
international

Environmental 
Criteria for the 
Registration of 

Pesticides

Technical Monograph n°3

Monograph

Representing the Plant Science Industry

Technical



dépôt légal: D/1990/2537/4
Revised March 1990

Environmental 
Criteria for the 
Registration of 

Pesticides

Technical Monograph n°3



1 PRINCIPLES

	 1.1	 INTRODUCTION
	 Assessment of effects on the environment is an integral 
part of the process of pesticide development and registration. 
This assessment should be designed to identify potential 
hazards, and thus enable 8 risks of adverse effects on the 
environment to be quantified and evaluated in relation to 
benefits, as illustrated in Figure 1.

The nature and amount of data required for pesticide 
registration depends on the properties and use of each 
substance. Research resources should be focussed on the 
identification and evaluation of major risks, and data 
requirements which are excessive and stifle innovation must be 
avoided. A stepwise sequence allows an efficient selection of 
tests essential to each
individual risk analysis. 

Following each step, a preliminary assessment of risks and 
benefits allows decisions to be made on the need for further 
testing. Tests closer to practical use conditions may be required 
if there are doubts that benefits clearly outweigh risks.

The steps are:

	 Step 1: Standard laboratory tests on physical and 	 	
	 chemical properties, primary fate of the compound and 	
	 acute or short term biological effects -generally necessary 	
	 for all products.

	 Step 2: Supplementary laboratory studies on 	 	
	 environmental distribution and degradation and additional 	
	 toxicity tests including sub-lethal and chronic effects. The 	
	 choice will be determined by the individual properties and 	
	 uses of a substance.

	 Step 3: Simulated field and field studies, in case a 	 	
	 product's hazard cannot sufficiently be assessed from 	
	 laboratory studies (Steps 1 and 2) and experience.

	 Step 4: Post-registration monitoring, designed 	 	
	 programmes and/or incident investigations during 	 	
	 commercial use.
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	 Figure 1
	 Environmental risk assessment as part of the pesticide 
development and registration process

	 1.2	 EXPOSURE
	 The exposure of an organism to a pesticide depends 
primarily on: 

-	 concentration of chemical in relevant environmental 		
	 compartment 
-	 biological availability of the chemical 
-	 biology of the organism (including location, season and 	
	 feeding habits).

	 	 1.2.1 Environmental Concentrations
	 	 The highest concentrations usually occur during 
and immediately after application. Typical values are given in 	
Tables 1 and 2. The great diversity of values emphasizes 	 	
the importance of obtaining realistic estimates of 	 	 	
environmental concentrations. Their order of magnitude 	 	
can often be estimated by simple calculations (Ref. 1). 

Following application, the concentration of residues 		 	
declines due to:
	 - 	 degradation
	 - 	 movement into other environmental compartments
	 - 	 dilution (e.g. during growth of treated leaf).
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Table 2 Possible environmental concentrations of pesticides 
immediately after application in treated and adjacent areas

(assuming 1% of application rate as deposition rate from drift 
following application by ground sprayer)

	 	 	 	 	 	 Environmental Conc. 
	 	 	 	 	          	       (mg a.i./kg)

Application 	 	 Material 	 	 Treated  	 Adjacent 
rate (g a.i./ha) 	 	 	 	 Area	 	 Area*

1000 		 	 Plants 	  	 200	 	 2 
	 	 	 Seeds 
	 	 	 (on plants)	 	 10	 	 0.1
	 	 	 Soil 
	 	 	 (upper 5cm)	 	 1	 	 0.01

100 	 	 	 Plants		 	 20	 	 0.2
	 	 	 Seeds 
	 	 	 (on plants)	 	 1	 	 0.01
	 	 	 Soil 
	 	 	 (upper 5cm) 		 0.1	 	 0.001

10 	 	 	 Plants		 	 2	 	 0.02
	 	 	 Seeds 
	 	 	 (on plants)	 	 0.1	 	 0.001
	 	 	 Soil 
	 	 	 (upper 5cm)	 	 0.01	 	 0.0001

This distribution can be estimated either from the 
physicochanical properties of the chemical or measured.

	 	 1.2.2	 Bioavailability
	 	 The availability of a chemical to organisms is 
primarily related to its concentration in the aqueous and gaseous 
phases. Thus, adsorption can have a major effect on the 
availability of the chemical.

When strongly adsorbed on sediment, the availability of a 
chanical to aquatic organisms such as fish can be several orders 
of magnitude less than if the chemical was in solution. Similarly 
adsorption by soil can greatly reduce a chemical's availability to 
plants and other soil
organisms such as earthworms. Sorption onto plant material can 
reduce its
availability to organisms living or feeding on the plant.

