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1 Guideline for setting national maximum limits of pollutants in Agricultural products

Abstract

Safe food is a primary determinant of human health. Establishing
maximum limit for checking food safety is essential. Some countries accept
international Codex standards as their national standards and some, establish
their own. Because all the world is in contact to each other it is important and
necessary to harmonize the methods to establish national standards for
countries want to set their national standards considering both human health
aspects and international trade side. There is no guideline to show clearly the
methods step by step for setting MLs. Therefore, the aim of this guideline is to
gather and summarized different international documents which describe some
necessary and preliminary steps for establishing maximum limits and then
describe the harmonized method which is used for establishing international
MLs for pollutants. For setting national maximum limits for a country they
should have a regular and reliable monitoring system. Monitoring and
selecting foodstuffs and pollutants should be done according to criteria. In
establishing standards, the first step, is to understand there is two separate
concepts and steps: 1- risk assessment, 2- setting maximum limits. Each step
has its own guideline and understand the relationship between them is so
critical. If risk assessment study shows no risk (based on the mean), maximum
limits can be set close or exactly equal to the maximum concentration was
observed, and if risk assessment study shows risk (based on the mean),
maximum limits should be set at a lower level (maybe 95" percentiles).

Introduction

Safe food is a primary determinant of human health. It is a basic human
right to have access to safe and healthy food. In seeking to guarantee this right,
governments must ensure that available food meets safety standards. Ensuring
food safety and quality is a central public health concern.

The Codex Alimentarius, or “food code’, was established to set international
standards to ensure the safety and quality of food and agricultural products while
at the same time creating a level playing field for international trade. Some
countries accept the codex standards as their national standards as well and some
other countries or organizations such as European Union or the USA, establish
their own national/regional standards for imported food.

Although the ultimate goal of codex is harmonization of food standards
globally, pragmatically it is difficult to achieve. Both developed and developing
countries must balance reductions in human health risks against economic benefits
in production and trade associated with setting food safety standards that are
‘appropriate’ and ‘reasonable’ among 188 Codex member nations and one
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member organization, the European Union (EU)(Wiek and Grant, 2021).
According to the World Trade Organization (SPS agreement article 5, paragraph 1)

L “Members shall ensure that their sanitary or phytosanitary measures are
based on an assessment, as appropriate to the circumstances, of the risks to
human, animal or plant life or health, taking into account risk assessment
techniques developed by the relevant international organizations™
International standards are established to protect the health of populations
based on a global agreed Level of Protection (LoP) but individual countries
may wish to raise this LoP for specific groups e.g. young children or high
consumers of certain food. Because all the world is in contact to each other
and they import or export products to or from each other then it is important
and necessary to harmonize the methods to establish national standards for
countries want to set their national standards.

Some national authorities are establishing standards which are not
based on a proper methodology and believe that for ML? below the
codex standards the lower values always represent the better standards.
It has been observed in some cases the national standards are much
stricter than codex or other international standards without clear
justification. These kind of standards lead to exclude a part of the food
production from international trade and to increase food price.

In addition if these non scientific standards are mandatory in the country,
other than the problem mentioned in previous paragraph, a part of internal
production should be excluded for human consumption, only because of lack of
information about international strategies in establishing MLs On the other
hand, diverse food standards across countries reflect national regulatory
traditions and food culture, but are also highly contentious, because they imply
trade costs and market access difficulties for countries with differing regulatory
systems (Wiek and Grant, 2021).

As regards, nowadays in a globalized world, it is critical to have, if not
fully harmonized food safety standards, harmonized method for setting them
and to bridge these differences across countries.

National food regulations and standards should reflect the Codex
Alimentations standards, guidelines and codes of practice. There are some
criteria and principles for maintaining a constant policy in establishing MLs of
chemicals in food and feed but there is no guideline to show clearly the
methods step by step for setting MLs. Therefore, the aim of this manuscript is
to gather and summarized different international documents which describe
some necessary and preliminary steps for establishing maximum limits and

! https://www.wto.org/english/res_e/publications_e/ail7_e/sps_art5_jur.pdf
2_ Maximum Limits
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then describe the harmonized method which is used for establishing
international MLs for chemicals including heavy metals, nitrate but also
mycotoxins and pesticide residues and should be used for setting national

standards as well.

Establishing national MLs is a science based process, which needs different
proficiencies and actions. Different steps in setting MLs can be summarized in figure 1.

