ml or 0.5 mg
• Exposure for 4 hours
• Observation for 14 days
• Dosing of one animal and scoring after 24 hours
(sequential dosing)
• Dosing of two other animals if no corrosive effects
in first animal
• Evaluation of exposure area regarding nature and
severity of irritation and reversibility
• Note: liquids of 2 > pH > 11.5 are classified as
corrosive and should not be tested
17
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Acute (short-term) Studies
Acute skin irritation
• Score of erythema and edema are considered to conclude on irritation
• Scoring effects in exposure area
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Acute (short-term) Studies
Acute skin irritation
• Classification of skin irritation according to GHS
• Category 1: skin corrosion

• Labelling of skin irritation according to GHS
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Acute (short-term) Studies
Acute eye irritation
• Objective to determine local responses such as corneal opacity, iridal
effects, conjunctival redness and /or swelling in rabbit eye following
single administration
• Test design of OECD TG 405
• Instillation of substance in conjunctival sac of one eye while the other eye remains
untreated (control)
• Dose: 0.1 ml (liquid),
<100 mg (finely ground solid in the form of dust)
• Exposure: 24 hours for liquids
1 hour for solids followed by rinsing with distilled water
• Dosing of 1 animal (sequential dosing) followed by scoring after 24 hours
• Dosing of 2 animals if no corrosive effects in first animal
• Observation for 21 days post application or until reversibility of effects
• Evaluation of exposure area regarding to nature and severity of irritation and
reversibility
• Note: liquids of 2 > pH > 11.5 are classified as corrosive and should not be tested
20
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Acute (short-term) Studies
Acute eye irritation
• Score of all effects are considered to conclude on irritation
• Scoring effects in exposed eye
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Acute (short-term) Studies
Acute eye irritation
• Scoring effects in exposed eye (continued)
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Acute (short-term) Studies
Acute eye irritation
• Classification of eye irritation according to GHS
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Acute (short-term) Studies
Acute eye irritation
• Labelling of eye irritation according to GHS
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Acute (short-term) Studies
Sensitization assessment
• Flow of events associated with an immunologically mediated cutaneous
reaction to exposure to a substance
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Acute (short-term) Studies
Sensitization assessment
• The objective is to evaluate the potential of causing allergic contact
dermatitis in humans
• Three test systems in laboratory animals
• OECD TG 406 (Maximization test)
• OECD TG 406 (Buehler test)
• OECD TG 429 (Local Lymph Node assay; radioactive MT)
• OECD TG 442B (Local Lymph Node assay; BrdU-ELISA)
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Acute (short-term) Studies
Sensitization assessment
• Brief summary of study designs
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Acute (short-term) Studies
Sensitization assessment
• The local lymph node assay (LLNA) should be the test of choice.
• A sensitizer induces proliferation of lymphocytes in lymph nodes
proportionally to the dose and potency of the allergen.
• LLNA test allows to quantitatively measure the lymphocyte proliferation
and thus sensitization.
• A substance is considered to be a sensitizer if
• Stimulation index, SI > 3 in radioactive LLNA
• Stimulation index, SI > 1.6 in BrdU-ELISA LLNA
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Acute (short-term) Studies
Sensitization assessment
• Classification of sensitization according to GHS

• Labelling of sensitization according to GHS
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Acute (short-term) Studies
Conclusion
• Acute toxicity data by oral, dermal or inhalation route are an essential
step in hazard identification
• The data provide first information about adverse effects and doseresponse that support the dose setting for sub-chronic tests, for
instance 90-d dietary feeding study
• The endpoints provide information for classification and labelling, for
instance according to GHS
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Sub-chronic studies
Three routes of exposure
• Repeated dose 28-day oral toxicity study (range finding)
• Repeated 90-day oral toxicity in rodents (rat and mouse),
OECD TG 408
• Repeated 90-day/1-year oral toxicity in non-rodents (dog),
OECD TG 409
• Repeated 21/28-day dermal toxicity study, OECD TG 410 (rarely
provides endpoints for risk assessment)
• Repeated 28-day inhalation toxicity study, OECD TG 412 (only required
for volatile substances)
The study should provide a Lowest Observed Adverse Affect Level
(LOAEL) and the no observable adverse effect level (NOAEL)
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Sub-chronic studies
Definition of endpoint
• Definition of LOAEL and NOAEL according to WHO
• LOAEL: Lowest concentration of a substance, found by experiment or observation,
which causes an adverse alteration of morphology, functional capacity, growth,
development or life span of the target organism
distinguishable from normal (control) organisms
of the same species and strain under the same
defined conditions of exposure.
• NOAEL: Greatest concentration of a substance,
found by experiment or observation, which
causes no detectable adverse alteration of
morphology, functional capacity, growth,
development or life span of the target organism
under defined conditions of exposure. Alterations
of morphology, functional capacity, growth,
development or life span of the target may be detected which are judged not to be
adverse.
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Sub-chronic studies
Range finder
• Repeated dose 28-day oral toxicity study (range finding)
• The objective study is to find the right dose levels for the subchronic
studies, repeated dose 90-d oral toxicity of rodents (rat, mouse) and
non-rodent (dog)
• The dose levels should induce some toxicity but not death or severe
suffering (Maximum Tolerated Dose)
• The study design is similar to the 90-day study although the number of
animals and parameters can be reduced.
• However, the study should provide information about the no effect level,
the lowest effect level and target organ(s).
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Sub-chronic studies
90-day repeated oral toxicity
• Study design (rodents), OECD TG 408
• At least 3 dose groups + control group, 10 males/10 females in each dose group

