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FOREWORD
This Technical Monograph has been prepared and published by
CropLife International to provide industry specialists and
government regulators with guidelines on environmental
regulatory criteria that are up to date and state of the art.
The contents of the monograph are essentially identical to an
FAO Guideline on this subject. The CropLife international
monograph, however, includes a section on risk/benefit analysis
which was excluded from the FAO publication because such a
discussion does not fit within the context of the usual FAO
Guideline as prepared by its Panel of Experts on Registration
Requirements.
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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
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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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NOTE
* Level of possible
contamination rapidly
decreasing with distance.
Partially adapted from
Hoerger and Kenaga
(Ref. 1).

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
rate (g a.i./ha)

Material

Treated
Area

Adjacent
Area*

1000

Plants
Seeds
(on plants)
Soil
(upper 5cm)

200

2

10

0.1

1

0.01

Plants
Seeds
(on plants)
Soil
(upper 5cm)

20

0.2

1

0.01

0.1

0.001

2

0.02

0.1

0.001

0.01

0.0001

100

10

Plants
Seeds
(on plants)
Soil
(upper 5cm)

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.
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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.
aqueous

gaseous

solid

NOTE
* Immediately after
spraying with 0.5 kg
a.i./ha (adapted from Ref.
1).
** Uniform distribution of
0.5 kg a. i. /ha

Table 1 Typical Concentrations of Pesticides
(actual values depend on individual circumstances)
Material
Product (50% w/w active
ingredient)
Granules (0,5% w/w active
ingredient)
Spray solution ( 0.5% of product)
Plants*
Seeds exposed to spray*
Soil (upper 5cm)**
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Concentration (mg a.i./kg)
500,000
50,000
2,500
100
5
0.5

NOTE
* Level of possible
contamination rapidly
decreasing with distance.
Partially adapted from
Hoerger and Kenaga
(Ref. 1).

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
rate (g a.i./ha)

Material

Treated
Area

Adjacent
Area*

1000

Plants
Seeds
(on plants)
Soil
(upper 5cm)

200

2

10

0.1

1

0.01

Plants
Seeds
(on plants)
Soil
(upper 5cm)

20

0.2

1

0.01

0.1

0.001

2

0.02

0.1

0.001

0.01

0.0001

100

10

Plants
Seeds
(on plants)
Soil
(upper 5cm)

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.
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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, seeddressing, 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

5

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).

NOTE
Public disclosure of data
should include
safeguards that will serve
to preclude unauthorized
competitive use of such
data (Refs. 2 and 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.
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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 .

7

Step 2 : Supplementary Laboratory Tests
These depend on the outcome of tile initial hazard assessment
and are not a standard requirement.
Addi tional studies which might be useful include:
-

-

-

-

tests on soil organisms, such as earthworms, and
the functions of soil microorganisms in situations
where substantial residues reach the soil and give
cause for concern.
further aquatic tests, if there is likely to be
significant contamination of water; e.g. freshwater
algae, or estuarine and marine organisms if
appreciable residues could reach estuarine and
marine environments.
effects on relevant predators and/or parasites the
pesticide is to be recommended for use in
integrated control programmes.
longer-term toxicity studies, e.g. bird reproduction,
Daphnia reproduction, fish long-term or early-life
stage test, if organisms are exposed to the
pesticide for long periods, e.g. if the pesticide has a
relatively long persistence or is applied many times
in a season.
data on toxicity to plants are normally available
from screening and efficacy studies.

Step 3 : Simulated Field or Field Trials
If, following additional laboratory studies and a further hazard
assessment there are still doubts about the environmental
acceptability of a product, then these may be resolved using
simulated field or field trials. Such studies are extremely
demanding on resources, and must be individually designed to
answer specific questions; otherwise trials effort may be wasted
and/or the trial yield inconclusive results. Scientific experience is
often insufficient to fully evaluate current approaches of field
test design and data interpretation.
Sometimes relatively simple simulated field or field trials, such as
determining the palatability of pesticide granules/baits, can
provide sufficient information for assessment.
In other cases, it might be necessary to combine a range of
methods such as:
asessing the utilization of treated field by wildlife,
i.e. potential exposure
determining the animal's main diet
residue analysis of the animal diet
searching for dead animals and investigating cause
of death
residue analysis of dead or live caught birds and
mammals
non-destructive biochemical studies on the
organisms.
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The range of available methods is discussed in more detail in
Section 2.3.
However a particular technique should be used only if it helps to
answer specific questions.
Step 4 : Post Registration Monitorirut
Monitoring studies can extend the conditions in which potential
hazards are surveyed and provide a check on the accuracy of
conclusions drawn fran studies in earlier Steps.
Many countries consider monitoring to be an essential
responsibility of authorities or public institutions.
Monitoring can be carried out in several ways. One is to design a
monitoring programme which involves investigations on chosen
species.
General monitoring of wildlife population levels (e.g. by national
surveys) can also provide useful information, but this is limited to
identifying trends, and is difficult to use for demonstrating
causes and effects.
Another approach is the investigation of wildlife mortality. The
work chiefly involves autopsies and residue analysis of animals
found dead, and enquiries into the circumstances that caused
death.
The monitaring approach has several advantages:
a.
b.
c.

It offers an opportunity to detect previously
unpredicted hazards.
It covers all situations in which pesticides are used
practical conditions.
The misuse of pesticides, by deliberate action or by
carelessness, can be identified.

1.4
HAZARD
Hazard is a function of exposure and effect. Hazard
assessment can be used to either refute or quantify potentially
harmful effects, in regard to their nature, their magnitude and
their duration.
"Worst-case" approach
In hazard evaluation, the so-called "worst-case" approach is
frequently used by combining the highest exposure values with
the highest toxicity levels. This approach is a useful tool for
detecting potential hazards and defining the need for more
detailed considerations. However, if the principle is overstressed, the hazard can be greatly over-estimated mile the
actual probability of the hazard occurring, i.e. the risk, may be
minimal (see Section 1.6 -Risk).
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Pre-assessment classification
Experience has shown that, with typical pesticide use rates in
normal spray application, compounds witil toxicity values in the
range or in excess of those in Table 3 can be considered to be
practically non-hazardous. These pesticides generally do not
require further evaluation.
TABLE 3
NOTE
Regarding the values and
Organisms listed in Table
3, a lower LD, LC or
EC50 value does not a
priori indicate a specific
hazard. It only means
that a subsequent hazard
assessment is
recommended.

Organism, test

Range of toxicity values, taken
from Refs. 4 to 15, within
or above which no hazard is
expected in typical practical use

Birds, acute LD50
Birds, 5-day dietary LC50
Wild mammals, rat LD50
Fish, acute LCSO (96h)
Aquatic invertebrates,
daphnia EC50 (48 h)
Bees, acute oral LD50

100- 500 mg/kg body weight
500 -1000 mg/kg food
100 -500 mg/kg body weight
5 -10 mg/l water
5 -10 mg/l water
50-100 ug/bee

