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Actual Risk
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Abstract: Dietary risk assessments (DRA) help determine safe exposure levels of toxic substances in food. 
Of these, Acceptable Daily Intake (ADI), derived from No Observed Adverse Effect Levels (NOAEL) of long-
term toxicity studies, is compared to exposure estimates using lifetime-averaged food intakes. These estimates  
ignore intermittent high exposures exceeding the ADI; toxic effects of such exposures are considered irrelevant, 
on the assumption that toxic potency increases with exposure duration, which would be reflected by decreasing 
NOAELs. However, our statistical analysis of thousands of animal toxicology studies shows that NOAELs after 
short- and long-term exposure are similar if study design factors are considered. Thus, the short- and long-term 
potency effects of chemicals are similar. Hence, a short-term toxic effect is generally ignored in current DRA. It 
accounts for lifetime-averaged but not intermittent high food intakes and, therefore, must be revised. Additionally, 
there is no added value of long-term studies for ADI derivation. 
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1. Background
The dietary risk assessment (DRA) is used to determine wheth-

er the exposure levels of contaminants and pesticide residues in 
food are safe for human consumption. The DRA compares expo-
sure levels with health-based guidance values (HBGVs), which 
are derived from No Observed Adverse Effect Levels (NOAEL) 
identified in animal toxicity studies. The NOAEL is the highest 

non-toxic dose, the next higher dose is called the Lowest Observed 
Adverse Effect Level (LOAEL). The HBGV is obtained by divid-
ing the numerical value of NOAEL by a safety factor, which rep-
resents the variability of sensitivity within the human population, 
differences between the tested animal models and humans, and, 
when applicable, the uncertainty in the available database. It is 
thus assumed that no human subpopulation is more sensitive than 
an animal model by a factor greater than the safety factor. The 
designation of HBGV may differ in different parts of the world; in 
Europe, for example, the HBGV for chronic toxicity in contami-
nants is expressed as Tolerable Daily Intake (TDI) and pesticide 
residues as Acceptable Daily Intake (ADI). The values themselves 
are derived in a similar fashion and represent the dose of a specific 
substance that can be ingested on a daily basis without any health 
risk. Conceptually, ADI/TDIs in humans correspond to NOAELs 
in animals.

2. Toxicity Threshold and Exposure Duration
A more or less explicit assumption in regulatory toxicology 

is that toxicity correlates with exposure duration. Therefore, oc-
casional exposures exceeding the ADI are regarded as toxicologi-
cally non-relevant. Only if exposures continually exceed the ADI, 
are measures taken to reduce the exposure levels below the ADI. 
However, there is little specification regarding the exact aspect of 
toxicity that is meant to correlate with exposure duration, the num-
ber of qualitatively different effects, or severity of effects at a given 
dose, or the toxicity threshold approximately by the values of the 
NOAELs and LOAELs. It has been reported that the number of ex-
posures and nature and/or severity of effects correlate with exposure 
duration. Furthermore, slightly lower NOAEL and LOAEL values 
are usually observed when the exposure duration of a substance 
is increased. This suggests that the toxic potencies of substances 
increase with increasing exposure durations. However, this would 
be in conflict with the paradigm of regulatory risk assessment that 
for all compounds, except DNA-reactive compounds, thresholds of 
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young adult animals could be more sensitive than older animals. 
However, this would result in lower short-term NOAELs com-
pared to long-term NOAELs, which is contrary to the tacit as-
sumption that toxicity increases with an increase in exposure 
duration. Second, the threshold of toxicity can be age related, 
i.e. older subjects have a lower threshold for toxicity than their 
younger counterparts, which would result in higher short-term 
NOAELs compared to long-term NOAELs. Third, certain com-
pounds, such as polychlorinated biphenyls (PCB), accumulate in 
the body. Continued exposure with low doses of accumulating 
compounds may lead to a concentration build-up in the body and 
after a certain duration of exposure, the toxicity threshold may be 
exceeded and toxicity will consequently occur.