-Internal and external quality control
programs

-Improve the sKills of experts

’

Manual for food
sample preparation Development and

upgrading of laboratories

Producing accurate Development,

of foodstuffs

Continuous monitoling

Human health risk
assessment

implementation and

and correct data in coordination of test

Determination
of national food

Determination
of national

Risk

N

limits

Decision
makers

Setting maximum

Stakeholders

management
Stakeholders Decisi
ecision
/ makers

Figure 1- schematic steps and procedures for establishing maximum limits in foodstuffs
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According to figure 1, for establishing MLs in food stuffs, it is necessary,
to monitor pollutant concentration and assessing the risk, continuously and If a
country does not have a continuous and up-to-date pollutant monitoring
system, it cannot define national limits and it is better to use Codex standards
until the regular and reliable monitoring system is established.

The key point here is that there are two distinct approaches with different
ways:
1- Scientific approach, which includes continuous monitoring and risk
assessment of consumer health threats.

2- Legislative approach, which includes determining, implementing,
implementation and monitoring MLs.

These two approaches are related, but it is important to separate them and
understand how they interact. The next part of this guideline tries to clarify the
way to set standards taking into account the results of the risk assessment.
Each of these two concepts requires the implementation of different
infrastructures (Figure 1).

The two mentioned approaches can be summarized in four stages:
establishment of quality monitoring system, risk assessment, determination of
permissible limits and management and health monitoring of products and
consumers in order to prevent potential health threats. The first step in
determining the permissible limits is the establishment of a continuous and
reliable monitoring system in the country:

1- Quality monitoring system

The first step is to design a monitoring system. The more accurate
monitoring, the more reliable results. To plan a precise monitoring system, a
country must develop and upgrade its laboratories, improve the skills of
laboratory experts, and develop, implement, and coordinate test methods.
Also, each country should design a regular quality control program for its
laboratories, internal and inter-laboratories quality control programs are
important in this sector. Analysis of the same food sample in different
laboratories in the same country should, of course, provide similar results,
especially if the monitoring system is designed to use the results of different
laboratories. This can be achieved by doing the following:

0 If possible, use similar methods of analysis throughout the country;

0 Provide appropriate training for the personnel responsible for performing
the analysis;
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0 Organizing an inter-laboratory collaboration program in which control
samples are sent from the central laboratory organizing the program and the
results obtained are collected, categorized and evaluated,;

o restrict analysis to (accredited) laboratories that have adequate equipment
and well-trained personnel and have obtained satisfactory results in inter-
laboratory studies;

0 Periodic inspection of approved laboratories to ensure that operating
standards are maintained and reminder periods for experts responsible for
analyzes (GALAL-GORCHEYV, 1993).

With a quality control program, the country can be sure about the results of
monitoring and will have less uncertainty as a result of risk assessment studies.
Decision makers can then set national MLs with greater confidence.

Monitoring pollutant concentrations in foodstuffs entails a wide range of
actions and needs to accurate manuals for sampling, sample preparation and
analytical methods (fig. 1). In fact, monitoring includes routine measurements
to detect changes in level of contaminants in foods.

No government agency can ordinarily monitor all residues or chemicals,
nor is it required to do so. With a clear understanding of the toxicology and
potential detection of pollutants, it is possible to quantitatively identify the
pollutants that have the greatest impact on public health. Such systems would
allow governments to prioritize regulatory activities by prioritizing those with
the highest risk potential. (Infosan 2009)

The choice of foods and contaminants to be monitored will vary from
country to country, and may change with time as dietary habits and sources of
contamination change.

In designing such a monitoring system, for setting maximum limits, some
questions come up:

Assessing national food consumption habits is necessary for determine and
decide about sample preparation protocol. As an example, if people of a
country, are eating the cucumber with peel you should analyze cucumber
samples with peel as the ML is expected to protect consumer. Both of them
should be match with national food consumption survey. It means that, for
example if the cucumber is eating with peel and then are analyzing in
monitoring program with peel, consumption rate of cucumber should be
reported as cucumber with peel in national food consumption survey. This part
of work is so important and should be clarify in national standard document. If
this match does not exist, assessing human health risk leads to less precise
estimate of reality, also comparing the results of next monitoring with
standards will not be accurate. These parts are in motion and it is necessary to
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assess and modify them regularly. It is recommended to prepare an accurate
manual for each step to clarify the way.