Hazard assessment
In hazard assessment, the effect values (mostly mean toxicity,
e.g. LD/LC50, or limit values, e.g. LOEC and NOEC for the lowest
and no-effect level) for different organisms are compared with
the estimated (predicted) environmental concentration (EEG or
PEC) in the relevant compartment or food element. For example,
for aquatic organisms, LC50 values are compared with expected
concentrations in the aqueous phase over a comparable time,
taking account of losses in natural aquatic ecosystems due to
e.g. sorption and degradation. For birds, oral LD50 and dietary
LC50 values are canpared with expected concentrations in diet,
taking into account relevant data concerning feeding behaviour
and food consumption.
Comparison of EEC values with acute LD/LC50 values is
appropriate if exposure to the compound is short. However, if
the "safety factor" is smarill' and there is potential for prolonged
exposure, then the assessment should be based on the results
of longer-term tests (e.g. LOEC/NOEC values from reproduction
studies) and, if necessary, on results from simulated field and
field studies. The use of stepwise testing procedures during the
hazard evaluation process is described in greater detail in
Section 2.3.
If the exposure concentration is 5-10 times less than the
LD50/EC50 or less than the NOEC in the corresponding time
period then a practical hazard is unlikely. If these criteria are not
fulfilled then furtller evaluations to quantify the risk are
appropriate. Risk management measures such as label warnings
or restrictions, and special application methods may be
necessary. (See Section 1.6 -Risk).
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There are uncertainties in extrapolation of effects, e.g. from
species to species, laboratory to field, individual to population.
However, the magnitudes of differences and extrapolation
factors can be estimated from numerous studies and
experience. Laboratory tests are run on sensitive species, with
test conditions simulating "worst-case" situations, i.e. maximum
bioavailability.
Increasingly, field studies show that extrapolation from laboratory
to the "in field effects" is possible within practical limits (see
Section 1.5 - Ecological Significance).

NOTE
where C = %
concentration of active
ingredients A, B ...Z, T =
the toxicity
(LD/LC50 values) of A, B
...Z, and TM = the
resulting toxicity value of
the
mixture (Ref. 17).

NOTE
i.e. for this formulation,
an LC50 of 32 mg/l.

The effect of a combination of substances are usually additive
(Refs. 16 and 17) and can be calculated from Finney's harmonicmean formula
CA + CB
CZ
____
____ + … + ____
TA
TB
TZ

= 100
____
TM

Example: A formulation shall contain 10% of compound. A with
an LC50 of 6 mg/l for trout and 30% of compound B with an
LC50 of 20 mg/l.

10 + ____
30
____
6
20

= 100
_____
LC50

of these ingredients in
mixture.

Such "procedure" applies in principle to compounds with a similar
mode of action, but gives generally good results with other
compounds as well. Cases of unpredictable synergisms are
extremely rare, limited in magnitude and restricted to the level of
concentration where effects occur. They are expected to be
detected in efficacy trials and mammalian toxicology tests of
such combinations. (Ref. 16).
1.5
ECOLOGICAL SIGNIFICANCE
The aim of environmental risk assessment is the
protection and conservation of the environment. However,
hazard predictions are rarely based on ecosystem studies
because such studies are complexand difficult to clearly
interpret.
The ecological approach requires an adequate knowledge of the
presence and fate of the pesticide in the environment, a sound
and professional biological background, which includes
experience from ecological field work and agricultural practice,
and a clear definition of wich type of environment and which
biological cormnunity should be protected. Environments where
agricultural pesticides are applied are sites of more or less
intensive agricultural
activity. It should be remembered that human activity, in
particular agriculture, has in some instances created types of
environment which are now considered worthy of protection.
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Ecological evaluation has to differentiate between transient
effects, which have no significant ecological consequences, and
long-term adverse effects which may not be acceptable.
Attention should be given to effects that may occur outside the
agricultural vicinity, e .g .when pesticides move outside the
treated area. The mobility of wildlife species must also be
considered.
The ecological importance of environmental effects caused by
pesticides has to be evaluated in comparison to:
-

-

natural abiotic variations: drought, freezing, flooding,
temperature changes often have drastic effects on
organisms;
biotic fluctuations: the abundance of food will determine
the popuIation size of feeders;
the "repopulation potential": organisms with a high intrinsic
rate of natural increase and dispersal may quickly
compensate occasional depressions; however, care should
be taken if organisms with a low repopulation capacity are
affected;
the rarity of the species;
the ecological impact of other human activities including
agriculture;
the definition of the aims of protection and conservation.

The aims vary widely and different answers will be appropriate
in different cases and countries. However, the final aim of the
environmental hazard evaluation is adequate protection and
conservation of the environment
1.6
RISK
Hazard indicates the potential for damage to the
environment. Risk is the probability of a defined hazard
occurring. For example, if a worst-case-exposure-scenario
predicts possible harmful contaminations of water bodies
following heavy rain, a risk evaluation would have to consider the
frequency of such events at the time and place of application.
A relatively low hazard with a high frequency may result in higher
risk than a greater hazard with a lower frequency. The more
extreme a "worst-case" scenario is, the more it must be
considered to be rare and limited.
Quantification of probability factors will often be difficult.
Possible approaches include:
-

frequency of certain environmental conditions, e.g. heavy
rain, drought, etc. (from meteorological records);
frequency of biological risk conditions, e.g. times of
abnormal hunger or thirst for wildlife (from game
conservancy reports and meteorology);
frequency of observed incidents attributable to the
pesticides (field reports and toxicological investigations).
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Risk management
The environmental risk can be greatly reduced by limiting the
exposure by, for example:
-

modified formulations;
change in application method;
timing of application;
practical recommendations and imitation of potential hazards to
be communicated by producers and salesmen;
increased responsibility of applicators and training for correct
use;
minimization of wildlife exposure through buffer zones;
care in cleaning the application devices;
suitable disposal of empty containers.
1.7

RISK/BENEFIT EVALUATION
Risks

Benefits
Acceptability

The main purpose of this document is to describe ways of
assessing the environmental risks. However, it is essential to take
into account both the risks and the benefits when deciding on
the acceptability of a pesticide. Although no human activity has
a zero risk, it is in everyone's interest to minimize the risk and
maximize the benefit.
Benefits reside in three main categories:
-

