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This paper will examine the assessment of
agricultural chemicals and whether
residues are associated with any risk to
consumers of agricultural products.

Risk is defined as the probability that a
particular adverse event may occur dur-
ing a specified period of time. In this dis-
cussion the adverse event is a deleterious
effect on the health of consumers and the
time period is a lifetime of consumption of
treated produce.

Regulatory authorities take very seri-
ously the matter of risk associated with
consumption of agricultural produce since
consumers usually do not have control
over the intake of chemicals in food be-
cause they do not know what compounds
are present or their concentration. There-
fore consumers cannot weigh risk against
benefit. By contrast, this analysis can be
carried out in the case of therapeutic drugs
where risks can be weighed against ben-
efits and an informed decision made.

It is an interesting exercise to examine
the public perception of risk. Table 1
shows the results of a survey by Upton
(1982) who examined the perception of
risk associated with activities causing
death. It shows that two groups, the
League of Women Voters and college

students perceived that pesticides were
ranked in the top ten causes of death and
the business and professional club mem-
bers also believed pesticides were of sig-
nificant risk. The actual death rate associ-
ated with pesticide use was zero. The re-
sults of this study shows that the public
perception of risks associated with pesti-
cide use is very high.

Pesticides are often claimed to be associ-
ated with birth defects and other adverse
effects on pregnancy, for example in the
Coffs Harbour (New South Wales) and
Yarram (Victoria) areas. While it is ac-
knowledged that there may be unex-
plained clusters of birth defects in
certain geographic localities, the medical
and other health care professionals are
generally unaware of the true incidence
of adverse pregnancy outcomes in hu-
mans.

Table 2 from Manson and Wise (1991)
gives a good insight into the outcome of
human pregnancies and illustrates the nor-
mal rate of adverse results, which will ap-
pear high to most people. Unless this nor-
mal rate is known it is easy to make judg-
ments which support the involvement of
pesticides in harmful effects on the mother
and foetus.

These two examples indicate that pesti-
cides are often viewed as unfavourable
agents by the general public. This situation
is made worse when allegations of risk or
hazard associated with pesticide use are
published, while efforts to refute such alle-
gations are largely ignored.

The situation is further exacerbated by
statements such as “the chronic symptoms
of organophosphate poisoning are sore
throat, runny nose, tremor, aches and pains
in the limbs and stomach upsets” (Bartle
1991). This list of general symptoms is
similar to those frequently associated with
a number of natural infections in humans
and require the qualification that adequate
laboratory identification of the pesticide in
body fluids is required. Modern analytical
techniques are now capable of positively
identifying minute traces of pesticides.

The normal diet contains a large number
of naturally occurring pesticides that are
produced by plants to defend themselves
against attack by insects, fungi and preda-
tors, including humans. When plants are
damaged they may respond by increasing
the levels of pesticides in their tissues. It
has been estimated that the intake of man
made pesticides is only 0.1 mg per day,
while the levels of naturally occurring pes-
ticides are 15 000 times higher at 1500 mg
per day. Fifty two of these naturally occur-
ring pesticides have been tested for
carcinogenicity in at least one rodent spe-
cies and 52% were positive. When the
mould toxins were tested at high doses in
rodents, 11 out of 16 were carcinogenic
(Ames and Gold 1990). Humans have been
consuming these plant pesticides for cen-
turies and fortunately have adapted to
dealing with low doses without ill effects.
However, the consumption of higher
doses has been associated with symptoms
of toxicity in humans.

Before synthetic pesticides can be used
on food for human consumption they
must be subjected to exhaustive toxicity
testing to eliminate any risk to those eat-
ing treated food. This testing is time con-
suming, typically continuing over a period
of five years and costing $20 million or
more. Agricultural chemicals are often
tested more thoroughly than human
therapeutic drugs.

Protocols for testing of pesticides are
well developed and laboratories must fol-
low a code of good practice during any
trials (Anon. 1987). The findings from toxi-
cological testing are not extrapolated to
humans without careful assessment. In the
past there was a preoccupation with
carcinogenicity (cancer) and teratology
(birth defects), however effects on the car-
diovascular and immune systems and on
behaviour have received more attention
in recent years. Tests are normally carried
out using the article of commerce because
any impurities present may be of toxico-
logical significance.
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Table 1. Perception of risk in the USAA.

RiskB Actual League of College Business
Ranking Women Students and Professional

Voters Club Members

Pesticides 28 9 4 15
Food colouring 26 26 20 30
Food preservatives 27 25 12 28

A Ranking of top thirty events causing death (Upton 1982).
B Actual death rate zero for all three categories.

Table 2. Adverse pregnancy outcomes in humans.

