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Abstract: Over 800 pesticides are currently approved for use in one or more EU countries. The

maximum residue levels (MRL) for agricultural pesticides are derived from field trials conducted

under good agricultural practice (GAP). The MRL is a legally enforceable limit related to GAP. The

results from field trials would only be used to establish MRLs if the estimated intake of residues did not

exceed the acceptable daily intake (ADI) or acute reference dose (ARfD). However, the MRL is not

linked to the ADI or ARfD, and could result in intakes considerably below the ADI/ARfD. This

disconnection between hazard characterisation (ADI/ARfD) and potential exposure assessment

(MRL) means that risk characterisation of pesticide residues is less transparent than for other

chemicals present in human food. Residue levels at or below the MRL would not give intakes that

exceed the ADI/ARfD but, despite this, there is public concern over such residues. Residue levels above

theMRL have to be analysed on a case-by-case basis to determine if the intake could exceed the health-

based limits. Other causes of public concern, such as the presence of multiple residues, are currently

under investigation.
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1 INTRODUCTION
The term ‘pesticide’ is a general term that includes

compounds used for a wide variety of purposes to

control a range of living organisms. It includes animal

and bird repellents, food storage protectants, insecti-

cides and acaricides, mould-killing substances, anti-

fouling products, plant growth regulators, compounds

used to prevent the growth of lichen and mosses etc on

buildings, rodenticides, soil sterilants, weed killers and

wood preservatives. Pesticides may be subdivided into

two main groups

. Agricultural pesticides—those used in agriculture,

horticulture and forestry, and weed killers around

water courses and non-agricultural land such as

roads and railways

. Non-agricultural pesticides—those used for wood

preservation, treatment of masonry, anti-fouling

agents, and for control of insects for public hygiene

purposes.

In addition, some pesticides are used as veterinary

and/or human medicines. In consequence, humans

may be exposed to pesticides via a wide range of

different exposure scenarios. This paper concentrates

on the residue levels of pesticides used for agricultural

purposes in human food, and on the procedures that

are in place in the UK to ensure that human exposure

does not result in significant adverse health effects.

2 THE RISK ASSESSMENT PARADIGM
There is an established paradigm for the risk assess-

ment of chemicals either added intentionally or

occurring accidentally in the human food supply (Fig

1). The risk assessment paradigm1 can be divided into

three major steps: (1) hazard identification and

characterisation, the result of which would be the

estimation of a level of human exposure that would be

without significant adverse health effects, (2) an

estimation of the potential intake by humans from

the diet and other sources, and (3) risk characterisa-

tion which compares the estimated or potential intake

with the ‘safe’ intake derived from hazard character-

isation.
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2.1 Hazard identification and hazard
characterisation
No pesticide is approved for agricultural or other use

without an assessment of its potential health implica-

tions. Hazard identification involves a series of in vitro
and in vivo studies to define those biological properties

of the chemical that could lead to adverse effects if the

dose were sufficiently high. The tests required for

approval of a pesticide are given in Table 1. In all tests

the exposure level of the test organism (microbial, cell

line or in vivo animal studies) is increased until an

adverse effect is produced. There are international

guidelines for the conduct of studies used for risk

assessment in order to ensure the reliability of the

data.2 Hazard identification is primarily aimed at

defining the potential adverse effects of the compound,

whereas hazard characterisation is concerned with

defining the dose or concentration–response relation-

ships, in order to establish intake levels that would be

without significant health effects in exposed humans.

Hazards identified from such studies can be divided

into two main types. Threshold effects are those in

which the mechanism of action requires the presence

of sufficient chemical to perturb normal homeostatic

processes, and in consequence the dose–response

relationship may show a threshold below which no

biologically or statistically significant response would

be produced. Non-threshold effects are those biologi-

cal actions, such as genotoxicity, for which there may

be no threshold in the dose–response relationship

based on the potential mechanism of action. This

difference in the nature of the hazard has significant

implications for the hazard characterisation step1 (Fig

2). For effects showing a threshold, the dose–response

data can be extrapolated to humans by the use of

uncertainty or safety factors (which are discussed

below). For non-threshold effects it is assumed that no

level of exposure is without some risk. In the USA the

dose–response for non-threshold effects is extra-

polated down to human intake levels (Fig 2). The

results of such extrapolation are dependent on the

mathematical model used to extrapolate from the dose

given to experimental animals and human exposures,

which normally differ by four to five orders of

magnitude. In the UK the output of low-dose extra-

polation is considered too inaccurate to use for risk

assessment, and exposure to such compounds is kept

to the minimum level that is reasonably achievable. A

pesticide that showed genotoxic or other non-

threshold properties would not be approved for use.