1.1. What foods are on the list?

MLs should be set only for food that is significant for the total exposure of
the consumer to the

Contaminant. In this regard the importance of the food in the total diet
should be considered. Staple foods deserve special attention. Then it is
important to consider foods which are important in food basket of a nation.

In this monitoring system only foodstuffs with possibility of containing
pollutants should be considered. Foodstuffs not having the potential for
containing specific pollutant should not be included.

1.2. Sampling

Sampling of food should be done in the way that samples of each foodstuff
at the end can be representative of the real situation of that foodstuff in the
country.

The different approaches to sampling and the number of sample units that
are to be analyzed depends, among other things, on the potential hazard posed
by the combination of food contaminants, the availability of analytical
facilities and economic factors (GALAL-GORCHEYV, 1993).

Sampling should be designed to focus on and select foods for testing on the
basis of estimated risk. As such, food items consumed in greater quantities,
those that may be contaminated to a higher degree should be sampled and
tested with higher frequency. All sampling plans must consider the statistical
relevance of the number of samples analyzed. The sampling plan should lead
to a well-defined sampling schedule which would also identify the follow up
activities that will occur in relation to the sample including the testing that is
planned. Internationally agreed sampling plans, e.g. within Codex, should
preferably be used, if existing for the substance and commodity in question
(GALAL-GORCHEV, 1993).In this case, study COMMISSION
REGULATION (EC) No 1882/2006.

1.3. Sample Preparation

Assessment of national food consumption habits is essential to determine
and decide on sample preparation guidelines. For example, if the people of a
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country mainly and as a dietary habit eat cucumber with the skin, then in the
quality monitoring program, the laboratory should prepare and analyze
cucumber samples with the skin, because it is expected to determine the
maximum permissible limits for protecting consumers. In addition, both of
them (monitoring quality and dietary habits) should be consistent with national
surveys of food consumption (food basket and consumption rates introduced
in it). This means that, for example, if cucumbers are consumed with the skin
and then analyzed with the skin in monitoring program, the rate of cucumber
consumption should be reported as cucumber with the skin in the national food
basket. This part of the work is very important and should be clarified in the
national standard document. Because all the analyzes and the expression of the
results are based on the edible part. If this agreement does not exist, the risk
assessment of the threat to human health will lead to an inaccurate estimate of
reality, and the comparison of subsequent monitoring results with the
standards will not be accurate. These sections are constantly changing and
need to be regularly evaluated and revised.

The product as it should be analyzed and to which the ML applies, should
be clearly defined. In general, MLs are set on primary products. MLs should in
general preferably be expressed as a level of the contaminant related to the
product as it is, on a fresh weight basis. In some cases, however, there may be
valid arguments to prefer expression on a dry weight basis (this might be in
particular the case for contaminants in feed) or on a fat weight basis (this
might be in particular the case for fat soluble contaminants). Preferably the
product should be defined as it moves in trade, with provisions where
necessary for the removal of inedible parts that might interfere with the
preparation and the analysis of the sample. For contaminant purposes,
however, analysis and consequently MLs should preferably be on the basis of
the edible part of the product. (Codex stan193-1995).

It is recommended to prepare the accurate manual for each step to clarify
the way.

1.4. What pollutants are on the list?

Only pollutants which can enter to the edible part of products enter to the
list. MLs should be set only for those contaminants that present both a
significant risk to public health and a known or expected problem in
international trade.

Generally, in Total Diet Studies (TDS), most chemical substances in foods
are grouped into one of the following:
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» pollutant residues of substances being deliberately applied at other points
in the food production chain (e.g. pesticides and veterinary drug
residues);

e Contaminants from the environment (e.g. heavy metals, polychlorinated
biphenyls (PCBs) and dioxins);

» Natural occurring contaminants (e.g. mycotoxins and alkaloids);

» Contaminants formed during food processing (e.g. Polyaromatic
hydrocarbons (PAHS), furans and acrylamide);

e Contaminants transferred from food packaging or food contact materials
(e.g. phthalates and bisphenol)

In the monitoring, it is not necessary to consider all of these pollutants in
the monitoring list. Only pollutants which can accumulate in edible parts of
the foodstuffs will be considered according to:

1-The potential risk to human health posed by the contaminant. In
assessing this, the severity of the possible adverse effects (e.g. neurotoxic and
carcinogenic effects) must be taken into account,

2-Human exposure from food as well as from other sources and size and
type of population at risk,

3-The persistence, ubiquity and abundance of the pollutant in the
environment, its resistance to degradation, the possible conversion to more
toxic substances and accumulation in the food chain;

4-The feasibility of measuring the level of the contaminant in a reliable
manner in an adequate number of samples (GALAL-GORCHEV, 1993);

As mentioned, since all compounds cannot be assessed at the same time
based on resources available, a prioritization process based on a risk estimate
is conducted to determine the compounds for inclusion in the monitoring
program.