Ecological
Economic
Social

Ecological
Ecological hazards of a compound should be compared with
those of alternative methods. Some of the older agricultural
practices can seriously damage the environment. For example,
excessive soil tillage to control weeds can greatly increase soil
erosion by exposing loose soil to wind and water. Use of
herbicides which leave dead plant remains to protect the soil
surface, can reduce erosion by an order of magnitude. (Ref. 4).
Repeated soil cultivation also greatly reduces the number of
some beneficial organisms such as earthworms; thus use of
herbicides in place of cuItivation can improve earthworm
populations. (Refs. 19 and 20).
In the past, ever-increasing areas of wildlife habitats, e.g.
wetlands and forestry, had to be converted to food production
to meet mankind's increasing requirements. However, the
increases in yield achieved by improved farming methods
including pesticides, have made it possible to halt, and indeed
reverse this trend in some countries.
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Economic
Pesticides, mainly due to prevention of yield losses, have
substantially reduced the cost of food. They have also helped
improve food quality (Ref. 21).
For example, in West Germany the average yield of Cox's Orange
Pippin apples where pesticides were used was 162 dt/ha, of
which 85% was marketable. When insecticides, fungicides and
acaricides were not used, the average yield was only 95 dt/ha
and of this only 35% was marketable.
"Pimental et al (1978) carried out a risk/benefit analysis
concerning pesticide use in the USA. These authors calculated
that around 34%, 12% and 2% of the total crop land (excluding
pastures) is treated with herbicides, insecticides, and fungicides,
respectively .
"Their analysis compared the economic costs and benefits of
such pesticide use with an alternative scenario based on pest
control using the best available mechanical, cultural and biological
techniques, including the use of pathogenic insect viruses and
bacteria.
"They concluded that pesticide use prevents the loss of nearly
US $9 billion worth of crops per annum, and that every $1 spent
on pesticides (including application costs) was rewarded by a $4
return on the investment. These estimates can be considered to
be conservative, and the return on investment will clearly be
higher for high value crops, and in areas subject to intense pest
pressure." (Ref.22).
Social
Crop losses due to: pests and diseases have inflicted untold
suffering on humanity. The Irish potato famine, caused by potato
blight, is only one example from recent history where crop
failures have had a devastating effect on rural communities. The
use of pesticides helps to minimize the risk of such catastrophes
recurring. However, the locust plagues in Africa are still a threat
for the continent.
Equally, pesticides fulfil a key role in controlling the vectors of
major diseases of both man (e.g. malaria, river blindness) and
livestock (e.g. sheep strike, Tsetse fly). For example, the use of
insecticides in malaria control programmes has saved tens of
millions of human lives and freed hundreds of millions from the
threat of this disease.
The use of chemicals has played a key part in reducing the
number of people required to work in agriculture, enabling the
work force to fulfil other socio- economic roles. By the same
token, the use of pesticides has taken much of the drudgery
(e. g. weeding ) from the lives of those remaining in agriculture.
It is also important to recognize that pesticide use is essential to
maintaining a reliable supply of cheap, high quality food, free
from natural toxins such as aflatoxins and ergotamines.
Pesticides therefore play a major part in tlte improvement and
maintenance of public health. (Refs. 23 and 24).
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2 GUIDELINES FOR APPROPRIATE
TEST PROCEDURES
The concept of pre-registration hazard evaluation and prediction
from primary and additional data has been described in Part 1 of
this report. Part 2 lists test procedures considered to be
appropriate in providing data for the assessment of the potential
environmental effects presented by a pesticide.
The test procedures and sequences described originate from a
variety of sources. Many are well established methods that have
been used successfully for many years in research as well as in
connection with pesticide registration. Many others have been
devised specifically for reguIatory purposes by individual
governments and international organizations. For those topics for
which testing has only recently been required appropriate test
procedures are still in a state of development.
The test procedures and sequences referred to in Part 2 fulfil
common criteria, the most important of these being that they are
widely applicable, and can be used to produce reliable, accurate
and reproducible results.
References to some guidelines, particularly from national
agencies and international organizations refer to current
guidelines. In view of the continuous procedures for updating
guidelines, it should always be ascertained if the latest version
varies from the reference quoted.
2.1
PHYSICAL-CHEMICAL PROPERTIES
The physical-chemical properties usually provided for
regulatory purposes and listed in Part 1 are necessary to identify
and describe the active ingredient and the product. Vapour
pressure, water solubility, and octanol/water partition coefficient
have particular value in the prediction of the environmental
behaviour of a pesticide. The following test procedures are
recommended.
2.1.1 Vapour Pressure
The vapour pressure of a pesticide is important in
assessing its distribution in the environment. It is the major
property which can be used to calculate the volatility of a
substance to predict whether or not a pesticide is likely to enter
the atmosphere in significant concentrations. Conversely, the
distribution between air and other compartments can be
estimated.
Definition
Vapour pressure is defined as the saturation pressure above a
solid or liquid substance at a particular temperature. The S.I unit
for pressure is the Pascal (Newton/m2).

17

Criteria and test sequence
Determination of vapour pressure should not be required for
pesticides with standard boiling point of less than 30°C.
The vapour pressure at a given temperature is measured in the
laboratory at that temperature or calculated from an
experimentally derived vapour pressure curve. If calculated from
the vapour pressure curve, it must be ascertained that a change
of state or a transition point or decomposition does not occur
within the temperature range under consideration.
Test requirements
The use of analytically pure active ingredient is preferred;
however, technical material can also be used for the static and
gas-saturation systems.
Appropriate test procedures
Several methods are reported in the literature (Refs. 1 to 5)
which cover a range of vapour pressures from less than 10-3 to
105 Pa, but no single method covers the entire range of vapour
pressures. Five methods are recommended, each covering a
definite range of vapour pressure (Ref. 3). Estimation of ambient
vapour pressures of pesticides can be made from gas
chromatographic retention data (Ref. 6).
1.

Dynamic method (103 up to 105 Pa, between 0
and 10O°C). In the dynamic method, the boiling
temperature at a specified pressure is measured.

2.

Static method (10 up to 105 Pa, between 0 and
100°C). In the static process, at the thermodynamic
equilibrium the vapour pressure established in a
closed system is determined at a specified
temperature. This method is suitable for one
component and multi- component solids and liquids.

3.

Isoteniscope (from 102 to 105 Pa, between 0 and
100°C). This standardization method is also a static
method but is usually not suitable for multicomponent systems. Additional information is
available from Ref. 2.

4.

Vapour pressure balance (10-3 to 1 Pa, between 0
and 10O°C). The quantity of substance leaving a
cell per unit time through an opening of known size
is determined under vacuum conditions such that
return of substance into the cell is negligible (e.g. by
measurement of the pulse generated on a sensitive
balance by a vapour jet or by measuring the weight
loss).

5.

Gas saturation method (up to 1 Pa). A stream of
inert carrier gas is passed over the substance in
such a way that it becomes saturated with its
vapour and the vapour is then collected in a
suitable trap. Measurement of the amount of
material transported by a known amount of carrier
gas is used to calculate the vapour pressure at a
given temperature.
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2.1.2 Water solubility
The water solubility of a chemical is an important
parameter determining its environmental transport and
distribution. In addition, water solubility can affect adsorption
and desorption on soils and volatility from aquatic systems, as
well as possible transformation by hydrolysis, photolysis,
oxidation, reduction and biodegradation in water.
Definition
Water solubility of a pesticide is defined as its saturation
concentration in pure water at a given temperature. Water
solubility is generally expressed in g/l or mg/I, though the S.I. unit
is kg m-3 .
Criteria and test Sequence
Evaluation of water solubility should be carried ,out for every
pesticide which is stable in water during the required test period.
A preliminary test to establish the approximate value of solubility
is useful for the choice of the final method of measurement.
Test requirements
The purity of the test substance should be specified. Very pure
water (double distilled) has to be used. Temperature control is
needed and the limits within which the temperature is maintained
should be given. Tests are frequently carried out at 20°C. If
climatic conditions make it relevant and an environmental
gradient is expected, tests should be carried out at two
temperatures. Care has to be taken to avoid errors arising from
the aggregation of finely dispersed particles of hydrophobic
compounds.
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Appropriate test procedures
Several methods are reported in the literature (Refs. 1, 2, 3 and
4) but no single method covers the entire range of water
solubility. At least two methods are therefore needed; the first is
applicable to substances of low solubility (less than 10 mg/l) and
the second to substances of higher solubility (more than 10 mg/l).
Estimations of water solubility of pesticides can also be made by
chromatographic methods, such as high performance liquid
chromatography. (Ref. 5).
1.

Test for solubilities lower than about 10 mg/l (Ref.
4). The method is based on the elution of the
pesticide with water from a microcolumn which is
charged with an inert carrier material, such as glass
beads, silica gel, sand, or cromosorb and an excess
of test substance. The water solubility is
determined when the mass concentration of the
eluate is constant, tested at different flow rates. It
must be ascertained that the identity of the
pesticide is not changed during the procedure.

2.

Test for solubilities higher than about 10 mg/l (Ref.
4). The substance (pulverized if solid) is dissolved in
water at a temperature slightly higher than the test
temperature. 'When saturation is achieved, the
mixture is cooled and kept at the test temperature
under stirring as long as necessary to reach
equilibrium. Undissolved particles are removed from
the solution and the dissolved pesticide is
determined by a suitable specific analytical method.

3.

