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1. INTRODUCTION

The major reason to set limits to contamination levels 
of chemicals in animal feeds and feed ingredients is 
to ascertain that safe levels of those chemicals will 
be achieved in animal products intended for food. 
Limits in food are set for some contaminants to avoid 
high exposure levels for humans. There is a limited 
range of chemicals for which limits in feed as well 
as in food are provided: dioxins and dioxin-like 
PCBs, Aflatoxin B1/M1, cadmium, lead, and 13 “old” 
pesticides (Directive 2002/32/EC). In most cases the 
limits in feed and those in food are not empirically 
related to each other: usually feed limits are related 
to contamination levels commonly found in practice, 
applying the principle of as-low-as-reasonably-
achievable (ALARA) if desired, whereas food limits 
are usually based on tolerable daily or weekly intake 
levels for human consumption.

This situation results in different backgrounds for 
feed and food limits, and is due to the lack of sufficient 
data for carry-over from the feed, through the intestine 
and the metabolism of the animal to the target organ 
or product. More recently, tools for calculating this 
carry-over estimating the final level in the target organ 
have become available, in combination with relevant 
data from animal studies.

Calculation models for simulating the carry-over 
from feed to food have to be designed and adjusted 
individually to a specific combination of contaminant-
animal-target product. This specific set of data and 
parameters include the behavior of the contaminant in 
the target animal and organs, contamination levels in 
the diet components, composition of the diet and daily 
consumption. The level of detail depends on the type 
of simulation model applied.

It is vital to obtain relevant compound and animal 
related data and a possibility to define the correct 
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mathematical model for the actual calculations. 
Therefore, a group of Dutch research institutes together 
with the Dutch Food and Consumer Product Safety 
Authority (VWA) is developing an expert system 
for performing the complex process of collecting the 
necessary data, deciding on the simulation model 
and performing the calculations. This paper presents 
a preliminary report on the development of an Expert 
System Carry-Over.

2. MODELING CARRY-OVER

The simulation of the deposition or excretion of 
contaminants from feed to animal products for human 
consumption such as meat, milk and eggs, and of 
the elimination of the compound via metabolism or 
excretion can be achieved in several ways.

Let us assume a situation in which an animal is 
exposed for a certain period of time to a chemical 
compound at a background level, followed by a second 
period of excessive exposure, and a third and last period 
of time with (again) exposure at background level. A 
first choice might be the application of an exponential 
model, which can explain the accumulation or the 
elimination by a gradual achievement of a Steady State 
level1. The slope and final level of the curve depend 
on several parameters. These are in non-mathematical 
terms the carry-over rate to the target organ or product, 
and the half-life time of the chemical in the target 
animal. A schematic representation is given in figure 1 
(van Raamsdonk, in preparation). For this model, as 
applies to the other approaches as well, data on the 
consumption amount, composition of the daily diet, 
composition of the animal (e.g. age related), and 
weight of the target organ or product are needed for a 
successful application of the model.

Another more detailed approach is the use of 
physiological-kinetic models, in which different 
body compartments are considered simultaneously 
(e.g. blood serum, body vs milk fat, different organs, 
etc.). Such models allow to predict more precisely 
the accumulation or elimination in the course of 
time, since different half-life times might apply to the 
different compartments. Because of that, a larger set of 
parameters is needed. The possibility of different half-
life times is reflected in different slopes for parts of the 
curves. In figure 2 the estimation in the first part of 
each of the three periods of exposure is estimated more 
accurately compared to exponential modeling (e.g. van 
Eijkeren et al., 2006).

In certain cases the elimination of the chemical 
compound might be (almost) zero. The parameter 
half-life time is very high or infinite in these cases. 
Linear models can easily be applied in which the speed 
of the accumulation (the slope of the line) is directly 
calculated from the level of the exposure (Figure 3). 

On the other hand, the parameter half-life time can 
be (extremely) low. For some chemicals the situation 
applies that in a few hours or days the balance between 
accumulation and elimination has been reached (Steady 
State). In situations where only the Steady State 
period is of interest, the final level can be calculated 
with ignorance of the half-life time, using the direct 
relationship (carry-over rate) between exposure and 
Steady State level (Figure 4).

The availability of parameters, or in more general 
terms the level of knowledge, for a combination of 
chemical compound/target animal/target organ or 
product, directs partly the choice for a particular 
model. In a large range of cases reliable parameters 
are not available at all. In such cases data and results 
from literature can be selected, which describe as good 
as possible the situation at hand. A meta-analysis of 
published experiments was carried out. From each 
dataset a transfer factor was extracted, that describes the 
behavior of the contaminant as precise as possible for 
the specific circumstances. In a more general approach 
physical parameters for the chemical compound or for 
the entire group (e.g. heavy metals) can be extracted 
from literature. These physical parameters can be used 
to predict the behavior of the compound in the animal 
body. A large Transfer Database is available with data 
from literature and scientifically approved factors 
(Leeman et al., 2007).