What are the characteristics of the monitoring?

Governments should operate a food safety program to ensure that food
available to the population is safe and compliant with established standards.
An effective food safety system should minimize the levels of contaminants
through the application of good practices and guidelines, such as Good
Manufacturing Practice, Good Agricultural Practice, Guidelines on
responsible and prudent use of antimicrobial agents in veterinary medicine,
while also pursuing the reduction of exposure to environmental contaminants
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in accordance to the principle of As Low As Reasonably Achievable
(ALARA). National and international organizations will thus establish
maximum residue limits (MRL) or Maximum limits (ML) to establish the
level of chemical that is acceptable in the food (INFOSAN, 2009).

Monitoring is a statistically-based, unbiased, random sampling, processing
and analysis of samples to provide profile information on the occurrence
and/or levels of chemical residues in pre-defined, normal sample populations.
In general, no direct enforcement action is taken on the basis of monitoring
alone. Monitoring activities are particularly useful for discerning residue
trends and identifying potential areas where directed sampling might be
indicated. In this type of program, trace-back activities to identify the source
of the residue should be undertaken. Total Diet Studies are an example of a
chemical monitoring program.

1.5. Program Cycle

Once the monitoring of residue content is identified and ranked from the
highest to the lowest, three important factors have a direct impact on the
planning cycle of the chemical residue monitoring program.

The first factor is related to the availability of an appropriate analytical
method. If there are residues anticipated but their detection is not possible then
clearly a monitoring program could not be implemented. Under these
circumstances the need for an appropriate analytical method would be
identified as a research need leading to method development activities.

The second factor is the availability of the products to be assessed in the
program. Some products may be available on a seasonal basis requiring that
the monitoring program be adjusted accordingly.

The third factor is the evaluation of information and data generated from
the previous monitoring

activities. After testing programs have been in place for some time, e.g. a
minimum of three years, the accumulated data is evaluated to determine if the
continuation of the sampling and testing program is still warranted. The time
period will be considerably longer for those programs in which the sampling
frequency is low, e.g. less than 300 samples per year. Thus after an initial
monitoring phase of three consecutive years, if a statistically valid sample size
indicates no residue findings, then the annual program may be discontinued
until there is a change in usage, tolerance or analytical sensitivity which would
warrant re-institution of the analysis (INFOSAN, 2009)



11 Guideline for setting national maximum limits of pollutants in Agricultural products

1.6. Some Points in the Implementation of a Sampling Plan

A monitoring plan is based on a random sampling of the food supply. Care
must be taken at every step of the process to ensure that different biases are
not introduced into the execution of the plan. Care must be taken in the
following general areas:

1) In ensuring that representative sampling of a commodity occurs. As such
a greenhouse tomato belongs to a different population than field tomatoes.
Each should be considered differently in the design of the sampling plan.

2) In eliminating the potential of bias when the samples are collected. If
field in section staff has suspicions related to specific samples they should not
be collected in the framework of a monitoring plan. These types of samples
are best collected under a targeted plan.

3) In the laboratory to eliminate bias based on previous history. If using
third party contract laboratories, care must be exercised to eliminate the
potential for conflict of interest.

4) In order to facilitate the evaluation of the results and ensure appropriate
follow-up. For example, care must be taken in recording all of the needed
information regarding the origins of the sample (INFOSAN, 2009).

1.7. Data Analysis
1.7.1. Data Reporting

In the framework of this reporting, a clear description of the intent of these
activities should be stated as well as a clear description of the
process/methodology used. These reports should be produced in a timely
manner in order to aid in the decision making process on whether to initiate
targeted monitoring activities in accordance with the legislative requirements.
The report should also include a discussion of the follow-up action if
applicable. The aim of this report should be to increase transparency for
regulators and regulated parties. The reports may also be useful for refined
exposure and risk assessments of the chemicals monitored, at the national
level (INFOSAN, 2009).