Test for solubilities of gaseous and volatile
compounds. No appropriate methodology can
presently be proposed.
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2.1.3
Octanol/Water Partition Coefficient
The octanol/water partition coefficient (P) is used
as indicator of bioaccumulation potential in living organisms.
Accumulation and transport of a chemical substance in living
organisms are governed by polarity, water solubility, affinity for
fatty tissues, and the nature of potential binding to biological
receptors. The octanol/water partition is a measure for the
distribution of a substance between the lipophilic and water
phases of thest system. It therefore serves as an indicator of
bioaccumulation potential in fatty tissues. Accumulation potential
is an important factor in hazard assessment. In conjunction with
data on degradation, accumulation potential may be used to
identify chemicals which may be transported via food chains.
Definition
The partition coefficient of a chemical between two largely
immiscible solvents is defined as the equilibrium ratio of the
molar concentrations (c) of the substance dissolved in the twophase system. For a dilute solution of a pesticide in the
octanol/water system, it is:
c (octanol)
P= _______________
c (water)

(1)

The partition coefficient, P, is a constant for a given pesticide at
a given temperature, and it is usually expressed in the form of its
logarithm to base ten (log P).
If the chemical does not dissociate or associate in water and
octanol, then equation (1) applies, provided that the
concentration in either phase is no more than 0.01 mol/I.
Deviations from equation (1) are indicated by the fact that the
partition coefficient becomes dependent upon the concentration
of the solutions.
Criteria and test sequence
The determination of octanol/water partition coefficient should
not be required for solid and liquid substances whose water
solubility is less than about 10 ug/l, or greater than 2 g/l.
Substances which dissociate or associate in water and/or
octanol will not show a constant value for P with varying
concentrations due to speciation effects. Because of the
multiple equilibria involved, the recommended method should not
be applied to compounds which reversibly ionize or protonate
and the use of buffer solutions in place of water should be
considered for such compounds.
A preliminary estimate of the partition coefficient can be done
by calculation (Refs. 1 and 2) or by use of the solubilities of the
test substance in the pure water (Sw) and octanol (So). In this
latter case the estimated value of P is given by the ratio So/Sw.
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Test requirements
A comparison between calculated and experimentally
determined P values (Ref. 2) is recommended.
Very pure solvents and active ingredient should be used.
Appropriate test procedures
Several methods can be used to measure the partition
coefficient in the laboratory. A commonly used method (Refs. 3
and 4) is to introduce the pesticide into octanol and water, to mix
the biphasic system thoroughly to assure equilibrium and
measure the concentration of the chemical in each of the two
phases. However, application of this technique becomes
increasingly difficult at higher values of lipophilicity (log P more
than 4).
Chromatographic methods based on high pressure liquid
chromatography (Refs. 5 and 8) and reversed phase thin-layer
chromatography (Refs. 6 and 7) are available from the technical
literature. The calculation methods of Hansch and Rekker and
the HPLC method have been proposed to be included in the
OECD test guideline No.107 (Ref. 9).
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2.2

FATE AND MOBILITY IN THE ENVIRONMENT
2.2.1 Fate in the envirorunent
2.2.1.1

Degradation in mammals and
plants
These are studied in great detail during the
work done to assess human safety and are not discussed in
detail in this section. (Refs. 1, 2 and 3).
REFERENCES
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Residue Chemistry, Plants: Part 171-4 (1982). (Ref. 3).
2.2.1.2
Degradation in soil
Studies on the degradation of pesticides in
soil will determine the rate and products of transformation in soil
that may be caused by microbiological , chemical and
photochemical processes. Despite the fact that microbial
degradation is the most important cause of pesticide
breakdown, a considerable amount of work has been done to
distinguish between these three causes of pesticide degradation
in soil. However, information as to whether a pesticide is
degraded in particular by microbial, chemical or photochemical
mechanisms can be considered of limited relevance from the
point of view of environmental safety.
Available information indicates that photochemical degradation is
not an important mechanism in the breakdown of pesticides in
soil. Furthermore, laboratory experiments have shown that
products identical with those resulting from microbial and
chemical reactions are often formed.
Criteria and test sequence
Degradation studies in soil should be required only for pesticides
likely to reach the soil when used according to recommendations.
Soil degradation tests should be carried out in the laboratory. If
the compound is shown to be persistent in these and laboratory
soil photolysis studies, simulated field or field tests should be
carried out.
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Test requirements
Pure pesticides or technical material may be used. However, for
studies on the products of degradation, the use of radiolabelled
material is recommended. For field studies, the formulated
material is preferred.
The amount of pesticide tested either in laboratory or under field
conditions should be in line with use recommendations. The soil
used should be freshly sampled agricultural soil, e.g. sandy loam,
preferably prepared according to procedures described in Ref.
8. Soil characteristics including pH, organic carbon, cation
exchange capacity, particle size distribution and water holding
capacity should be recorded.
An estimation of microbial activity at initiation of the study is
desirable. The use of stored standard. soil (Ref. 7.) should be
avoided. Rate studies should be carried out in a minimum of two
soils, whereas sufficient information on major degradation
products can be obtained from experiments in one soil only (Ref.
3).
The incubation temperature and the soil moisture should be
specified. Studies should normally be carried out under aerobic
conditions. However, when the pesticide is recommended for use
in flooded soils (e.g. paddyrice culture) laboratory studies should
simulate these conditions.
Appropriate test procedures
Laboratory tests
A summary and critical evaluation of experimental models
of degradation can be found in a series of pertinent
reviews (Refs. 1 to 4). Additional information can be
obtained from Refs. 5 and 6.
Field tests
Field test guidelines should follow the recommendations
for field residue trials (Ref. 9).. Acceptable procedures
can be found in Refs. 2 to 6.
Soil photolysis tests
Laboratory systems presently available have been
recently reviewed (Refs. 3 and 4). A more recent model
system is described (Ref. 10). Methodology is still under
development.
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2.2.1.3

Degradation in the aquatic
environment
Studies on the degradation of pesticides in
water give information on the rate and products of
transformations by hydrolysis, photolysis and biodegradation.
When studying aquatic systems, it should be recognized
that the bottom and suspended sediments of ponds, rivers,
streams, etc., in general play an important role in determing the
fate of pesticides. Since it is impossible to maintain the
environmental quaility of natural waters under laboratory
conditions, the considerations of water/sediment systems may
be more useful.
A short, simple evaluation of hydrolytic potential of the
compound is all that is generally necessary as a first stage. The
available data (Refs. 2 to 4) indicate that H+ and OH- contribute
significantly to catalyzed hydrolysis in natural freshwaters.
Hence laboratory studies in buffered water at a range of pH are
likely to yield those compounds which are also formed in natural
environments. Laboratory studies of the degradation of
pesticides in water/sediment systems do not normally take
account of natural photodegradation which is complicated by the
presence of light absorbers or photosensi tizers ( e.g. humic and
fulvic acids, and riboflavin).
Numerous laboratory methods for determining the fate of
chemicals in aquatic environments are quoted in the literature
(Ref. 1). However, for the incubation of natural water/sediment
systems under laborator conditions few generally accepted test
procedures: are available. Investigations of the fate of pesticides
in such systems together with studies of hydrolysis and
photolysis will, however be of value in understanding of their
behaviour in aquatic environments.
Criteria and test sequence
Studies are required for all pesticides applied directly to water
bodies or those for which their use their is likely to result in water
contamination. Tests on biodegradation, hydrolysis and
photolysis should generally be carried out under laboratory
conditions to determine rates and products of degradation. If
laboratory tests indicate that compounds may persist in the
aquatic environment at concentrations which could put aquatic
organisms at risk, simulated field or field tests should be
considered.
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Test requirements
1.
Hydrolysis.
The analytically pure active ingredient in sterile
buffered water should be used and the use of
radio-labelled compourds is valuable whenever
possible.
A single concentration should be tested at a level
approximating the likely environmental
concentration but not exceeding 50% of water
solubility. Where lack of solubility is a limiting factor,
the addition of organic solvents (e. g. acetonitrile) at
low concentration ( > 1%) may be necessary.
Alcohols should not be used.
Sealed, sterile containers are required to maintain
sterility and minimize volatilization. The test should
be carried out in darkness at pH values within the
ranges: acidic, pH 3-5.5, neutral, pH 5.5-8, basic,
pH 8-10 and each value separated by at least two
pH units.
2.