3. MODEL CHOICE

The choice for the optimal model or dataset depends on 
two major aspects: the level of knowledge as mentioned, 
and the circumstances of the specific situation that 
leads to performing the calculations.

Reliable application of simulation models for carry-
over is not exclusively based on the presence of a (set 
of) mathematical equation and parameters, but also on 
the calibration and validation of the model used. Up 
to now a set of models is tested and documented for 
several situations in The Netherlands, as are listed in 
table 1.

Models and data can be used for the verification of 
compliance to feed and food limits. The same tools can 
be used in case of incidences with high exposure. It is, 
however, not obvious in all cases that the parameters 
carry-over rate and half-life time can be used for all 
possible levels of exposure. For some chemicals 
(e.g. lead) other parameters apply in situations of 

1 A Steady State situation is defined here as the state in which 
the daily intake equals the daily elimination by metabolism 
or by excretion, including elimination via milk and eggs.
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Figure 1. Exposure of an animal in three stages at respectively moderate, high and moderate level, and the resulting development 
of contamination levels in an animal product, calculated using an exponential model.
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Figure 2. Exposure of an animal in three stages at respectively moderate, high and moderate level, and the resulting 
development of contamination levels in an animal product, calculated using a physiological-kinetic model. The difference 
with the exponential model is indicated.

Figure 3. Exposure of an animal in three stages at respectively moderate, high and moderate level, and the resulting development 
of contamination levels in an animal product, calculated using a linear model. The difference with the exponential model is 
indicated.
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Figure 4. Exposure of an animal in three stages at respectively moderate, high and moderate level, and the resulting development 
of contamination levels in an animal product, calculated using a steady-state model.
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incidental high exposure compared to moderate (level 
of feed limits) or low (background) levels. The type of 
assessment and the type of questions (are predictions 
requested for an expected withdrawal period to reach 
levels below the limit, or for an expected level) direct 
the choice for the model to be applied as well.

4. NECESSARY DATA

Several types of data are necessary to apply successfully 
the presented models. These are:
– composition of the animal daily diet: share of 
 compound feed, fodder and other sources, 
 composition of the compound feed,
– amount of the daily consumption,
– animal parameters (animal total weight, share of the 
 different organs or tissues, daily production, growth 
 of the animal),
– contamination levels of the target chemical compound 
 in feeds and feed ingredients. For compliance to feed 
 and food limits the limit values can be applied. In the 
 case of an incidence the incidental high contamination 
 levels are to be used,
– parameters of the chemical compound. In a lot of 
 cases a contaminant is metabolized in the animal, 
 resulting in metabolites with a lower or higher 
 toxicity. A situation where the contaminants or its 
 metabolites are excreted, an exponential equation 
 can be applied, where carry-over rate and half-life 
 time describe sufficiently such a situation. A kinetic 
 mass balance between intake, plasma, organs and 
 excretion can be described by using a physiological 
 kinetic model, requiring exchange parameters 
 between the different compartments. The application 
 of more than one model or parallel running models 
 might be desired when metabolites have their own 
 toxic effect and toxicity level. In all these cases (large 
 ranges of) parameters should be readily available 
 from studies and literature. As an alternative 
 estimations can be made, solely based on physical 
 parameters extracted from the database. In all cases 

 information on the bioavailability (absorption in the 
 intestine) need to be available
– data on the normal occurring background levels 
 in feed and food products (Dutch database KAP). 
 These data can be used for calibration of the models. 
 Provided all the data and parameters from databases 
 or from literature and given the normal (background) 
 exposure of the contaminant in the daily diet of the 
 target animal, the model should estimate the normally 
 occurring contamination level of the contaminant in 
 the food product under study.

The results of the calculations depend for a large 
extent on the reliability and estimation of all parameters 
and data. “Average” animals and daily data can be 
assumed, but local or regional differences can deviate 
largely. Expert judgment for both the source and the 
validation of parameters and data is essential in all 
cases.

5. EXAMPLE: DIOXIN CARRY-OVER TO 
MILK

Dioxins cause an important burden on the production 
chain of animal products for human consumption. 
Several incidences have occurred in the past (e.g. 
Hoogenboom et al., 2005; 2007). It is important to 
know the relationship between the feed and food 
limits for dioxins in terms of totalTEQ; comparison 
is possible since limits for both feeds and products 
of animal origin have been set. Calculations based on 
levels of totalTEQ are allowed for a series of different 
dioxin congener spectra (van Raamsdonk et al., in 
preparation). A typical set of parameters for the carry-
over from feed to milk fat consists of:
– consumption of dry matter: 15 kg per day (source: 
 ASG),
– feed limit: 0.75 ng TEQ.kg-1 (source: Directive 
 2006/13/EC),
– the daily exposure at maximum allowed level: 
 11.25 ng TEQ per day,

Table 1. Documented cases of carry-over of a contaminant to one or more animal products, with an indication of the type of 
model used in the Dutch Expert group Carry-over.