1.7.2. Treatment of samples < limit of detection (LOD) / quantification
(LOQ):

When analyzing a pollutant in any part of the environment such as
foodstuffs, non-detects (N.Ds) data can pose a problem for data analyses. This
problem occurs when chemical concentrations are below the detection limit of
the measuring devices. Also called “less thans” or “censored data”, the non-
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detect values can affect the look of the data graphically as well as affect
models, statistical summaries, risk assessment studies.

In pollutant monitoring, strategies for assessing the pollution or level of
safety, typically focus on the mean values of contaminants or the probability
that any measurement exceeds a limit.

Risk assessments often inappropriately report and handle data near the
limits of detection. Common errors include (1) omission of detection limits,
(2) failure to define detection limits which are reported, and (3) unjustified
treatment of non-detects as zero.

Then in treatment of non-detected values, there is two concepts: calculating
mean values (considering distribution of data), and risk assessment. In each
case it is necessary to know what treatment to apply.

The first step is to report the detection limit in the report.

Risk assessment is a key step for setting maximum limits of pollutants. The
practice of omitting information on detection limits from risk assessments is
inappropriate, both technically and ethically, because it conceals important
uncertainties about potential levels of undetected risk. For example, failure to
detect trichloroethene in drinking water at a detection limit of 50 parts per
billion does not establish acceptable levels of health risk; failure to detect TCE
at 0.05 ppb does. If risk assessors neglect to consider detection limits for
analytical data, they may overlook serious health threats. Furthermore,
detection limits should appear both in data summary tables in the body of the
risk assessment, and in tables of raw data in appendices.

In a generic sense, there are two types of analytical lower limits: detection
limits or limit of detection (LOD) and quantitation limits or limit of
guantitation (LOQ). The LOD is the lowest concentration that can reliably be
distinguished from zero, but is not quantifiable with acceptable precision. At
the LOD, the analyte is proven to be present, but its reported concentration is
an estimate. The LOQ is the lowest concentration which can be not only
detected, but also quantified with a specified degree of precision. At the LOQ,
the analyte is both proven present and measured reliably.

The routine assumption that site-related contaminants, if undetected, are
absent from samples is often unduly optimistic. Some frequently-encountered
carcinogens are significant potential health risks at levels below Detection
limits. Risk assessors should use professional judgment, augmented by the
decision path, to decide if hazardous contaminants should be assumed present
at levels below the LODs (USEPA, 1991).

The simple strategy is to once set not detected samples to 0, and once to
LOQ or ¥ LOQ. The mean is calculated in both situations. If the difference



13 Guideline for setting national maximum limits of pollutants in Agricultural products

between these two means is low, N. Ds= LOQ or ¥ LOQ are considered for
calculating average, in risk assessment studies and setting MLs.

If the difference is high, in risk assessment calculations N. Ds= LOQ or Y2
LOQ are used. Because in risk assessment studies it is important to consider
the safe side of reality. But for setting MLs N. Ds= 0 are used for calculating
average.

2. Risk Assessment

A human health risk assessment is the process to estimate the nature and
probability of adverse health effects in humans who may be exposed to
chemicals from different pathways, now or in the future. When the monitoring
is done for foodstuffs, the only pathway is considered is ingestion of that
foodstuffs. In the review of risk assessment for human health, the risks caused
by pollutants are divided into two categories:

A- Non-carcinogenic

Chemicals and heavy elements may cause non-cancerous diseases in
humans.

B- Carcinogenic

The US Environmental Protection Agency has classified the carcinogenic
properties of various substances and compounds based on human and animal
evidence. Substances that are carcinogenic to humans (which are often
diagnosed based on the data of human pathology studies) in category I,
substances in which there is a possibility of human carcinogenesis, in category
Il and substances which are not classified due to the lack of sufficient data and
evidence, or there is no evidence of their carcinogenicity, they are placed in
category Ill. The maximum allowed concentration of a pollutant in edibles is
determined by considering all its potential negative effects and based on the
placement of that pollutant in categories I to I1I.

For example, the maximum allowed concentration of pollutants in drinking
water is zero for substances in category I, and for substances in category Il and
I, it is calculated by different methods. Zero concentration is actually
unattainable. The requirement of environmental management is to approach
the pollutant concentration to zero. In any case, the maximum allowed
concentration for substances in category | is lower than the allowed amount
for pollutants in categories Il and I11.