For compounds showing thresholded effects, the

complete database is assessed in order to determine

the effect that is relevant to humans and that is seen at

the lowest doses (the critical effect).1,2 The dose–

response relationship for the critical effect, in the

species in which the adverse effect is produced, is used

as the basis for defining an acceptable level of human

exposure (Fig 2). For pesticides, there are three

outputs of hazard characterisation3

. ADI (acceptable daily intake)—the amount of a

chemical that can be consumed every day for a life-

time in the practical certainty, on the basis of all

known facts, that no harm will result

. ARfD (acute reference dose)—the amount of a

chemical that can be consumed at one meal or on

Figure 1. The risk assessment paradigm.

Table 1. Main toxicity tests for hazard identification in animals

Genetic toxicity Short-term tests designed to determine activity at a variety of end-points; utilise both bacterial and

mammalian systems

Acute oral toxicity Single dose study to define the extent of toxicity in the absence of other data

Short-term toxicity Repeated daily doses for 14–28 days; provide useful indicators of toxic potential when allied to

sensitive clinical and pathology tests; may be used to determine ARfD

Sub-chronic toxicity Repeated daily doses for 90 days; provide information on major site(s) of toxicity and effects; useful

for designing chronic studies; may be used to determine ARfD or ADI (depending on other data)

Long-term (chronic) toxicity

and carcinogenicity

Repeated daily doses for one year in non-rodents, or 2 years in rodents; data from these studies are

frequently the basis of risk assessment and determination of the ADI

Reproductive toxicity Repeated daily doses before, during, and after gestation to determine effects on the developing

foetus and neonate and possible inheritable effects; may determine ARfD and/or ADI

Immunotoxicity Investigations on the structure and/or functioning of the tissues and cells responsible for the activity

and integrity of the immune response; integrated into short-term and sub-chronic studies; may

determine ARfD and/or ADI

Neurotoxicity Investigations of structure and functioning of the nervous system, eg tests of behaviour; integrated

into short-term and sub-chronic studies; developmental neurotoxicity studies are of increasing

importance for testing pesticides; may determine ARfD and/or ADI
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one day in the practical certainty, on the basis of all

known facts, that no harm will result

. AOEL (acceptable operator exposure level)—a level

of daily exposure that would not cause adverse

effects in operators who work with a pesticide

regularly over a period of days, weeks or months.

Similar outputs and definitions are made at an

international level by the Codex Committee on

Pesticide Residues.4

2.1.1 The ADI (acceptable daily intake)
The ADI is derived from the complete safety database

with the aim of defining a level of exposure that could

be taken every day throughout life. In nearly all cases

the results of sub-chronic or chronic studies (see Table

1) result in the greatest response for the critical effect.

From the dose–response relationship for the critical

effect in the appropriate study, an intake in experiment

animals that would be without adverse effects is

defined; this is called the no-observed-adverse-effect-

level or the NOAEL. To convert the NOAEL, which

represents a ‘safe’ dose for a group of experimental

animals, into an ADI that would be applicable to the

human population requires a consideration of both

interspecies differences and human variability. For the

vast majority of critical effects that are produced by

environmental chemicals, including pesticides, there

are no direct experimental data from studies in

humans that could be used to address species

differences or individual variability in sensitivity to

the chemical. In consequence, allowance has to be

made for the magnitude of any possible but undefined

differences, and traditionally default uncertainty, or

safety factors of 10-fold have been applied to allow for

each of these aspects (Fig 3). In consequence, the

NOAEL for an animal study is usually divided by an

uncertainty factor of 100 (10�10) to convert the ‘safe’