Aqueous photolysis.
Analytically pure active ingredient in sterile distilled
water should be used. The use of a commercial
formulation should be avoided as the constituents
may cause indirect photochemical reactions. For
ease of analysis, radio-labelled chemical should be
used wherever possible.
A single concentration should be tested at a level
approximating the likely environmental
concentration but not exceeding 50% of water
solubility.
Whilst this is necessary to minimize reactions which
would not occur at likely environmental
concentration, higher rates may be required to
facilitate identification of photoproducts. Where
solubility a limiting factor, a suitable nonphotosensitizing cosolvent ( > 1%) (e.g. acetonitrile Ref. 4) may be used. Alcohols should not be used.
The test should be carried out within the pH range
5-8 (preferably near neutrality) in air-saturated
distilled water. Studies at more than one pH value
may be necessary for compounds that ionize or
protonate.
Sterilized glass containers (capable of transmitting
290 nm and above) are required such that
biodegradation is eliminated and volatilization
minimized.)
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Artificial light sources are recommended and
should resemble sunlight in wavelength
distribution, especially in the UV region.
Xenon arc lamps are preferred. Mercury
lamps can also be used. Filters should be
included to eliminate wavelengths below
290 nm. The manufacturer's specification for
the lamp(s) and filters must be quoted.
However, consideration should be give to the
effect of ageing on the relative intensity of
different wavelengths. Chemical
actinometers could also be valuable in such
studies. Samples should be exposed to the
artificial light source for a sufficient period of
time to allow for the estimation of the halflife. Controls should be kept in the dark, all
conditions being able to quantify the
chemical contribution to any transformation
processes.
Although the rates photochemical reactions
are not appreciably influenced by
temperature the test should preferably be
carried out at constant temperature.
3.

Biodegradation studies
The sediment used should be analyzed for its pH
(beginning and end of study), organic carbon, cation
exchange capacity, particle size distribution and
microbial biomass. The water pH should also be
measured.
Pure or technical material may be used and the use
of radio-labelled pesticide is recommended for
studies on the products of degradation. Formulated
material is preferred for field studies. A pesticide
should be tested at levels approximating those likely
to occur in bodies of water when used as
recommended.
Test duration should not exceed three months.
In laboratory studies the incubution temperature
should be kept constant.

Appropriate test procedures
1.
Hydrolysis
If less than 10% degradation is observed in
preliminary hydrolysis studies at 50°C over a period
of five days the chemical can be considered
hydrolytically stable and will require no further
testing. If more than 10% degradation is observed,
a further study should be carried out at a lower
temperature. If the results then indicate the need
for further work, a number of test procedures of
varying degrees of complexity are available (Refs. 7
to 14).
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2.

Aqueous photolysis.
A number of procedures can be found in Refs. 8
and 9, many of which are of greater complexity
than are generally required. The procedure outlined
above in the test requirements should be adequate
in most circumstances.

3.