The general purpose of risk assessment is to pay attention to the state of
contamination of soil, air, water or sediments, investigate all possible ways for
the organisms under investigation to be exposed to pollution, estimate the
amount of pollutants that enter the bodies of the organisms under
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investigation, and determine the negative potential effects of this pollutant
amount on those organisms. The general risk assessment process includes one
or more of the following steps. Sometimes, the sum of the other three stages of
risk assessment, i.e. exposure to risk, assessment of the relationship between
pollutant concentration and organism's response, and description of risk
probability are called risk assessment.

Step 1 - Hazard Identification

The risk assessor(s) examine whether a stressor has the potential to cause
harm to humans, and if so, under what circumstances.
Risk identification is a qualitative assessment of substances that exposure to
them causes negative effects in living organisms. One of the ways to detect the
harmfulness of a substance is to conduct studies on infectious diseases. If,
according to these studies, the frequency of a disease among the population
that has been exposed to a substance is more than the population that has not
been exposed to this substance, this substance is known as a harmful substance
for the health of living organisms.

Step2- Dose-Response Assessment

The risk assessor(s) gather information to determine the numerical
relationship between exposure and effects. In general, this part of the risk
assessment examines the relationship between the amount of the pollutant that
enters the body of the living organism and its effect on the body of the living
organism (response). The answer may be favorable or unfavorable. In risk
assessment studies, at this stage, it is possible to determine possible effects on
living organisms exposed to pollutants by using information from the pollutant
exposure assessment stage. Concentration-response curves are usually
prepared in medical studies and further discussion about them is avoided in
this section. It is only necessary to mention that one of the uses of these curves
is to calculate the concentration that has No Observable Adverse Effect Level
on living organisms (NOAEL). NOAEL is the highest possible concentration
of a pollutant without the significant emergence of negative responses in living
organisms. For example, the linear concentration-response curve, predicts the
increase in the amount of negative response, regardless of the amount of this
increase. NOAEL is used in some calculations related to risk assessment.

Step 3 - Exposure Assessment

Once steps 1 and 2 are identified, the risk assessor(s) examine what is
known about the frequency, timing, and levels of contact with the stressor.
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In this stage, living organisms exposed to a pollutant and the amount of
pollutant that enters their body is evaluated. All routes of exposure to a
pollutant and the relative contribution of each of these routes in the total
amount of pollutant input to the living organism are estimated. Paying
attention to how and in what ways a living organism can receive some amount
of a pollutant is the starting point of this review. For example, humans or
animals may be exposed to a pollutant through breathing, skin contact, or
ingestion.

In addition, identifying people who are at high risk (Highly Exposed
Individuals, HEISs) is also one of the important stages of this evaluation. This
group includes people whose exposure is more than the exposure of 95% of
the society, and they have the greatest probability of suffering the greatest
harm in the least amount of pollutants.

Step 4 - Risk Characterization

Risk characterization includes quantifying the risk by comparing exposure
to a reference value. In assessing the non-carcinogenic risk of heavy metals, a
function called Target Hazard Quotient (THQ) is used, which is the ratio of
the desired pollutant concentration to a Reference Dose Value (RfD). RfD is
the daily entry of a pollutant into a person's body during his lifetime, without
significant risk. The unit of RfD is usually milligrams per kilogram of body
weight per day. The RfD can be calculated by dividing the NOAEL by the
safety factor (between 10 and 100) and can be modified and adjusted for
comparison between species, as well as for studies related to chronic, semi-
chronic and acute exposure to a pollutant. This factor is related to the
extrapolation of converting data related to animal experiments to humans. A
THQ smaller than 1 indicates that there is probably no significant risk in the
life period of people. If the frequency and amount of being exposed to this
pollutant increases, the probability of its negative effects will also increase.

Carcinogenicity assessment quantitatively predicts the carcinogenic risk
potential of a pollutant. Of course, it is necessary to have information in
advance about the carcinogenicity of a pollutant and the conditions under
which cancer effects appear. Accepted risk levels for carcinogenic risk range
from 10 (the lifetime risk of developing cancer is 1 in 10,000) to 10° (the
lifetime risk of developing cancer is 1 in 10,000). In other words, a certain
concentration of a pollutant causes cancer in one person out of every 10,000
people or one person out of every 1,000,000 people.