daily intake in experimental animals into an ADI. This

pragmatic approach has been used for over 40 years,

and has been the subject of criticism as being either too

conservative, because the ADI is 100-fold below the

NOAEL, or too liberal, because of the wide inter-

species differences in response to some chemicals and

the known human variability in the metabolic fate of

environmental chemicals. A number of reviews of the

validity of the 100-fold default uncertainty factor have

confirmed that this is a reasonable value overall,5–16

although some situations were identified where a

factor of 100 may be inadequate.6,13 The proposal

Figure 2. The influence of the nature of
the hazard on the risk assessment
procedure adopted. Low-dose risk
extrapolation is not accepted as valid in
the UK and levels would be reduced to
the lowest reasonably practicable.
Pesticides showing non-threshold
effects would not be approved.

Figure 3. The use of uncertainty (or
safety) factors to extrapolate from
inactive doses in animals (the NOAEL)
to an exposure that is without
significant adverse health effects to an
average human, and from average
humans to potentially sensitive
sub-populations.
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that the 10-fold factors for inter-species differences

and human variability should be subdivided into

toxico-kinetic and toxico-dynamic aspects11,12 would

allow appropriate chemical-specific data to be incor-

porated into the risk characterisation process.

2.1.2 ARfD (acute reference dose)
The ARfD is derived in a manner analogous to the

ADI, but with attention paid to short-term effects.17–20

The object of the ARfD is to provide a measure of

exposure that relates to the hazards occurring during

short-term exposure. The ARfD is particularly appro-

priate for pesticide residues, because the non-uniform

distribution of residues within food crops may result in

some individuals being exposed to above average levels

for short periods of time. The NOAEL for the critical

effect in the short-term study (which may be a different

effect from that used to derive the ADI) is divided by

the default uncertainty factor (usually 100) to calcu-

late the ARfD. In cases where the dose–response

relationship for the critical effect is lowest in short-

term studies, then both the ADI and the ARfD would

be based on the same end-point and would have the

same numerical values.

2.1.3 AOEL (acceptable operator exposure level)
AOELs are derived from the safety database in a

manner similar to the ADI, except that the more

limited duration of exposure with respect to the

working week is taken into account. The variability

inherent within a group of workers could be lower than

with the general population, which would include

infants, children and the elderly, and in some cases

different uncertainty factors may be used.

3 INTAKE ESTIMATION
The potential intake of a pesticide is considered prior

to approval in order to ensure that the exposure levels

would not exceed the ADI, ARfD or AOEL as

appropriate. The estimation of intake prior to approval

for agricultural pesticides differs from that undertaken

for food additives and veterinary drug residues (which

may include some pesticides). For food additives, the

petitioner for approval includes evidence of a case for

need in relation to a number of food products, and

submits proposed use levels (Fig 4). These proposed

use levels, combined with dietary intake data for the

food commodities in which the additive would be

used, are used to calculate the potential daily intake

prior to approval. For veterinary drug residues, it is

assumed that the residue may be present in any, or all,

of the following: liver (100g), kidney (50g), muscle

(300g), fat (50g), milk (1.5 litres), eggs (100g), honey

(20g). The ADI would be allocated across these

different food commodities according to the nature of

the veterinary drug therapeutic approval and the

known tissue distribution of the residue in the carcass

in order to establish maximum residue levels (MRLs).

The withdrawal period between dosage and slaughter

is then established such that the residue levels at the

time of slaughter will be below the MRLs, which by

definition would result in an intake below the ADI (Fig

5). The MRLs are statutory across the EU and are

legally binding. In contrast, the MRLs for agricultural

pesticides are not based on the ADI or ARfD and are

not ‘health-based’ limits.

3.1 MRL (maximum residue level)
For agricultural pesticides, the MRL is derived from

trials performed according to good agricultural prac-

tice (GAP); the MRL is not based on the ADI, so that

there is an apparent disconnect between the MRL and

the ADI (Fig 6). However, the risk characterisation

step involves comparison of the potential intakes due

to residues arising from pesticide use according to

GAP with the ADI, or other health-based exposure

limits, such as the ARfD (Fig 7). The MRL is the

maximum concentration of pesticide residue legally

permitted in or on food commodities or animal feeds.