Biodegradation studies.
In the absence of generally accepted test
procedures the, following laboratory method is
suggested (Refs. 5 and 6). Water/sediment systems
representative of likely environmental application or
contamination sites. (e.g. ditches, rivers, etc.) should
be used. The water and sediment should be
collected from such environments either separetely,
to be mixed in the laboratory, or as water/sediment
cores. Where anoxic conditions are required in the
sediments, the water/sediment system should be
preincubated prior to application of the pesticide
and it may also be necessary to measure Redox
potential (Eh). Wherever possible, biometer flasks or
incubation systems with an air flow-through should
be used such that degradation products evolved
into the air may be collected. Procedures for field
studies are currently being developed (Ref. 8).
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of Environmental Chemistry, Vol. 2, Part D. Hutzinger, O. (Ed),
Springer-Verlag (1988). (Ref. 8).
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US Environmental Protection Agency. Toxic Substances Control.
Discussion of premanufacture testing policy and technical
issues; request for comment. Federal Register, 44, (53), 16
March, Part IV, 16268 (1979). (Ref. 11).
Gomma., H.M., Suffet, I.H., and Faust, S.D., Kinetics of
hydrolysis of diazinon aId diazoxon. Residue Reviews. 29, 171
(1969). (Ref. 12).
FRG BBA Verhalten von pflanzenbehandlungsmittel im Wasser
Teil 1. Hydrolyse und Verdampfung. Merkblatt 55 (1980). (Ref.
13)
OECD Test Guideline No. 111. Hydrolysis as a function of pH.
OECD, Paris (1981). (Ref. 14).
2.2.2 Mobility in the Environment
The mobility of a pesticide is its ability to move
within the environment and it is therefore important to consider it
as a determinant for the transport of the pesticide and its
degradation products. A number of characteristics, mostly
influenced by physical-chemical properties, are significant for the
prediction of mobility thus permitting estimates to be made on
the distribution between environmental compartments. Volatility,
adsorption/desorption aId leaching are the most important of
these.
2.2.2.1
Adsorption/desorption
Adsorption and desorption characteristics of
a pesticide in soil contribute to the prediction of the
environmental distribution of a chemical. Leaching in soil (e.g.
Ref. 6 of section 2.2.2.2) and volatilization from wet soil surfaces
are directly influenced by the adsorption/desorption equilibrium in
the soil/water system as this can define the extent to which a
chemical is available for degradation.
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Criteria and test sequence
The adsorption/desorption characteristics should be measured
for each pesticide likely to reach the soil or aquatic environment.
The stability should be known, before carrying out soil
adsorption tests. If degradation is rapid it is not necessary to
measure adsorption/desorption of the active ingredient. To be
able to define the range of pesticide concentrations to be
tested, the watersolubility of the substance should be known.
Test requirements
The test should be conducted using the active ingredient
preferably radiolabelled .
For the determination of the adsorption isotherm for a given
pesticide in a given soil, the study should be carried out with at
least four pesticide concentrations.
Studies in at least two soil types are recommended. The
characteristics of the soil used (soil pH, organic carbon, cation
exchange capacity and particle size distribution) should be
reported.
Appropriate test procedures
The most widely-used method for carrying out soil-pesticide
adsorption/desorption studies is the slurry procedure where soil
is shaken with aqueous pesticide solutions of known pesticide
concentrations until an equilibrium is reached.. The aqueous
suspensions are then separated by centrifugation or filtration
and the equilibrium concentrations in the water and if necessary
in the soil are determined either by direct analysis or after
extraction with an organic solvent.
Other methods used for soil adsorption include continuous flow
equilibrium (Ref. 1) and dialysis (Ref. 2) techniques. Although
other mathematical models are known, the Freundlich equation is
most frequently used to describe adsorption in soil. Test
methods for determining adsorption/desorption have been
recommended (Refs. 3 and 4).
REFERENCES
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Continuous flow methods for studying adsorption of herbicides
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Symp. Herbicides -Soil, p.70-79 (1973). (Ref. 1).
Hayes, M.H.B., Stacey, M., and Thompson, J .M. Adsorption of a
s-triazine herbicides by soil organic matter preparations isotopes
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2.2.2.2
Leaching
Data on the leaching behaviour of pesticides
are required for all compounds intended for agricultural use,
although the need for additional studies may be reduced when
measurement of adsorption/desorption coefficients on various
soils are available (Refs. 1 to 3). It has been shown that there is
a correlation between adsorption and leaching and thus the
adsorption constants can be used to estimate the mobility of
pesticides.
Criteria and test sequence
Soil plate or soil column chromatography can be used to evaluate
leaching of the parent compound. The column model is most
appropriate to show the leaching properties of the degradation
products of a pesticide after applying the parent compound.
Substances which are mobile and persistent may require
additional testing under field conditions, e.g. lysimeter studies
with undisturbed soil monoliths or field studies with/without
suction-lysimeters.
Test requirements
When plate or column leaching studies with the parent compound
are necessary either the active ingredient or formulated material
may be used. In field tests the formulations should be used.
The pesticide concentrations tested in the laboratory should
have a realistic relationship to recommended doses, and field
leaching studies should be carried out at the recommended rate
for the pesticide.
Soil from the same sample as used for the degradation study
should be used to study the leaching of pestiqide degradation
canpoUlds in a soil '1 column model. The need for such a study
will depend on the amounts and on the stability of the
degradation compounds. Characteristics of the soil used in
laboratory studies (pH, organic carbon, cation exchange
capacity, particle size distribution, water holding capacity) should
be recorded.
Test locations for field leaching studies should be selected
according to the recommended use of the pesticide.
Meteorological measurements, such as temperatures, rainfall and
cropping should be recorded as well as soil characteristics.
Appropriate test procedures
Several published methods covering a range from simple
laboratory tests to field studies simulate the leaching behaviour
of pesticide chemicals in soil.
Soil layer chromatography
Soil thin and thick layer chromatography are simple valuable.
techniques to indicate the mobility of a pesticide in a soil (Refs.
4, 5 and 6). The soil to be tested is used as adsorbent and
distilled water (on aqueous 0.01 M CaCl2 or Ca(NO3)2 solutions)
as the mobile phase.
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Soil columns
A review of appropriate, soil column studies is given in Ref. 7.
Lysimeters
Lysimeters with undisturbed soil monoliths can be useful models
to study the fate of pesticides in soil/plant systems under
outdoor conditions. Standardized model lysimeters are described
in Refs. 8, 9 and 10.
Field leaching
The key problem in the investigation of field leaching is the
appropriate method of sampling in order to avoid contamination
of the lower soil layers by soil particles from the upper layers.
Sampling is best accomplished with special drilling devices to
obtain undisturbed soil cores ( Refs. 11 and 12). Sampling of soil
water by suction probes is a further technique used to study the
leaching of a chemical under field conditions (Ref. 13).
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(19.75). (Ref. 12).
Reeve, R. C., and Doering, E. J. Sampling the soil solution for
salinity appraisal. Soil Science, 99: 339-344 (1965). (Ref. 13).
2.2.2.3
Volatility
Volatilization can be a way of redistribution of
pesticides between air, soil and water. When the vapour pressure,
the water solubility and the soil adsorption/desorption
characteristics are known, an estimate can be made whether
volatilization is likely to occur under practical conditions.
Criteria and test sequence
Evaluation of volatilization should be made for all compounds
likely to enter the soil or aquatic environment. Volatility tests
should not be necessary for compounds which can be
considered non-volatile from soil and water as predicted from
soil/air and water/air distribution coefficients which can be
calculated by using water solubility, vapour pressure and soil
adsorption (Refs. 1 to 3). Information on the volatility of
pesticides and degradation products can also be obtained
from degradation studies in air flow-through systems. Field
studies should only be required where indicated by prediction or
results from laboratory studies.
Test requirements
Actual volatility in a field situation will depend upon a variety of
factors (e.g. soil characteristics, meteorological data), therefore
careful recording and reporting of the experimental conditions
will be necessary. Field studies should be conducted with the
formulated products at the recommended dosage.
Appropriate test procedures
Procedures for measuring volatilization have been published for
laboratory studies (Refs. 1 to 3) and field studies (Refs. 4 to 7).
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2.3

EFFECTS ON THE ENVIRONMENT

2.3.1 Vertebrate wildlife mammals and birds
Data generated for all pesticides during the mammalian
toxicology and metabolism programme will indicate the general
toxicological properties of the compound, its mode of action as
well as the target organs and functions. Such information is
useful in identifying hazards to other groups of organisms.
For birds, particular attention should be paid to situations where
the use of the compound could result in significant exposure,
such as use in seed dressings and formulation as baits and
granules.
Criteria and test sequence
Basic data should be generated for all pesticides intended for
outdoor use.
Results from the mammalian toxicology programme can be used
to better indicate any potential hazards to wild mammals.
For birds, the test sequence should begin with an acute oral
toxicity (LD50) study for one species. If the use of the compound
is likely to result in considerable exposure to birds and/or the
results of toxicity studies with mammals indicate cumulative
action, a five-day dietary exposure study should be carried out
with one species of bird. Additional species should, however, be
tested if the use of the compound could result in hazardous
exposure, or if the results of mammalian toxicity studies show
significant interspecific variation in susceptibility.