A reference value, is maximum amount of pollutant can be entered to
human body without any adverse effect during their life time. These reference
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values are introduced by reputable international organizations including EPA
and EFSA.

The risk index in assessing the risk of non-cancerous diseases is calculated
from the following formula:
THQ= Estimated Exposure

Tolerable Daily Intake

Obviously, the amount of exposure to the risk factor in ideal conditions
should always be lower than the standard reference dose value introduced for
each factor.

The risk index in the risk assessment of cancer diseases is calculated from
the following formula:

Risk = Exposure x Potency (Slope Factor)

In this calculation, the value of slope factor, like the reference dose, is a
reference value that is obtained from the dose-response curves, and is the daily
entry of a pollutant into a person's body during the life period without the risk
of cancer.

In addition to THQ, the Margin Of Exposure (MOE) factor is also used in
Some cases.

MOE=BMDL/Exposure

Regarding the compounds for which it is possible to determine the
reference dose, the THQ formula is used and for the other group, the MOE
formula is used. BMDL is also a reference value obtained from dose-response
studies. In the calculation of MOE, the reference point is compared with the
amount of human exposure, and the conditions in which the amount of human
exposure is lower than the reference point by the uncertainty factor of the
study are considered as low risk conditions. For example, if the uncertainty for
BMDL10 is equal to 10,000, this means that the exposure level in the human
population must be 10,000 times lower than the BMDL10 obtained from the
animal study in order to consider the situation as low risk. It is recommended
to study the following documents for more information about risk assessment:

- USEPA. 1989. Risk Assessment Guidance for Superfund. Human
Health Evaluation Manual Part A

- FAO/WHO, Principles and Methods for the Risk Assessment of
Chemicals in Food, 2009

Beyond setting national MLs, a food contamination monitoring Program
and assessing human health risk, have benefits, which can be listed as follow:

1-Improved safety of foods;
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2-Warning of actual and potential food contaminations problems;

3-Provision of data on the intake of contaminants via food which contribute
to toxicological evaluations of possible human health hazards and to
epidemiological studies;

4-Improved economic prospects through better management and optimal
utilization of natural resources, and improved returns from the export of
quality-controlled food;

5-Continuing information on levels of environmental pollution in the
country, hence providing data that can contribute to eventual reduction in
pollution and to the overall improvement of the human environment;

6-Provision of reliable information to the public on the safety of foods;

7-Provision of a means of checking the effectiveness of established
regulatory mechanisms and a means of planning suitable technological
developments (GALAL-GORCHEYV, 1993).

3. Setting Maximum Limits (MLs)

Even if the exposure assessment is done with a scientific process, the
choice of MLs involves a lot of political and social considerations and is in
general the result of iterative exchanges between assessors and managers.

The main political/economic considerations when establishing a ML are:

1- The confidence in the monitoring system to detect high concentrations,
and

2- The percentage of the food production as well as the percentage of
imports

After reporting the results of national monitoring program, the first step
should be to consider the monitoring data with 2 objectives:

e Toassess the human health risk based on mean concentrations,
e Toestablish a ML based on high percentiles

At the beginning if risk assessment study showsno risk (based on the
mean), When a country has a reliable monitoring system, they can set the ML
close or exactly equal to the maximum concentration was observed, assuming
that even high values will not affect the mean and consequently the risk.

If risk assessment study shows risk (based on the mean), MLs should be set
at a lower level (maybe 95™ percentiles) with the hope that this cut in the tail
of the distribution will shift your whole distribution to the left (e.g. due to
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improvement of agricultural practices and higher quality in food products
import) and consequently decrease also the mean value.

These two rules are used in countries with regular and reliable monitoring
system, for countries they have a more limited monitoring program, they must
set their national MLs close to Codex ones without risk for consumers to have
a fluid local and export market.

Later on if after establishing MLs the new monitoring and risk assessment
shows a risk it means that the mean value increased with a distribution shifted
to the right despite the MLs. this is problematic, but if it happens it means that
either one of the monitoring (pre-ML or post-ML) was not correct or that the
ML has not be correctly enforced.

When a country is proposing a new/higher ML to Codex it is based in
general to high concentrations detected in few samples that the country
producer does not want to be excluded from the international market. Then the
country producer is providing data with the distribution of contamination
which is in general more skewed than the one previously considered. In
practice the mean value for the new distribution is the same but the maximum
value is higher. With that the JECFA is assessing the exposure and because the
mean is the same there is no impact on long term exposure, then the proposal
of that country will accepted.