Event Frequency Unit
per 100

Abortion 8–28 weeks 10–20 Pregnancies or women
Chromosome abnormalities 30–40 Abortions
in abortions 8–28 weeks
Chromosome abnormalities 2 Amniocentesis specimens
from amniocentesis
Stillbirths 2–4 Stillbirths and livebirths
Low birthweight 7 Livebirths
< 2500 grams
Major malformations 2–7 Livebirths
Chromosomal abnormalities 0.2 Livebirths
Severe mental retardation 0.4 Children to 15 years old

From Manson and Wise (1991).
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The usual battery of toxicological tests,
which are described in the following, must
be completed before the registration and
use of a pesticide is permitted.

Acute toxicity studies measure the po-
tential hazards to human users, formula-
tors, bystanders, domestic animals and
wildlife. It is of little significance to the food
situation, but does give an indication of
potential toxicity by the oral, skin or inha-
lation routes of exposure. In sub-chronic
toxicity testing, the compound is adminis-
tered to two different species, one of
which is non-rodent, for a minimum of
ninety days. Growth, food and water con-
sumption, clinical condition, haematology,
clinical chemistry and gross and micro-
scopic pathology are monitored during
the trials. At the conclusion of treatment a
group of animals may be allowed to re-
cover and be re-examined as described
above.

Long-term toxicity studies are con-
ducted to examine the effects of long-term
or lifetime administration, such as cumula-
tive toxicity and the tumour or cancer
causing potential of the compound. While
the rat and the dog are the preferred spe-
cies, it is also common to use rat and
mouse because it is only practical to treat
and hold rodents for their lifetime.

In order to examine the reproduction
and development toxicity of a compound
it is usual to carry out a multi-generation
study in the rat and mouse over two or
three generations during which reproduc-
tion, sexual function, birth and post-natal
growth and development are monitored.
Tests to examine the effects on develop-
ment in order to assess teratogenicity,
are usually carried out in the rat and rab-
bit.

A range of in vivo and in vitro mutagenic-
ity tests which have as their end-point
gene mutations or chromosome damage,
can give an indication of the capacity for
genetic damage and the possible tumour
generating potential of the compound.

Metabolic and pharmacokinetic studies
examine the absorption, metabolism, ex-
cretion and accumulation in animals and in
addition the metabolism of the compound
in plants and soils is also studied. The ef-
fects of new chemicals on the environment
are also examined. In addition it may be
appropriate to examine the toxicity of
metabolites or impurities or to carry out
special studies such as nervous system tox-
icity in the case of certain insecticides. Any
data on human exposure is also very use-
ful.

The object of these studies is to examine
the spectrum of toxicity of the compound
and to determine the no observable effect
level (NOEL) which is defined as the high-
est dose level (mg/kg body weight/day)
which produces no observable toxic effects
in the most sensitive species.

The NOEL derived from the chronic tox-
icity tests is used to set the acceptable daily
intake (ADI) for humans and is defined as
the daily intake of the chemical over a life-
time which is without appreciable risk to
human health.
ADI = NOEL × Safety factor (1/100 to 1/2000)

The safety factor of 1/100 is used in un-
complicated cases where all the required
toxicological data is available and the com-
pound is free of significant harmful effects.

The maximum residue limit (MRL) of a
compound in food is calculated so that the
ADI will not be exceeded by the sum of the
residues derived from all sources in the
human diet. It is set after taking into ac-
count the residues found in food as deter-
mined from residue trials, the amount of
the food commodity consumed and spe-
cial factors such as infant consumption or
ethnic diets.

It should be recognised that the MRL is a
regulatory action level which is a reference
point for prosecution or other regulatory
action. The MRL does not identify a level
that defines a health hazard and the occa-
sional consumption of a commodity in
which the MRL for a pesticide has been

exceeded does not represent a hazard to
human health.

Interpretation of results from toxicology
testing and the Australian regulatory
process results in the setting of MRLs
which are often conservative by overseas
standards. This process is coupled with an
extensive monitoring of food commodi-
ties for residues to ensure compliance with
their regulatory clearances. The Austral-
ian Bureau of Resource Sciences carries out
the National Residue Survey, the National
Food Authority conducts the Market Bas-
ket Survey, while other bodies are also in-
volved in residue studies. The results of
these studies are published regularly and
the results show that the food available to
Australian consumers ranks among the
best in the world as shown in Table 3.
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Table 3. Results from residue surveys.

Samples exceeding maximum residue limit (%)

Country Domestic food Imported food

Australia 1.0 –
Canada 0.4 2.3
Denmark 1.3 2.9
West Germany 3.6A

Ireland 0.2 0.4
Italy 1.8–2.5A

Japan 0.4 –
Philippines 2.8 –
Spain 2.0 –
Sweden 2.1A

Switzerland 1.0–4.0A

United Kingdom 1.6 2.1
USA 1.0 3.6

A Origin of food not specified.
From Anon. (1992).