35

Where cumulative effects or the potential for accumulation are
indicated together with prolonged and significant exposure,
longer-term laboratory studies should be considered, including an
investigation of possible effects on reproduction. If accumulation
occurs, it may be desirable to characterize and quantify residues
in appropriate organs, so that the toxicological significance of
residues found under conditions of commercial use of the
compound can be assessed.
Field cage tests may be required if the oral toxicity of a
compound, when considered in terms of likely exposure levels,
indicate that birds may be at risk. Cage tests should be
undertaken with the formulated product based on the
recommended application rate. The test should simulate as
closely as possible application methods recommended for
commercial use.
If after laboratory and field cage studies doubts remain whether
the level of safety is sufficiently high, field trials should be
carried out with the formulated product. The use of the
compound in such studies (i.e. formulation type, application
method and dosage rate:) should accurately reflect
recommendations for commercial use.
Test requirements
There should be no significant mortality among controls in
laboratory tests. Compounds can be tested as either technical
material or formulated products.
Suitable bird species include quails and the mallard duck. The
domestic hen is not considered to be an appropriate species for
use in such tests. All birds should be pen reared. Specimens
collected from the wild are not suitable since their previous
history and age are not known.
Appropriate test procedures
Laboratory tests
Avian single dose LD50 test
Appropriate test procedures are given in Refs. 1
and 2. The compound dispersed in water or another
inert carrier and administered either by intubation or
by inserting a gelatin capsule containing the test
compound into the proventriculus or crop.
Suitably spaced dosage levels should enable an
LD50 to be calculated. For compounds with low
toxicity, an approximate LD50 or a threshold value is
generally acceptable.
Avian reproduction studies
For certain compounds, it may be necessary to
investigate possible effects on reproductive
parameters. Appropriate guidelines are given in
Ref.4.
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Field studies -birds and mammals
Useful protocols for carrying out such studies are
given in Ref. 5. Further recommendations for field
studies are given in Refs. 6, 8 and 9. A protocol for
large-scale field studies has also been developed by
the United States Environmental Protection Agency
(Ref. 7). It should be noted that field studies with
mammals and birds are difficult to carry out and
the results may be difficult to interpret. The
objectives of such a study should therefore be very
clearly defined at the planning stage. More
generally, methodology in this area is still being
developed.
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2.3.2 Non-target aquatic organisms
Assessment of hazard to non-target aquatic
organisms is based on the results of toxicity tests with fish,
aquatic invertebrates and phytoplankton. Interpretation of the
results of such tests should take full account of physicochemical processes which influence exposure in natural waters,
such as solubility, sorption and degradation. Also, populations of
aquatic invertebrates and phytoplankton are generally
characterized by high intrinsic rates of population growth, and
affected populations can recover rapidly following termination of
exposure. Effects on such groups are therefore particularly
dependent on the persistence of the compound in the aqueous
phase. If persistence is short and exposure levels are low
compared with the LC50 values from toxicity tests, then it is
likely that any effects on these groups will be of Iittle ecological
significance.
Criteria and test sequence
The toxicity of a pesticide to aquatic organisms should be
investigated if it is intended for outdoor use.
The test sequence should commence with laboratory tests for
acute toxicity. Longer-term toxicity studies can be indicated for
compounds applied directly to water bodies. bioaccumulation
studies with fish can be required for compounds with sufficient
stability in water if the octanol/water partition coefficient is
greater than 1000 (log Pow >3) and the water solubility less than
1.0 mg/l. Such studies should be designed to measure rates of
both uptake and elimination from tissues.
If the results of laboratory studies do not allow an adequate
hazard assessment to be made, then simulated field, and field
studies may be helpful. The aims of field experiments should be
clearly defined at the planning stage. In general, such studies
should include investigation of the fate and effects of the
compound in the aquatic ecosystem and enable observations to
be carried out on recovery of affected populations. In some
cases, it may also be possible to investigate indirect effects on
the various species in the system (e.g. effects on fish growth,
possible induction of algal blooms).
Test requirements
There should be no significant mortality in the controls in
laboratory tests.
Pesticides may be tested as either technical grade materials or
formulated products. Solvents and dispersants maybe,
necessary to prepare the test solutions. Such materials must be
of proven low toxicity to the test organism, and
solvent/dispersant controls should be included the test system.
The water used to prepare test solutions should be of known
quality or reconstituted to fulfil established criteria, as outlined in
the guidelines.