	 	 1.2.3	 Biology of Organisms
Exposure assessment requires a knowledge of the location and 
feeding habits of the organism. For example:
	 -	 will it be living in an area when/where the pesticide 	
	 	 is used?
	 -	 will it consume granules, treated seed or plants?
	 -	 will it be physically protected from higher 	 	
	 	 concentrations of the chemical, e.g. by living within 	
	 	 the soil.

NOTE
* Level of possible 

contamination rapidly 
decreasing with distance.

Partially adapted from 
Hoerger and Kenaga 

(Ref. 1).
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Degradation
Pesticides are degraded by a range of mechanisms including:

- chemical ( e.g. hydrolysis) 
- photochemical (e.g. on plant surfaces)
- metabolism (e.g. in plants or by microorganisms in soil or water).

The rates of degradation should normally be studied and 
identification made of major breakdown products in plants, soil, 
water and mammals using radio-labelled chemicals under 
controlled conditions.

Movement
Following application, a chemical moves between differents 
parts of the environment mainly by mass flow in water, and 
diffusion/mass flow in the gaseous phase. This reduces the 
concentration in the treated compartment but transports 
residues to untreated compartments, e.g. from plant surface to 
soil or soil to water. 

To estimate the potential of a chemical to move, it is necessary 
to know how a chemical is distributed between the three phases.

Table 1 Typical Concentrations of Pesticides 
(actual values depend on individual circumstances)

Material 	 	 	 	 	 Concentration (mg a.i./kg)
Product (50% w/w active	 	 	 500,000
ingredient) 
Granules (0,5% w/w active	 	 50,000
ingredient) 
Spray solution ( 0.5% of product)	 2,500
Plants*	 	 	 	 	 100
Seeds exposed to spray* 		 	 5
Soil (upper 5cm)**	 	 	 	 0.5

NOTE
* Immediately after 

spraying with 0.5 kg 
a.i./ha (adapted from Ref. 

1).
** Uniform distribution of 

0.5 kg a. i. /ha
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Table 2 Possible environmental concentrations of pesticides 
immediately after application in treated and adjacent areas

(assuming 1% of application rate as deposition rate from drift 
following application by ground sprayer)

	 	 	 	 	 	 Environmental Conc. 
	 	 	 	 	          	       (mg a.i./kg)

Application 	 	 Material 	 	 Treated  	 Adjacent 
rate (g a.i./ha) 	 	 	 	 Area	 	 Area*

1000 		 	 Plants 	  	 200	 	 2 
	 	 	 Seeds 
	 	 	 (on plants)	 	 10	 	 0.1
	 	 	 Soil 
	 	 	 (upper 5cm)	 	 1	 	 0.01

100 	 	 	 Plants		 	 20	 	 0.2
	 	 	 Seeds 
	 	 	 (on plants)	 	 1	 	 0.01
	 	 	 Soil 
	 	 	 (upper 5cm) 		 0.1	 	 0.001

10 	 	 	 Plants		 	 2	 	 0.02
	 	 	 Seeds 
	 	 	 (on plants)	 	 0.1	 	 0.001
	 	 	 Soil 
	 	 	 (upper 5cm)	 	 0.01	 	 0.0001

This distribution can be estimated either from the 
physicochanical properties of the chemical or measured.

	 	 1.2.2	 Bioavailability
	 	 The availability of a chemical to organisms is 
primarily related to its concentration in the aqueous and gaseous 
phases. Thus, adsorption can have a major effect on the 
availability of the chemical.

When strongly adsorbed on sediment, the availability of a 
chanical to aquatic organisms such as fish can be several orders 
of magnitude less than if the chemical was in solution. Similarly 
adsorption by soil can greatly reduce a chemical's availability to 
plants and other soil
organisms such as earthworms. Sorption onto plant material can 
reduce its
availability to organisms living or feeding on the plant.

	 	 1.2.3	 Biology of Organisms
Exposure assessment requires a knowledge of the location and 
feeding habits of the organism. For example:
	 -	 will it be living in an area when/where the pesticide 	
	 	 is used?
	 -	 will it consume granules, treated seed or plants?
	 -	 will it be physically protected from higher 	 	
	 	 concentrations of the chemical, e.g. by living within 	
	 	 the soil.

NOTE
* Level of possible 

contamination rapidly 
decreasing with distance.

Partially adapted from 
Hoerger and Kenaga 

(Ref. 1).
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If the initial hazard assessment indicates a marginal safety level 
then further exposure assessments might be necessary, for 
example: 
	 -	 palatability of granules and treated seed to birds 	
	 	 including repellency effects.
	 -	 degradation and movement of the chemical under 	
	 	 field conditions.