4. Implications for Regulatory Chemical Dietary Risk 
Assessment

4.1 The ADI Applies for Every Exposure Duration
As our analysis has shown, the fact that the toxicity thresh-

olds of most compounds are fixed and independent of exposure 
duration divides the exposure range into two categories: safe and 
unsafe. The maximum exposure range allowed by the NOAEL is 
always safe regardless of exposure duration, whereas exposures 
above that maximum range of the NOAEL are possibly toxic even 
if the exposure is only short-term. Consequently, the ADI must 
not be viewed as a ‘chronic’ HBGV but rather as a generally ap-
plicable HBGV. Exposures should never exceed the ADI.

4.2 Long-term Studies for Dietary Risk Assessment 
Provide no Added Value

An exposure exceeding the NOAEL will result in toxicity, 
prolonging the exposure may increase the severity of the toxicity, 
which may ultimately become irreversible and, thus, hinder pos-
sible recovery. Clearly, to determine all hazardous properties of a 
compound, the exposure duration should be maximized. However, 
for the purpose of hazard characterization (dose-response consid-
erations and identification of toxicity thresholds), approximation 
of the toxicity threshold with the NOAEL of a robust, well-de-
signed, high-powered short-term study is sufficient to derive an 
ADI for use in risk assessment. Conversely, performing a long-
term study to identify the NOAEL approximating the toxicity 
threshold obviously has no added value over well-conducted high 
powered short-term studies.

4.3 Reconsidering the Exposure Assessment
In the DRA, consumer exposure is essentially estimated by 

multiplying the concentration of a particular compound with the 
amount of the respective food commodity consumed. The DRA 
of contaminants differs from the DRA of pesticide residues, since 
the former allows for flexibility, whereas the latter is defined by 
quite rigid procedures.[4] In a chronic DRA of pesticide residues, 
food consumption values are derived from food balances, which 
represent the difference between a country’s production (includ-
ing importation) minus exportation. This value then is divided by 
the country’s entire population to calculate the daily consump-
tion per capita. This calculation results in values of chronic daily 
food intakes being often much lower than the actual food intakes. 
Using these very low food consumption values suggests that a 
certain pesticide residue level is acceptable because the purely  
arithmetically calculated exposure value is below the ADI (Fig. 
1). However, the fact that intermittent exposures on the actual 
food consumption exceed the ADI may be concealed.[1]

Our study suggests that any single exposure above the NOAEL 
in animals and, hence, above the ADI in humans may result in 
toxic effects. Therefore, a DRA revision is necessary to take into 
account the short-term toxic potency of compounds. Any expo-
sures exceeding the ADI should be identified and managed. Some 

toxicity exist and exposures below toxicity thresholds are non-toxic. 
The NOAEL and LOAEL represent the lower and the upper bound-
aries of the experimental approximation of the toxicity threshold. 
A decrease in NOAELs with increased exposure durations would 
suggest that thresholds of toxicity are age-dependent, where older 
subjects are more sensitive to toxicity than their younger counter-
parts. This is contrary to the general assumption that young animals 
are more susceptible than old animals. Furthermore, a decrease in 
NOAEL with increasing exposure duration would imply that there 
could be no physiological changes in tested animals on one day but 
toxic responses on the other day. Such an observation would vio-
late the concept of the thresholds of toxicity. The paradigm of the 
threshold of toxicity also implies that if after long-term exposure, 
a toxic effect at a given dose is observed, then precursor changes 
indicative of the toxic effect must have occurred before the observa-
tion was noted. These precursor effects must have existed before the 
apical toxic effect was first observed, since the given dose exceeded 
the toxicity threshold.

In conclusion, although even a single exposure above the tox-
icity threshold approximated by the NOAEL may induce adverse 
changes, repeated exposures are safe, as long as they are below 
the threshold of toxicity. Arguing to the contrary would imply 
that either toxicity thresholds do not exist or are subject to change 
without the occurrence of changes in any parameter prior to the 
manifestation of an apical toxic effect.