•
•
•
•
•
•
•
•
34

Substance administered via the diet or drinking water (rarely) or by gavage
Regular measurements of body weight and food and water consumption
Daily observation of clinical condition of animals for signs of morbidity and mortality
Once a week, detailed clinical observation for sign of change of skin, fur, eyes,
mucous membranes and behaviour, e.g. posture, gait, movement
Towards the end, examination of sensory stimuli (auditory, visual), grip strength and
motor activity
At necropsy, determination of weight of major organs (liver, kidney, reproductive
organs etc.), glands (thyroid, pituitary, adrenal) and tissues (brain)
Haematology and clinical biochemistry is carried out to find effects on liver, kidney,
thyroid or other vital organs
Histopathology of all organs and tissues is carried out to find lesions that might
develop into tumor
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Sub-chronic studies
90-day repeated oral toxicity
• Questions need to be addressed during evaluation of the study results
•
•
•
•
•
•
•
•

Which toxic effects were observed in the course of the dosing period?
At which dose levels were the effects observed?
Were the effects observed in relation to dose level?
Were treatment related effects found in haematology or clinical biochemistry?
Were treatment related findings reported in histopathological examination?
Could a target organ be identified?
Could a LOAEL be established?
Could a NOAEL be established?

A valid study would have answers to all the questions
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Sub-chronic studies
90-day repeated oral toxicity
• Study design (non-rodents, dog), OECD TG 409
• At least 3 dose groups + control group, 4 males/4 females in each dose group

• Substance administered via the diet or drinking water (rarely) or by gavage or
capsules
• Regular measurements of body weight and food and water consumption
• Daily observation of clinical condition of animals for signs of morbidity and mortality
• One a week, detailed clinical observation for sign of change of skin, fur, eyes,
mucous membranes and behaviour, e.g. posture, gait, movement
• Haematology, clinical biochemistry, gross necropsy and histopathology

• The study should provide the LOAEL, NOAEL and target organ(s)
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Sub-chronic studies
90-day repeated dermal and inhalation toxicity
• Apart from the route of administration the test substance, the repeated
21/28-day dermal toxicity study (OECD TG 410) and repeated 28-day
inhalation toxicity study (OECD TG 412) follow a similar study design
as the repeated oral toxicity study
• The repeated dermal toxicity study can be conducted at a limit dose
(1000 mg/kg bw) if toxicity would not be expected on the basis of
existing data
• The NOAEL is the limit dose if the animals show no adverse effects
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Chronic studies
Combined chronic toxicity/carconogenicity study
• Study design (OECD TG 451-3)
• Repeated oral administration to rodents (rat, mouse)
• The period of dosing and duration is normally 12 months for the chronic phase, and 24
months for the carcinogenicity phase
• At least 3 dose groups + control group, 50 males/50 females in each dose group
• Regular measurements of body weight, food and water consumption
• Regular detailed observations
• Haematological examination, urinalysis, clinical chemistry
• Gross pathology of organs and tissues
• Histopathology of organs and tissues.

• All these observations should permit the detection of neoplastic effects
and a determination of carcinogenic potential as well as the general
toxicity
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Reproduction toxicity study
Two-generation reproductive toxicity
• Study design (OECD TG 416)
• Repeated oral administration to rodents (rat)
• 3 dose groups + 1 control group
• Males and females of the parent generation (5-9 weeks old) should be dosed during
growth, during their mating, during the resulting pregnancies, and through the weaning
of their first generation offspring
• The administration of the substance is continued to first generation offspring during
their growth into adulthood, mating and production of a second generation (until the
weaning)
• Measurements body weigh, sperm parameters, oestrus cycle parameters and offspring
parameters (litter size)
• Clinical observations, as well as gross necropsy and histopathology
• Estimation of NOAEL and understanding of adverse effects on reproduction, parturition,
lactation, postnatal development including growth and sexual development
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Developmental toxicity study
• Study design (OECD TG 414)
• Rodents (rat) and non-rodents (rabbit)
• Repeated oral administration by intubation to pregnant females until caesarean section
(shortly before expected delivery)
• 3 dose groups + 1 control group
• Regular measurements of body weight and food consumption and clinical observations
• Examination of uterus content
• Foetuses are evaluated for soft tissue and skeletal changes
• NOAEL for dams and development