38

Methods for fish toxicity and bioaccumulation studies can utilize
static, semi -static or continuous flow procedures. The method
used should be selected according to prevalent circumstances,
taking specific account of the physical properties of the
compound and its stability in water.
Concentrations of the test material in water should be
determined at intervals (determined by the stability of the
compound in water) to quantify exposure concentrations. Any
disparity between measured and nominal concentrations should
be noted and taken into account when analyzing the data and
interpreting results.
Appropriate test procedures
Acute toxicity to fish
Several comparable procedures (Refs. 1, 2, 3 and
4) are well established and widely accepted.
Compounds should be tested at suitably spaced
concentrations to enable LC50 values to be
calculated. LC50 values should be calculated for the
total exposure period (generally of 96 h), and
intermediate mortality figures should also be
provided.
Prolonged exposure to fish
If it is anticipated that fish will be exposed to
chemicals for extended periods of time, or if the
results of acute toxicity tests indicate that the
mortality rate or morbidity are still substantially
increasing during the later part of the test, then it
may be appropriate to carry out a prolonged
toxicity test. A suitable procedure is described in
Ref.5.
Studies assessing effects on early life stages of
fish may be useful substitutes for whole life cycle
studies. Appropriate guidelines are given in Ref. 6.
Bioaccumulation studies with fish
Suitable procedures are described in Refs. 7 and 8.
Concentrations of the test compound in water
should be sufficiently low to prevent any mortality.
Such studies should seek to measure the
magnitude, rate of take and elimination of the
compound, and results should be interpreted in
relation to expected environmental concentrations.
Toxicity to other aquatic organisms
The water flea, Daphnia magna, is widely used as
an appropriate test species to indicate possible
effects on aquatic Crustacean, which are generally
considered to be highly susceptible to pesticides.
These organisms are important as fish food, and
may also be ecologically significant components of
aquatic invertebrate communities.
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Methods for acute toxicity tests with daphnids are
given in Refs. 9, 10 and 11. Ref. 9 includes a
Daphnia reproduction test.
In some circumstances, it may be considered
appropriate to investigate toxicity to aquatic algae,
which fulfil the role of primary producers in
the aquatic food chain. A suitable experimental
procedure is described in Ref. 12.
Field studies
Recent years have seen significant advances in the
development of methodology for simulated field
studies to investigate the fate and effects of
pesticides in aquatic systems. Such experiments
may be based on the use of whole experimental
ponds or the use of enclosures within water bodies.
Experiments should be designed to investigate both
the fate and effects of the compound in the
aquatic environment, and may include provision for
assessing possible indirect effects on specific taxa.
The design of such studies should take full account
of the phyico-chemical properties of the test
compound. Method development work is ongoing in
this area and readers are referred to Refs. 13 and
14 for relevant information concerning the design
and execution of such studies.
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Crossland, N.O., Wolff, C.J.M. (Outdoor ponds: their construction,
management, and use environmental toxicology. In: The
Handbook of Environmental Chemistry, Vol. 2, Part D. Hutzinger,
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2.3.3 Soil non-target micro-organisms and
earthworms
Soil micro-organisms are very resilient to
perturbation and major changes in micro-organism populations
can occur under natural conditions without adverse effects on
soil fertility. Thus, major changes in one component of the flora
can be compensated for by other components of the flora so
that overall functions are not substantially disturbed.
It is therefore generally accepted that studies of pesticide
effects on soil micro-organisms should be directed towards
investigating possible effects on soil functions rather than on
specific organisms. While information concerning pesticide
effects on these functions can sometimes be useful in predicting
possible effects on soil fertility, data should not be overinterpreted. Both the magnitude and duration of any effects
observed should be considered.
criteria and test sequence
When data concerning relevant physical and chemical properties,
spectrum of activity, environmental fate and use pattern indicate
the possibility of adverse effects on soil micro-organisms, studies
should be selected from the following test sequence.
Studies of pesticide effects on soil micro-organisms are required
in a few countries. They are usually performed as laboratory
tests to investigate effects on overall function as indicated by
respiration rates (C-cycle) and/or on nitrogen transformations (Ncycle).
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Some authorities require data concerning effects on
earthworms. The test sequence should begin with a simple
laboratory toxicity test. If the results of this test indicate
significant toxicity, field experiments can be carried out to assess
the hazard on the population level. Studies on methodology and
significance of results are still under developnent.
Test requirements
Soil microflora
Pesticides can be tested as either technical grade
materials or formulated products. Dosages tested
should have a realistic relationship with
recommendations for use.
One or two typical agricultural soils ( e.g .a sandy
loam and a loam with different organic carbon
content) should be used in these studies. It is
essential that the handling and storage of samples
to be used in laboratory experiments should follow
recognized procedures, as discussed in Ref. 1. Soil
characteristics such as pH, organic carbon content,
cation exchange capacity, particle size distribution
and water holding capacity should be recorded.
Earthworms
There should be no significant mortality in controls
in laboratory tests. Compounds can be tested in the
laboratory as either technical grade material or
formulated products.
Field experiments should be performed on plots
(e.g. on grassland) containing a sufficient number of
earthworms to allow statistical comparisons with
untreated controls. Dosages used in field studies
should reflect those recommended for commercial
use, and experiments ,should be designed to ensure
that they give a reliable indication of major effects
which could occur under conditions of commercial
use.
Appropriate test procedures
Soil microflora
As noted above, there is general agreement that
“functional’ approach should be adopted when
investigating pesticide effects on soil microorganisms. Following several international symposia
and workshops held between 1973 and 1985,
"Recommended Laboratory Tests for Assessing the
Side Effects of Pesticides on Soil Microflora have
been published. (Ref. 2), including proposals
concerning interpretationof results. This reference
should be considered as a key source document by
those concerned with assessing pesticide effects
on soil micro-organisms.
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Earthworms
The toxicity of pesticides to earthworms can be
investigated in the laboratory using the method
described in Ref. 3. A suitable species which can be
reared in the laboratory is Eisenia foetida.
Ref. 4 provides an appropriate experimental design
for assessing effects on earthwonn populations in
the field. Earthworm populationsare generally
sampled using the method described in Ref. 5,
although al ternative techniques are available
(Ref.6).
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2.3.4 Honey Bees
Bees may be at risk from pesticide applications to
crops in flower, crops containing weeds in flower and crops
infested with aphids which produce honeydew, which can be
attractive to bees. Exposure can occur by direct contact with
spray droplets, by contact with residues on plant material
(including pollen, both during foraging and following transfer of
pollen to the hives), and by drinking spray solution.
Criteria and test sequence
Data should only be required for compounds with a use pattern
which may put bees at risk, e.g. not for pre-emergence
herbicides, seed dressings, granules or stored products.
A useful tool in guiding the decision-making process at the
laboratory stage is the hazard ratio (Ref. 1): dose/ha (highest
recommended dose in g a.i./ha)/LD50 (lower value from oral and
contact LD50 tests in ug/bee). This function relates the results of
laboratory toxicity. tests to projected commercial dose ,rates
and can thus provide an indication of hazard under field
conditions.
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Test requirements
Laboratory studies can be carried out using either technical
grade materials or formulated products. There should be no
significant mortality in the controls in laboratory tests.
Appropriate reference compounds should be included in acute
toxicity tests. Rates used in laboratory experiments other than
acute toxicity tests should be within the range of possible
exposure resulting from the commercial use of the compound.
The design of simulated field and field experiments should
reflect the use recommendations of the compound if these are
likely to put bees at risk. Appropriate reference compounds
should be included in field experiments. These experiments
should include assessments of both short-term effects (e.g.
mortality and behaviour) and longer-term effects (e.g. monitoring
colony development). It may also be considered appropriate to
investigate the fate of residues in pollen, honey and wax.
Appropriate test procedures
A series of symposia organized by the International Commission
for Bee Botany has resulted in recommendations for the
harmonization of appropriate laboratory, simulated field and field
methods for assessing the hazard of pesticides to bees. These
methods are summarized in Ref.2. Other relevant documents are
Refs.3, 4 and 5. Requirements and methods in different
countries vary widely.
Laboratory tests
Oral toxicity
The test compound should be dispersed in sugar
solution or honey water and presented to individual
or small groups of worker bees at a range of
dosages such that LD50 values can be calculated.
Relevant test procedures are described in Ref.2.
Where necessary, the compound can be solubilized
using acetone.
Contact toxicity
The compound should be dispersed in acetone
acetone topically applied to individual worker honey
bees at a range of doses such that an LD50 value
can be calculated. Suitable test procedures are
described in Ref. 2.
Residual toxicity
Laboratory methods have been developed for
assessing pesticide residues to honey bees (e.g.
Ref. 6). Such tests can be useful for indetifying
compounds and formulations which are repellent to
bees and for investigating possible effects of
ageing of residues on their toxicity. The nature of
the substrate tested must documented. Tests with
plant material, will provide the most meaningful
data.
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Field experiments
Simulated field tests
In many cases, much of the information from a fullscale field trial (see below) can be obtained using
the simulated field techniques of small-scale field
cages and "tunnel” tests. Appropriate procedures
are, described in Refs. 2 and 5.
Full or open field tests
If the hazard presented by a compound to bees
cannot be determined using the laboratory or
simulated field tests, it may be necessary to
undertake a large scale field study. The results
have to be compared with an untreated plot.
Suitable procedures are described in Refs.2, 4 and
7. Observations on the general condition and
development of the experimental hives should be
carried out for an extended period of time following
initial exposure to investigate possible longer term
effects on the colonies. Biological observations
should be complemented by a programme of
residue analysis to investigate possible transfer of
residues to hives and to determine the fate of
residues in the colonies.
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2.3.5 Predatory and parasitic arthropods
Effects of pesticides on predatory and parasitic
arthropods are important where integrated pest management
practices are implemented (Refs. 1 and 2). However, it should be
noted that assessment of the effects of pesticides on predatory
and parasitic groups comprises only one component of the
developnent of integrated pest management programmes.
Criteria and test sequence
Data should only be required for compounds intended for use in
integrated pest management programmes.
The stepwise test sequence may include laboratory toxicity
tests, but greatest weight should be placed on data from
simulated field and field studies where predator/pest and
parasite/host interactions are well understood. Where a claim is
made for selectivity or for use in integrated pest management
programmes, observations from actual use programmes should
be required.
Test requirements
The importance of particular test organisms as natural pest
control agents should be well established prior to studies
commencing. Methods for assessing the relative importance of
different taxa are described in Ref.3.
Laboratory experiments should be designed to generate data
from which a conclusion can be drawn concerning relative
toxicity to predator /parasite and prey/host.
The aim of simulated field and field studies should be clearly
defined prior to drawing up experimental protocols and the
design of such studies should reflect the recmmended use
pattern of the compound. As with the laboratory studies, the
experiment should be designed to generate data concerning
effects both on predator /parasite and prey /host groups. Field
experiments should be of sufficient duration to identify possible
effects such as pest "resurgence". It is important that results
from field trials should be interpreted in relation to function (i.e.
ecological significance).
For example, any changes in the abundance of a particular
predator/parasite should be considered in relation to, overall
effects on the prey /host relation and to species succession.
Appropriate test procedures
Methodology in this area is still under development.
The International Organization for Biological Control
working group “Pesticides and Beneficial
Organisms” has published a series of guidelines
(Ref. 4) for methods for assessing the effects of
pesticides on a range of entomophagous groups,
including entomopathogenic fungi. These guidelines
should be regarded as illustrative of an
experimental approach, rather than providing
definitive methodology. Other approaches are
described in Ref. 5.
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Refs. 6, 7 and 8 are recommended to give
background information concerning the application
of data concerning pesticide effects on
entomophagous groups to the development of
integrated pest management programmes.
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2.3.6 Plants
Effects on non-target plants can be extrapolated
from data generated in screening tests and subsequent field
testing. Additional testing for phytotoxicity is therefore not
necessary.
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GLOSSARY OF ABBREVIATIONS AND
ACRONYMS
a.i.:

Active Ingredient

EEC:

Expected Environmental Concentration ( = PEC)

g:

Gram(s)

ha:

Hectare

HPLC:

High Performance Liquid Chromatography

ISO:

International Standardization Organization

IUPAC:

International Union of Pure and Applied Chemistry

kg:

Kilogram(s)

I:

Litre(s)

LC50:

The concentration required to kill 50% of test
organisms

LD50:

The dose required to kill 50% of test organisms

LOEC:

Lowest Observed Effect Concentration

mg:

Milligram ( s)

nm:

Nanometre(s)

NOEC:

No Observed Effect Concentration

Pa:

Pascal

PEC:

Predicted Environmental Concentration ( = EEC)

SI:

Systeme International (Units)

w/w:

Proportion by weight

ug:

Microgram(s)
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