MRLs are based on supervised field trials in which the

pesticide is used under the intended conditions of

agricultural use, and the crop is harvested after what is

considered to be an appropriate time interval. The

concentrations of pesticide residues in the crop at the

end of the field trials are analysed. The potential

Figure 4. Risk assessment for food additives.

Figure 5. Risk assessment for veterinary drug residues.
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intakes from these residues are then calculated and

compared with the ADI and ARfD as outlined below.

If these comparisons indicate that use of the pesticide

under the conditions of the supervised field trials

would not give rise to intakes that would exceed the

ADI or the ARfD, the pesticide would be approved for

use under those conditions (Fig 7). If, however, the

estimated intakes would exceed either the ADI or the

ARfD, the pesticide would not be approved for use

under the conditions of the supervised field trial. The

applicant would then be able to reconsider the

conditions of the field trial, for example, by using

lower concentrations of the pesticide (providing that

this was still effective) or by extending the period

between treatment and harvesting. The new proposed

conditions of use under GAP would then have to be

subject to further supervised field trials and residue

analyses, and a further risk characterisation of esti-

mated exposure and ADI/ARfD would be undertaken.

The pesticide would only be approved for use under

the conditions in which the residue levels would not

exceed the ADI or ARfD, and the MRL would be

determined from the residue data derived from the

appropriate supervised field trial.21 The MRL is

derived from a statistical analysis of the residue data

from the field trial, and usually approximates to the

highest residue level detected in the trial.21

The MRL is not a health-based exposure limit, and

in many cases the product of the MRL times the

potential intake of the commodity will give total

intakes that are well below the ADI. The principal

aim of the MRL is to establish a legally enforceable

limit, compliance with which can be used as a measure

of compliance with GAP. In some cases the product of

the MRL times the potential intake may exceed the

ADI, but this is an unrealistic exposure scenario

because no individual would consume the commodity

with residue levels at the MRL every day throughout

life.

The estimations of potential intakes based on

residue levels in the field trials in relation to the ADI,

ARfD and AOEL are complex. The AOEL is derived

for occupational exposure for which the dermal route

is usually the most important. Foreign compounds

may be only very poorly absorbed across the skin, and

therefore estimation of occupational exposure is

particularly difficult, and will not be considered

further in this paper. Three intake estimates can be

used for the risk characterisation of pesticide residues

in food. These are

. TMDI (theoretical maximum daily intake)

. NEDI (national estimated daily intake)

. NESTI (national estimate of short-term intake).

3.2 TMDI (theoretical maximum daily intake)
The TMDI represents a worst-case analysis of

potential intake because it is the product of the MRL

and the intake of the appropriate food commodity by a

high consumer (the 97.5th percentile consumer). This

calculation assumes that all the commodity consumed

will have been treated and contains levels at the

appropriate MRL, with correction for loss of residue

during transport, storage, processing or preparation of

the food prior to consumption. When the same

pesticide may be used on more than one food, the

same individual would not be a high-level consumer of

all possible foods that may contain the residue. Under

these circumstances the TMDI is calculated as the

sum of the two food groups with the highest 97.5th

percentile intakes plus the mean intakes of all other

relevant food groups.22

Because the MRL is a legally enforceable limit

related to good agricultural practice, it is normally

based upon the food commodity as harvested. How-

ever, for many food commodities the whole produce is

not consumed, and therefore the intake estimation has

to take into account the residue levels that are present

in the edible portion of the food product.

In the calculation of the TMDI the consumption

data for different food commodities are based on

chronic or long-term consumption by mean and high

level consumers. Comparison of the TMDI with the

ADI, both of which apply to chronic intake and

exposure, would give a worst-case analysis of potential

risk. If the TMDI is less than the ADI, there is no

realistic possibility that the ADI could be exceeded

Figure 6. The apparent disconnection between hazard characterisation
and risk characterisation for agricultural pesticides.

Figure 7. Risk assessment for agricultural pesticides.
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when the pesticide is used according to GAP.

However, the MRL represents the upper boundary

of the distribution of residue levels during supervised

field trials, and therefore the use of this to calculate

long-term intake is theoretical rather than practical.