40

Helping Farmers Grow

40

20

4/12/2021

Genotoxicity studies
in-vitro tests
• The purpose of genotoxicity testing is to identify substances that can
cause genetic alterations in somatic and/or germ cells
• A test battery is available to examine DNA damage, which may or may
not result in permanent alterations in the structure or information
content in a cell or its progeny
•
•
•
•

Bacterial reverse mutation test (Ames Test), OECD TG 471
Mammalian cell gene mutation test, OECD TG 476, 490
Mammalian chromosomal aberration test, OECD TG 473
Mammalian cell micronucleus test, OECD TG 487
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Genotoxicity studies
In vivo tests
• At least one in vivo test should be carried out.
• Transgenic rodent somatic and germ cell gene mutation assays, OECD TG 488
• Mammalian bone marrow chromosomal aberration test, OECD TG 475
To be carried out if the in vitro test provides positive or ambiguous results (risk of
chromosomal damage)
• Mammalian erythrocyte micronucleus test, OECD TG 474
• Rodent dominant lethal assay, OECD TG 478
To be carried out if the in vitro test provides positive or ambiguous result or indications
of genetic damage
• Unscheduled DNA synthesis (UDS) test with mammalian liver cells in vivo,
OECD TG 486
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Special studies
• The requirement for special studies depends on the findings in subchronic or chronic toxicity, reproduction or developmental toxicity or
genotoxicity study
• Examples of special studies
• Neurotoxicity study (OECD TG 424)
usually in rats with single administration or administration for 28 or 90 days or 1 year
• Developmental neurotoxicity study, OECD TG 426
• Mechanistic studies in case of tumor formation in rodents or dog
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Summary of endpoints
Example of list of endpoints
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Setting reference values
Uncertainty factor
• The extrapolation of data from laboratory animals to humans requires
an additional safety margin
• Factor 10 for inter-species extrapolation
• Factor 10 for intra-species extrapolation
• Uncertainty factor (UF) = 100
• UF could be increased in case of potential for mutagenicity,
reprotoxicity or other severe effects
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Setting reference values
Acceptable Daily Intake
• Definition of Acceptable Daily Intake (ADI) according to JMPR (1962)
• The daily dosage of a chemical which, during an entire lifetime, appears to be without
appreciable risk on the basis of all the facts known at the time. "Without appreciable
risk“ is taken to mean the practical certainty that injury will not result even after a
lifetime exposure. The acceptable daily intake is expressed in milligrams of the
chemical, as it appears in the food, per kilogram of bodyweight (mg/kg/day)

• Setting of Acceptable Daily Intake (ADI)
• Usually, the NOAEL of a chronic study of the most sensitive species is divided by the
UF
• NOAEL / UF = ADI
• Example:
NOAEL 2 mg/kg bw/d (24-month, oral, rat)
2 / 100 = 0.02 mg/kg bw/d
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Setting reference values
Acute Reference Dose
• Definition of Acute Reference Dose (ARfD) according to JMPR (2002)
• The ARfD of a chemical is an estimate of the amount of a substance in food and/or
drinking water, normally expressed on a body weight basis, that can be ingested in a
period of 24 hours or less, without appreciable health risk to the consumer, on the
basis of all known facts at the time of evaluation. “

• Setting of Acute Reference Dose (ARfD)
• Usually, the lowest NOAEL of a sub-chronic or developmental or reproduction study of
the most sensitive species is divided by the UF
• NOAEL / UF = ARfD
• Example: NOAEL 10 mg/kg bw/d (90-d, oral, dog)
10/100 = 0.1 mg/kg bw/d
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Setting reference values
Acceptable Operator Exposure Level
• Definition of Acceptable Operator Exposure Level (AOEL)
• The maximum amount of active substance to which the operator may be exposed
without any adverse health effects.

• Setting of Acceptable Operator Exposure Level (AOEL)
• Usually, the lowest NOAEL of a sub-chronic or developmental or reproduction study of
the most sensitive species is divided by the UF
• UF could be corrected by an additional factor for limited oral absorption/bioavailability
• NOAEL / UF = AOEL
• Example: NOAEL 10 mg/kg bw/d (90-d, oral, dog)
Oral bioavailability 60%
10/100 · 0.6 = 0.06 mg/kg bw/d
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Conclusion
• A set of phenomenological studies carried out for chemicals in order to
derive endpoints that are use for classification and labelling and for
setting reference values.
• Reference values such acceptable daily intake (ADI), acute reference
dose (ARfD) are used for dietary risk assessment to ensure that
consumers have access to safe food.
• The acceptable operator exposure level (AOEL) is used for operator
and worker risk assessment to ensure that handling and spraying of
plant protection products don’t put farmers and farm workers at risk.
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Thank you for your kind attention !
I happy to answer your questions.

Email Thomas.mueller@auxilife.com
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