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9. EVALUATION OF DATA

9.1 Extrapolation of Animal Data to Humans

The objective of the safety evaluation of pesticide residues in food is to determine the maximum
daily intake of the pesticide that will not result in adverse effects at any stage in the human lifespan.
Since, in the majority of cases, data on humans are inadequate to permit such a determination, effects
observed in other species must be extrapolated to humans. Ideally, data on comparative
pharmacokinetics, metabolism, and mechanism of action should be utilized in the extrapolation.
However, such data are not available in the majority of cases. The use of relevant biomarkers of
exposure and effect such as the formation of adducts to DNA or blood proteins like haemoglobin in
humans and test animals may also be useful in the extrapolation across species. Further research in this
area is to be encouraged.

Three basic approaches are now generally used in the extrapolation of the results of studies in
experimental animals to humans: the use of safety factors, the use of pharmacokinetic extrapolation
(widely used in the safety evaluation of pharmaceuticals), or the use of linear low-dose extrapolation
models.

JMPR has not utilized the third approach (the use of linear low-dose extrapolation models). A
number of these models have been used to determine the “virtually safe dose” (VSD) of carcinogens for
humans. One major drawback of these models is the lack of consideration of many of the biological
factors which should be taken into account. Furthermore, the Various mathematical models available
(Probit, Wiebel, etc.), when applied to the same data, can result in VSD values which vary by orders of
magnitude. There is no agreement among toxicologists on the “best” mathematical model available
today, nor on whether these mathematical models have any biological meaning at all.

Pharmacokinetic extrapolation requires human pharmacokinetic data, which are rarely available
for pesticides. The method involves a comparison of pharmacokinetics in human and experimental
animals. The relative sensitivity of receptor sites must also be taken into consideration.

The JMPR approach has generally been limited to the first of the three approaches, that is the use
of safety factors. These are applied to the NOAEL determined from the experimental animal data, or

preferably, from data in humans, if available.

9.2 Safety Factors

-9.2.1 Background



EVALUATION OF DATA

The 1963 JMPR adopted the commonly used empirical approach for the extrapolation of data to
man, i.e. “the maximum no-effect dietary level obtained in animal experiments, expressed in mg/kg
body weight per day, was divided by a ‘factor’, generally 100.” [35, p. 11]. This concept appears to
have been adopted from the report of the second JECFA Meeting which states that . . . a dosage level
can be established that causes no demonstrable effects in the animals used. In the extrapolation of this
figure to man, some margin of safety is desirable to allow for any species differences in susceptibility,
the numerical differences between the test animals and the human population exposed to the hazard, the
greater variety of complicating disease processes in the human population, the difficulty of estimating
the human intake, and the possibility of synergistic action among food additives.” [31, p. 17]. The
Committee then stated that the 100-fold margin of safety applied to the maximum ineffective dose
(expressed in mg/kg body weight per day) was believed to be an adequate factor.

The 1965 IMPR [36] discussed the concept of the acceptable daily intake and safety factors. It
noted that the 100-fold factor could be modified according to circumstances (e.g., reduction to 10 or 20
fold when human data are available or in the case of well-studied organophosphates). The 1966 JMPR
indicated that when a temporary ADI was allocated, the margin of safety applied to the NOAEL derived
from experimental animal data should be increased [38]. These principles were applied by the 1966
Joint Meeting when establishing a temporary ADI for pyrethrin (safety factor of 250) [39].

A WHO Scientific Group considered safety factors in 1967 [169]. This Group noted that safety
factors could be varied and described circumstances where increased safety factors should be used.
These included toxicological data gaps and when it was necessary to establish temporary ADls.
Decreasing the margin of safety was proposed when pertinent biological data indicates uniform species
response, when the initial effect is clear-cut and reversible, or when cholinesterase inhibition or adaptive
liver enlargement is the initial effect. Otherwise a 100-fold safety factor was considered to be a useful
guide.

The 1968 JMPR [42] indicated that, where human data comprised the basis for the NOAEL used
in determining the ADI, a smaller safety factor might be utilized. This statement was amplified by the
1969 JMPR [44] to include human biochemical as well as toxicological data as justification for reducing
safety factors.

The 1975 JMPR, in addressing the question of safety factors in toxicological evaluation, stated

that:

“It should be emphasized that the magnitude of the margin of safety applied in each individual
case is based on the evaluation of all available data. In consideration of any information that gives rise
to particular concern, the magnitude of the margin of safety will be increased. Where the data provide

an assurance of safety, the magnitude may be decreased. Therefore. it is impossible to recommend fixed



pplied in all instances.” {54, p. 9].

In 1977, the JMPR “wished to clarify the situation regarding safety factors in arriving at ADIS for
man. The establishment of the ADI for man is not a simple arithmetic exercise based on the no-effect
level, as the safety factor may vary widely from one compound to another. Although safety factors are
determined empirically, they are dependent on the nature of the compound, the amount, nature and
quality of the toxicological data available, the nature of the toxic effects of the compound, whether the
ADI or TADI for man is established, and the nature of any further data required.” [57, p. 4).

During a discussion on general principles used by the JMPR, the 1984 Meeting [72] stressed the

degree of uncertainty that accompanies a toxicological evaluation, and stated:

“The use of variable safety.factors by the JMPR in the estimation of ADI values reflects this
uncertainty, and underlines the complexity of assessing the human health hazards of pesticides. No hard
and fast rules can be made with regard to the magnitude of this safety factor, since many aspects have to
be considered, such as species differences, individual variations, incompleteness of available data, and a
number of other matters such as considerations of the fact that pesticide residues may be ingested by
people of all ages throughout the whole life-span, that they are eaten by the sick and the healthy as well

as children, and that there are wide variations in individual dietary patterns.” [72, p. 3].

The original concept of the use of 100-fold safety factors was based on interspecies and
intraspecies variations [114]. Included in this consideration were variations between strains, provision
for sensitive human population sub-groups, and possible synergistic effects due to exposure to more
than one chemical.

 The 100-fold safety factor can be viewed as two 10-fold factors, one for inter- and one for intra-
species variability [111]. While these safety factors appear, on the basis of experience, to provide
adequate margins of safety in the extrapolation of data to man, they may, of course, be questioned.
Some experimental support for safety factors was published by Dourson & Stara [261 in 1983. This
paper also proposed an additional 10-fold factor for extrapolating sub-chronic data, and for converting
lowest-observed-adverse-effect levels to NOAELs (factors of 1-10, depending upon the severity and
concern raised by the observed effect). Additional clinical and epidemiological research may improve
the characterization of the variation in response within the human population to various pesticides and

may allow a more accurate determination of safety factors.

9.2.2 Principles