More realistic estimates are given by the NEDI and the

NESTI.

3.3 NEDI (national estimated daily intake)
The NEDI provides a realistic estimate of average

long-term intakes of pesticide residues from the use of

pesticides under GAP. The NEDI is the sum (for all

food commodities) of [the intake of that particular

food commodity times the appropriate residue level for

that commodity]; the residue level is multiplied by a

correction factor which takes into account any change

in residue level that may occur during processing, such

as the removal of non-edible portions and cooking

processes.

NEDI ¼ �Fi � RLi � K

where Fi=food consumption data for commodity i,
RLi=appropriate residue level in commodity i and

K=correction factor to allow for processing.

A critical issue for this analysis is the selection of an

appropriate residue level which will be representative

of long-term exposure to the food commodity.22 Prior

to the approval of a pesticide, the value that is normally

used is the median of the supervised field trials—the

so-called supervised trial median residue (STMR).

This represents the most likely residue level that would

result from the use of the pesticide at the maximum

approved doses and timings under GAP. In cases

where the majority of the produce from a field trial

does not contain detectable residue levels and the

median is below the limit of determination, the value

used to calculate the NEDI is the limit of determina-

tion. While comparison of the NEDI with the ADI is a

realistic risk characterisation step for chronic expo-

sure, it would not provide sufficient reassurance for

occasional exposure to residue levels that approach the

MRL.

3.4 NESTI (national estimated short-term intake)
Intakes of residue levels close to the MRL may occur

periodically following use of the pesticide under GAP.

Risk characterisation for these levels is usually done by

comparison of estimated intakes with the ARfD.

Under these circumstances, risk characterisation

should be based on potential short-term intakes in

comparison with the ARfD. However, there are

problems in estimating such short-term intakes from

pesticide residues because of the variability from

commodity to commodity and also the potential

variability within a commodity (for example, from

one carrot to another).23–27 The residue data from

supervised field trials are normally based on composite

samples, and there may be variability within the

different units of that composite sample. The use of

MRLs as a legally enforceable limit is based on

composite samples. However, the interpretation of

intakes, particularly short-term intakes, may require a

consideration of variability from unit to unit within a

composite sample.

The calculation of the NESTI requires single-day

consumption data for the 97.5th percentile of con-

sumers for each relevant population subgroup,

together with the typical unit weight for each

commodity, for example, one carrot or one apple.

Calculation of the NESTI is complex because it is

unlikely that the same consumer will select more than

one commodity that contains high levels of residue of

the same pesticide at the same time; also, it is unlikely

that the same consumer will consume more than one

unit of the same commodity with each unit having high

residue levels (the latter aspect has to be considered on

a case-by-case basis because all bananas in a bunch

may contain the same high residue levels, whereas

different apples in a batch would be unlikely to contain

the same residue levels).

The Pesticide Safety Directorate (PSD) in the UK22

has defined three possible exposure scenarios that

require different calculations for the NESTI

3.4.1 The available composite residue data reflect the
residue levels in the food commodity as consumed
Under these simple circumstances the NESTI is

calculated22 simply as the full portion consumption

for the commodity (F) multiplied by the highest

residue level detected (after correction for processing

or removal of non-edible portions) (HR-P) divided by

the body weight (Bwt)

NESTI ¼ F � (HR-P)/Bwt

This simple scenario would arise when the commodity

was well mixed during processing (for example,

cereals), or when the typical commodity portions are

represented as multiple units of the same commodity

(for example, cherries). The full portion consumption

data would be taken from the population group that

would be relevant to the data used to derive the ARfD,

for example, pregnant women if the ARfD was derived

from a reproduction study.

3.4.2 The available composite residue data do not reflect
the residue level in the food commodity as consumed due to
variability between the individual units within the
composite sample
This more complex scenario applies to a commodity

for which the consumption at a single meal would

consist of four or less discrete units of the commodity,

for example, a portion of a melon or two or three

apricots. Under these circumstances, the residue level,

which is measured from a composite sample, has to be

increased by a variability factor (v), which reflects the

ratio of a high-level residue to the composite residue

level (for which data are available). The value of v is

likely to depend on the nature of the crop, the nature of
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the active ingredient and the method of pesticide

application (Table 2). There are few data currently

available to refine the appropriate value of v for

different crop-treatment scenarios, and high values are

normally used as defaults. If the resulting NESTI

using the default value exceeds the ArfD, the estimate

may be refined by actual measurements of unit-to-unit

variability, which can then be used to replace the

default.