	 	 1.2.4	 Stepwise Sequence of Data Production 
Step 1: Standard Data/Laboratory Tests

Identity of Active Ingredient 
	 -	 a common name proposed or accepted by ISO 
	 -	 structural formula
	 -	 chemical name (IUPAC nomenclature)

Physical-Chemical Properties of Active Ingredient
	 -	 melting/boiling point
	 -	 density
	 - 	 physical state
	 - 	 absorption spectra -ultraviolet, visible and infra-red
	 - 	 vapour pressure (preferably in temperature range 	
	 	 20-25°C)
	 - 	 solubility in water (preferably in temperature range 	
	 	 20-25°C)
	 - 	 partition coefficient between water and an 	 	
	 	 appropriate non-miscible solvent (e.g. n-octanol)
	 - 	 acid/base dissociation constants (when appropriate)

Composition of Technical Grade Material
	 - 	 concentration of active ingredient
	 - 	 the nature and amount of significant impurities

Properties of Formulated Product
	 -	 type of formulation (e.g. water dispersible powder, 	
	 	 emulsifiable concentrate, powder, granule, seed-	
	 	 dressing, aerosol)
	 - 	 content of active ingredient(s) 
	 - 	 content and nature of components of the 	 	
	 	 formulation, including adjuvants
	 - 	 storage stability (in respect to composition and 	
	 	 physical properties related to use)
	 - 	 physical characteristics (e.g. density, particle size 	
	 	 distribution)
	 - 	 acidity/alkalinity

Mobility of Active Ingredient
	 -	 adsorption/desorption and/or leaching in soil

Fate of Active Ingredient
	 -	 hydrolysis
	 - 	 photolysis in water
	 - 	 rate of degradation and identification of major 	
	 	 breakdown products in mammals, plants and soil
	 - 	 method of analysis
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Step 2: Supplementary Laboratory Studies

These depend on the properties of the product and on the 
outcome of the initial hazard assessment. They are not standard 
requirements.

	 - 	 degradation in water/sediment
	 - 	 leaching of major degradation products
	 - 	 photolysis on soil surface
	 - 	 method of analysis for relevant degradation 	 	
	 	 products
	 - 	 bioaccumlulation in fish (if octanol/water partition 	
	 	 coefficient is greater than 1000)
	 - 	 estimation of volatility (e.g. from soil).	

Step 3 : Simulated Field and Field Trials

If following additional laboratory studies and further hazard 
assessment there are still doubts about the environmental 
acceptability of a chemical then further field studies might be 
necessary, particularly for chemicals which are relatively 
persistent or exhibit high mobility.

Examples of the types of studies which might be helpful are:
	 - 	 rates of degradation in soils following recommended 	
	 	 application
	 - 	 leaching
	 - 	 volatilization

Some field studies on environmental fate are best combined with 
biological assessments (see Section 1. 3, Step 3).

Step 4 : Post-Registration Monitoring

Monitoring of residues in the environment during normal 
coumercial use of a pesticide (e.g. soil, water and wildlife). This 
can be combined with biological assessments (see Section 1.3, 
Step 4).
Examples of suitable methods for the above tests are given in 
Part 2.

NOTE
Public disclosure of data 

should include 
safeguards that will serve 
to preclude unauthorized 
competitive use of such 

data (Refs. 2 and 3).
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	 1.3 	 EFFECTS
	 Measurement of toxicity should be carried out using a 
step-wise procedure. After each step, a hazard assessment is 
made to decide if further testing is necessary .

Step 1 and 2 tests are normally carried out with the active 
ingredient, but a formulation is sometimes necessary to apply 
compounds with low water solubility, e.g. in tests for aquatic 
organisms and bees. Testing of a typical formulation on 
mammals, honey bees and fish might also be necessary if the 
formulation is expected to increase the toxicity to, levels of 
environmental concern.

Laboratory tests are designed to maximize the availability of the 
pesticide and thus reveal maximum hazard. For example, aquatic 
studies are carried out in clean water to minimize adsorption of 
the chemical. Soils which might have a relatively high adsorption 
capacity such as soils with a high organic matter content should 
be avoided. 

Step 1: Standard Laboratory Tests

These tests are normally required for all substances unless the 
organism is not exposed.

Mammals
There is an abundance of data on mammals as a result of the 
work done to assess risk to humans. Acute tests include oral and 
dermal toxicity to rat; inhalation (rat); skin irritation (rat or rabbit); 
skin sensitization (guina pig); eye irritation (rabbit).

Sub-chronic and chronic (three months -two years) feeding 
studies in rat, dog and mouse; rat and rabbit teratology; rat 
reprrouction.
Other studies include several mutagenicity tests.

Birds
Acute LD50 or dietary LC50 toxicity to one or two species (e.g. 
quail and mallard)

Honeybees
Acute oral and contact taxicity.

Fish
Acute toxicity (96 h) to one species (e.g. trout) 

Daphnia
Acute toxicity (48 h) to first instars.

Examples of suitable methods for the above tests are given in 
Section 2.3.2 .
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