To address the contradiction between the paradigm of toxic-
ity thresholds and the slight decrease of NOAELs with exposure 
duration increase in animal toxicity studies, we analysed sev-
eral thousands of toxicological studies of different durations on 
more than 400 pesticides in order to elucidate the dependence of 
NOAELs and LOAELs on exposure duration.[1]

3. NOAELs are Independent of Exposure Duration
Previous studies have examined the relationship between 

NOAELs and exposure duration, and the relevant literature 
was recently reviewed.[1,2] In these studies, a wide variety of 
chemical groups was represented. Most of these evaluations 
have shown that shorter-term exposure studies have slightly 
higher NOAELs than longer-term exposure studies. However, 
the average differences between short- and long-term exposure 
NOAELs for all chemical groups were well within a factor of 10 
and were similar between chemical groups. The observed small 
difference was not dependent on group chemical structure and 
thus not related to biochemical interactions, i.e. toxicity. We hy-
pothesized that this minor, yet consistent, chemical-independent 
difference between shorter-term and longer-term NOAELs for 
given chemicals is not due to toxicological reasons. To test our 
hypothesis, we performed statistical analyses on a wide range 
of regulatory animal toxicity studies, involving mice, rats, and 
dogs, and different exposure durations conducted on pesticide 
compounds widely varying in structure.[1–3] We were able to 
identify the number of animals per group, dose spacing, and 
the decrements[4]

 
of the actual substance intake with increasing 

duration, but not exposure duration, as the explanatory variables 
for the observed small differences between short-term and long-
term NOAELs. When adjusting for these explanatory variables, 
which represent study design factors, no statistically significant 
differences between NOAELs from studies ranging from 2 to 
104 weeks of exposure was observed. We thus demonstrated that 
the toxic potency is comparable after short-term and long-term 
exposure, and this holds true independent of the animal spe-
cies and the chemical structure tested. The data actually verify 
the paradigm of toxicity thresholds that any exposure above the 
NOAEL may be adverse and even repeated long-term exposure 
below the NOAEL is safe.

There are three exceptions in which the NOAELs may ac-
tually differ depending on exposure duration. First, foetuses or 
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represents the recovery phase (Fig. 1). Identifying the mechanism 
behind the observed toxic effects is essential to understand the 
physiological consequence of the recurring exposures exceeding 
the ADI and to determine the minimal period of exposure below 
the ADI needed to enable full recovery from the effects induced 
by exposure above the ADI. If the mechanism of toxicity for a 
compound is not fully understood, any exposure that exceeds the 
ADI should be considered adverse.

6. Conclusion
The finding that NOAELs are independent of exposure dura-

tion and toxic effects caused by a compound even after a short-
term exposure calls for a revision of the current DRA, to prevent 
any exposure exceeding the ADI. The IESTI exposure model pro-
vides an accurate estimate of the daily intake of a compound. It is 
critical to identify and evaluate any possible exposures that could 
exceed the ADI to ensure public health safety. It is safe to assume 
that an exposure exceeding the ADI regardless of the frequency 
of exposure may be hazardous to public health.
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initiatives to revise the DRA to also consider the short-term toxic 
effects of chemicals have been launched.[5]

5. Proposal for Amendments in Chemical Dietary Risk 
Assessment

DRAs of compounds should use actual high food consump-
tion to identify exposures exceeding the ADI that could occur 
intermittently in real life situations. Regarding pesticides, the 
International Estimated Short-Term Intake (IESTI) model pro-
vides a tool to identify realistic high exposures resulting from the 
consumption of a single meal or from meals consumed in a single 
day.[6] The IESTI model could also be used to determine the expo-
sure levels of substances other than pesticide residues. Along with 
identifying any exposures exceeding the ADI, there are two other 
variables that are important to identify, namely, the frequency of 
such exposures and the duration of exposure below ADI which 

Fig. 1. Intermittent exposures above the ADI. Bars represent exposures 
to a chemical in food. The solid horizontal line represents the average 
daily intake of such a chemical whereas the dashed line represents the 
ADI. According to the current dietary risk assessment, the figure shows 
no public safety concern since the average exposure is below the ADI. 
However, the short-term toxic effect of chemicals is ignored. The fre-
quency of a chemical exposure that exceeds the ADI must also be con-
sidered. For example, in the figure, if period a between the two expo-
sures exceeding the ADI was long enough to allow for full recovery from 
all biological changes caused by the exposures, then the two exposures 
are considered toxicologically independent and therefore acceptable. By 
contrast, if the recovery period b was too short for full recovery, then the 
two exposures above the ADI separated by period b may not be accept-
able, as permanent adverse effects may be induced.