The calculation of the NESTI under these circum-

stances incorporates two terms for each commodity.

The first term relates to the intake from the single unit

of the commodity with the high residue level, and the

second term relates to the remainder of the portion of

that commodity that is unlikely to contain the high

level, but may contain the average residue level. The

formula for this calculation22 is:

NESTI ¼ fU � ðHR-PÞ � v þ ðF-UÞ � ðSTMR-PÞg=

mean Bwt

where:

U is the weight of the first commodity unit (equivalent

to the unit with the high residence level);

F is the full portion consumption data for that

commodity (Where the full portion consumption data

is less than or equal to one commodity unit, the second

term of the equation drops out);

v is the ‘variability factor’ (which allows for the fact

that the measured highest residue level was deter-

mined for a composite sample that may have contained

only a proportion of high residue units);

HR-P is the highest residue level detected incorporat-

ing processing or edible portion factors (Where data

are available on the residues in the edible portion or

where processing data are available, they should be

used rather than the HR);

STMR-P is the supervised trials median residue in the

edible portion incorporating processing factors. It is

the STMR of the edible portion of the composite

sampled commodity to which a processing factor has

been applied (Where no data are available on proces-

sing or the residues in the edible portion, the STMR

established for the whole commodity should be used).

3.4.3 Residue data on an individual commodity unit
basis are available that reflect the residue levels in the food
commodity as consumed
This exposure scenario relates to the situation in which

the use of a default variability factor (v) may have given

an estimated intake that exceeded the ARfD, and the

company then developed actual variability data on

individual units of the commodity such that the high

residue level had been defined. Under these circum-

stances, a simplified calculation can be given similar to

that for Section 3.4.2 above.

NESTI ¼ fU � ðHR-PindÞ þ ðF-UÞ � ðSTMR-PÞg=

mean Bwt

where HR-Pind is the highest residue level in individual

commodity units incorporating processing/edible por-

tion factors.

4 RISK CHARACTERISATION
4.1 Prior to pesticide approval
The primary aim of the establishment of an MRL is to

provide a legally enforceable limit to assess compliance

with good agricultural practice. It is clear from the

above descriptions that the residue data that are used

to derive an MRL are also used to support the safety of

the pesticide under good agricultural practice. The

MRL is compatible with, but not linked to, a health-

based limit, and in many cases consumption of food

with residue levels that exceed the MRL will not result

in intakes that would be greater than either the ADI or

the ARfD. The risk characterisation stage (Fig 7) is

more complex for pesticide residues than for food

additives or veterinary drug residues, because the

MRL is not a health-based limit, and because of the

variability between crops and between different units

of the same crop.

The UK is particularly fortunate in having a

comprehensive food intake database28 together with

data for most subgroups of the population; in

consequence the NEDI and NESTI estimates for the

UK are considerably more reliable and robust than

national estimates for most other countries. Because of

inadequate national data, some countries use an

international estimated daily intake (IEDI), which is

calculated in a manner analogous to the NEDI, except

Table 2. Variability factors used for the estimation of short-term intakes of pesticide residues

Type of commodity

Variability

factor (v)

Large commodity (unit weights over >250g) 5

Medium commodity—treated using soil-applied granular pesticides (unit weights usually between 25 and 250g) 10

Medium commodity—treated using non-granular, non-soil-applied pesticides (unit weights usually between 25 and

250g)

7

Small commodity (unit weights<25g) (an additional factor is not necessary because the composite residue data

reflect the residue level in the food commodity as consumed)

1

Adapted from UK PSD Data Requirements Handbook, Chapter 5.22

Pest Manag Sci 58:1073–1082 (online: 2002) 1079

Pesticide residue analysis and its relationship to hazard characterisation



that the food commodity intake is based on WHO

GEMS/Food Regional Diet Data available from the

WHO.