The same strategy should be used for setting national MLs. It means that
when one of the stakeholders in a country claim for a higher value as MLs,
based on their monitoring data, decision makers, should consider the mean
value for the new distribution, if it is the same but the maximum value is
higher. Decision makers should assess the risk and because the mean is the
same there is no impact on long term exposure, then they can accept the
proposed value as new ML.

In this regards, the number of high values is important to don’t affect the
mean value of distribution, if the number of high values not only affect the
maximum level but also the mean level and therefore lead to a higher exposure
possibly above the reference values, the proposal for setting the national ML
to the new higher value, is rejected.

Even in the current situation and with a specific ML in the country, the
market management should be guided by continuous monitoring in a way that
the amount of concentration of the compound or harmful element in a certain
period of time is the same as the data used to evaluate and determine the ML.
be preserved Because going up even with the observance of ML will actually
mean crossing the red line of danger.

In summary for risk management and national ML setting, there should be
a strategy as the strategy is used in the world: the ML should not be higher
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than the Codex to avoid importing the most contaminated lots and should not
be too low to avoid excluding a part of the internal production from
international trade and to avoid paying a higher price for imported food. At the
same time, it is necessary to continue monitoring food on the internal market
to make sure that the mean contamination is not increasing with conseguences
on consumers.

The establishment of MLs should be carried out in a scientific manner that
is open and transparent to both domestic and international stakeholders. The
World Trade Organization Agreement of Sanitary and Phytosanitary Measures
(SPS Agreement) recognizes that international standards, such as the OIE
standards for animal health and zoonoses and Codex standards, including
MRLs for veterinary drug, pesticide residues and MLs for contaminants, are
generally based on risk assessments using scientific principles and methods
and Codex standards are the international (global) benchmark for food safety.
National measures and regulations consistent with Codex standards are
deemed to meet the requirements of the SPS Agreements. The SPS Agreement
recognizes that individual nations can set more restrictive limits, however in
doing so, countries should provide scientific justification that such more
restrictive measures are required to achieve their appropriate level of
protection, as well as demonstrate that the measure taken is based on an
assessment of risk (INFOSAN, 2009).

In addition to method which described above, numerical values for MLs
should preferably be regular figures in a geometric scale (0.01, 0.02, 0.05,
0.1,0.2, 0.5, 1, 2, 5 etc.), unless this may pose problems in the acceptability of
the MLs. Also MLs should apply to representative samples per lot. In
addition,MLs should not be lower than a level which can be analyzed with
methods of analysis that can readily beset up and applied in food and feed
control laboratories, unless public health considerations necessitate alower ML
which can only be controlled by means of a more elaborate and sensitive
method of analysiswith an adequate lower detection limit (codexstan 193-
1995).

4. How a country can be sure the mean concentration will not increase?

This part of the article is about managing the safety of food products under
consideration or risk management before it occurs. As it was mentioned in the
text, due to the importance of being present in the global markets and the need
to simultaneously consider the health of consumers and the interests of
producers, importers and exporters of food products, the permissible limits of
pollutants should be set in a way that is consistent with what is done in the
world and international forums. In parallel, in order to maintain and monitor
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the possible threat to the health of consumers, it is necessary to make detailed
policies in this field.

If a country increases the limits and therefore they modify or open the
market to food possibly more contaminated, then there is a risk for the next
monitoring to be different. It cannot be known for sure if the increase of the
MLs will impact the mean concentration and then the risk. What can a country
do to stay in safe side?

One possibility is to set a target value corresponding to the maximum mean
that they can accept without risk. When you receive food and you check for
compliance with MLs you can also follow how much of the lots are exceeding
the target value. Those lots below the MLs and above the target values should
be accepted but if you see that too many of them are exceeding the target value
you can react more rapidly i.e. before the next global monitoring. It requests a
lot of coordination with customs but for a staple food like rice it should be
feasible.

The target value is not a standard so it would not be legal to reject batches
contaminated above the target value but in such a case the decision would
depend a lot of the relationship between importers and exporters. In other
words what is your margin of maneuver as importer to force the exporter to
improve the quality? One solution could be the price: you can pay less for a
batch contaminated above the target value. Other innovative actions can be
taken by experts in the field of the trade negotiation and not of scientific risk
assessment.
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