4.2 Risk characterisation of residue levels detected
during routine surveillance
An extensive surveillance programme is undertaken in

the United Kingdom on the levels of pesticide residues

present in both home grown and imported crops.29

The results of the surveillance programme are

published quarterly on the Pesticide Residues Com-

mittee website.29

There are currently about 350 active substances

approved as agricultural pesticides in the UK and over

800 are approved in one or more EU countries. There

are 363 different food commodities listed in the

GEMS/WHO Food European Regional Diet.22 There

are therefore almost 300000 possible commodity-

pesticide combinations that could be analysed

(although the vast majority of these would not be of

any relevance). To monitor a sufficiently representa-

tive sample (for example, 50 samples) of all commodi-

ties for all pesticides would cost £290 million per

annum (assuming each assay cost £20). Such a

‘blanket’ approach to pesticide monitoring has the

potential to bankrupt any country that undertakes it,

while the population would not be able to afford the

available food! The UK, for example, undertakes a

more rational and focussed approach, in collaboration

with programmes organised by the European Union,

and each year about 2500 samples are analysed for

appropriate residues.29 The results of these surveys

were reported to the Working Party on Pesticide

Residues, which has now been replaced by the

Pesticide Residues Committee. The surveys are

structured to give a rolling programme such that all

groups of food commodities are sampled at regular

intervals, and in coordination with EU programmes

that allow an international assessment of residue levels

in Europe. The latter provides a far more comprehen-

sive database with respect to numbers and origins of

the samples analysed.

These analyses serve two primary functions. The

first function is to ensure compliance with GAP; the

MRLs are legally enforceable limits, and non-com-

pliance with MRLs normally leads to notification of

the supplier, with information requested on the

reasons for non-compliance. Cases of non-compliance

are normally followed up, and legal proceedings can

arise if non-compliance persists. In recent years the

reports of the Working Party on Pesticide Residues

and reports of the Pesticide Residues Committee29

have adopted the policy of ‘naming and shaming’ those

suppliers and wholesale outlets from which samples

were purchased that were found to exceed the MRL.

This policy will provide a stimulus to growers and

suppliers to comply with MRLs and hence GAP.

However, the non-uniform distribution of residues

even within the same crop on the same farm treated

under identical conditions means that there is an

element of chance in whether or not the small numbers

of composite samples taken from any one supplier will

contain residues above the MRL. It is important that

consumers recognise that, in consequence, the

presence of a high residue in the tested product from

one supplier does not mean that all products from the

same supplier will contain the same residue, or that

product from a different supplier will not contain high

residue levels. A greater public understanding of the

processes in place to monitor and control pesticide

residues, and to assess any possible health implications

should give greater confidence in the whole food chain,

and not simply that supplied by particular outlets or

retailers.

The second principal reason for the monitoring of

residue levels is to ensure not only compliance with

GAP and MRLs, which are not directly health-based,

but also to assess the significance for health of any

cases where the MRL is exceeded. As discussed above,

the presence of a residue at or below the MRL would

not represent a health hazard because of the risk

characterisation process that links the MRL with the

ADI (Fig 7). Residue levels above the MRL may or

may not represent a health hazard, depending on the

relationship between the NEDI and NESTI calculated

from field trial data (see above) and the ADI. All cases

in which the MRL is exceeded are considered in detail

by the Pesticide Safety Directorate and the Pesticide

Residues Committee, and advice is obtained from

appropriate experts as to the possible health implica-

tions of residue levels that exceed the MRL.

4.3 Exposure to mixed residues of different
pesticides
An important issue is the possibility that some

commodities may contain residues of more than one

pesticide. In addition, at one meal a consumer may

ingest the residues of more than one pesticide by

consuming more than one type of food commodity.

Hazard identification and hazard characterisation (Fig

1) are undertaken on single chemicals, and potential

mixtures are not studied. Given the large number of

approved pesticides, it would be impossible to test

even simple binary combinations, let alone more

complex mixtures.

Restriction of the number of approved pesticides

would not necessarily reduce the potential health risk,

because in practice there could be higher potential

intakes of those few approved pesticides. There could

actually be a greater risk of adverse health effects from

the use of fewer pesticides than from the use of an

equi-effective mixture of a larger number of pesticides,

providing that these had different adverse effects

detected in animal and other studies (hazard identifi-

cation). This interpretation is true, providing that

there are no synergistic interactions between different

pesticides. To address this specific issue the Working

Group on the Risk Assessment of Mixtures of

Pesticides30 is currently evaluating the potential risk,

arising from exposure to the residues of more than one

1080 Pest Manag Sci 58:1073–1082 (online: 2002)

AG Renwick



pesticide. The Working Group is expected to report in

the near future.

A major stimulus for concern about potential

synergistic interactions between chemicals was a publi-

cation by Arnold et al,31 who reported a 1000-fold

greater oestrogenic activity with combinations of

pesticides than with single pesticides; the magnitude

of the increase was sufficient to undermine confidence

of both consumers and scientists in the risk assessment

strategy adopted to date, ie that of testing single

chemicals. However, this initial study could not be

replicated by other researchers32,33 or even the original

scientists when they tried to repeat the experiments. In

consequence, the original observation was retracted.34

Following this retraction of the original observation,

scientists involved in risk assessment and risk charac-

terisation were reassured that the approach based on

single chemicals would not result in a gross under-

estimation of the hazard associated with mixtures of

chemicals. However, the public have not been so

informed by the media, and, whilst the original

observation raised numerous articles in most media,

the subsequent retraction was not greeted with banner

headlines of ‘scientists cannot replicate their results’.

In consequence, the public probably continues to be

concerned to an extent that is not warranted by the

available data.

However, there remains a scientifically credible

question associated with risk characterisation based

on single chemicals when those chemicals share a

common underlying mechanism on toxicity. Many

pesticides are members of the same class, and share a

common mechanism of action, and therefore the

response to a mixture is likely to be the sum of the

different concentrations and potencies. For some

environmental contaminants, such as polychlorinated

dibenzodioxins which share a common mechanism of

action, the risk characterisation is based on a sum of

the combined exposure to all the different chemicals in

that class, taking into account their different potencies.

It would seem logical that a similar approach should be

adopted for pesticides that share a common mechan-

ism of action, such as inhibition of acetylcholin-

esterase, providing that the comparison of potency,

or toxic equivalence factor, is based on the same

common end-point.

5 CONCLUSIONS
There is a well-structured and comprehensive system

in place for the risk characterisation of pesticides both

in the workplace and as residues on food. Compounds

that act via mechanisms that would not produce a

threshold in the dose–response would not be approved

for use as pesticides. The dose–response data for the

potential adverse health effects of pesticides are

analysed and a NAOEL derived. The NAOEL is

divided by a large uncertainty safety factor to extra-

polate animal data to humans. For agricultural

pesticides the MRL is based on GAP rather than the

health-based exposure limit of the ADI or ARfD. This

apparent disconnect has the potential to give rise to

confusion concerning the safety of pesticide residues.

In reality, a proposed MRL would not be approved

unless the estimated intakes based on that MRL were

consistent with exposures below the ADI or ARfD.

In recent years there has been an increased aware-

ness of the non-uniform nature of the distribution of

pesticide residues for certain crops, and this has had

important implications for risk characterisation, with

respect to both the ARfD and the equivalent exposure

estimate, the NESTI.

The major issue which is still currently under

consideration is that of the potential health implica-

tions of exposure to mixtures of pesticide residues. In

reality, mixed residues would not represent a greater

risk than residues arising from the equi-effective use of

a single pesticide, providing that there was no syner-

gistic interaction between the different pesticides. A

simple additive combination of toxicity would not

necessarily result in a greater risk for mixed pesticides

than with the increased use of a single pesticide.

An important challenge for the future is the model-

ling of exposures when these arise simultaneously from

multiple low-level residues that may vary from food

commodity to food commodity and also within

different units of the same commodity. The only

realistic way to determine potential intakes under such

circumstances is by probabilistic methods.35,36 These

methods will have even greater importance in the

future, when attempts are made to assess the exposure

to different pesticides that share the same mechanism

of action, and that may be present at different levels on

a range of different commodities.
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