Model approach Chemical contaminant Target product/organ

Physiological-kinetic model Dioxins Milk fat, body fat, yolk fat (eggs)
 Chlorinated pesticides Egg
Exponential model Cadmium Cattle kidney
 Aflatoxin B1/M1 Milk
Steady State model Aflatoxin B1/M1 Milk
Linear model Cadmium Cattle kidney
Transfer Database Nickel Organs of cattle, body fat, milk
 Sulfamethoxazole (SMX) Organs of poultry, body fat, egg
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– animal production: 1 kg milk fat per day (25 liter 
 milk with 4% milk fat; source: ASG),
– food limit: 3 pg TEQ.g-1 milk fat (source: Regulation 
 199/2006/EC).

The prototype of the decision tree directs to the 
application of a physiological-kinetic model approach. 
The data table with information on the availability 
of a sufficient knowledge level indicates that a set of 
parameters for the compound/product combination is 
readily available to apply this approach.

Calculations indicate that with the mentioned 
parameters and the parameters for the physiological-
kinetic model a Steady State level will be reached just 
below the legal limit of 3 pg TEQ.g-1 milk fat (personal 
communication van Eijkeren, RIVM, figure 5). For 
comparison, exposure of laying hens to the feed limit 
(0.75 ng TEQ.kg-1) will result in an excess of the food 
limit in eggs (3 pg TEQ.g-1 yolk fat). The expected 
level will be approx. 13 pg TEQ.g-1 yolk fat, depending 
on the feed regime. In order to reasonably avoid excess 
of the food limit, feed limits are being predicted to be 
around 0.17 ng TEQ.kg-1 (van Eijkeren et al., 2006).

Other examples are currently available in the Dutch 
Expert group Carry-Over: cadmium to kidney in cattle 
(Franz et al., 2008), nickel to cattle (Leeman et al., 
2007), aflatoxin B1 to M1 in milk (unpublished results) 
and sulfamethoxazole (SMX) to chicken (Leeman et 
al., 2007).

6. THE EXPERT SYSTEM CARRY-OVER

This expert system is planned to consist of four different 
modules (see also figure 6):

Calculation models. Documented time based 
physiological-kinetic (van Eijkeren et al., 2006), 
exponential and linear models (Franz et al., 2008), 

as well as Steady State models and a comprehensive 
database on carry-over (Leeman et al., 2007) are 
available (see also table 1).

Decision tree. Based on circumstances of the 
assessment, the level of expertise and the combination 
chemical compound-animal-target product, a decision 
tree guides the user to the optimal choice for a 
simulation model.

Knowledge grid. A table ordered along chemical 
compounds and target animal/organ consists of 
indications for the level of expertise currently present 
in the group of experts, and of subtables for specific 
groups of chemicals, e.g. heavy metals, mycotoxins, 
chlorinated pesticides. Every cell is, when applicable, 
supported by a page with a summary of the literature 
available and of the primary indicators. Parameters 
for a range of chemical compounds are published and 
discussed by Kan et al. (2007).

Databases. Data on consumption amount, composition 
of the daily diet of major farm animals, background 
levels of chemical compounds in feeds, overview of 
legal limits, and data on composition of animals and 
production of animal products are collected in order to 
provide data for calculations. 
The expert system is currently in development and, as 
already mentioned, prototypes of parts are available.

A further development is the connection of animal 
carry-over models with soil-plant transfer models, in 
order to estimate contamination levels in roughage 
based on the available levels of the contaminant in soil. 
Estimations of levels in vegetables and animal products 
can be used as input for human exposure models. A 
chain of models including interactions between soil, 
plant, animal product and human exposure has been 
used to describe the cadmium contamination levels in 
the food production chain (Franz et al., 2008).

7. CONCLUSION AND RECOMMENDATIONS

The dioxin example shows that compliance to a feed 
limit does not necessarily mean that food limits for all 
animal products are not exceeded. It appears possible 
to estimate the carry-over of a particular chemical 
compound to an animal product by using a calculation 
model or by derivation of transfer factors from the 
Transfer Database. The optimal choice can be directed 
by using a decision tree based on the circumstances 
of a specific situation and the available knowledge. 
Supporting information on consumption and production 
is present.

An Expert System Carry-Over can provide the 
necessary means for achieving several goals:

Figure 5. Physiological-kinetic modeling of the development 
of the level of dioxins in milk fat during a long-term exposure 
at the level of the legal limit in feed (0.75 ng TEQ.kg-1). 

0.75 ng TEQ.kg-1

time (day)

0 100 200 300 400
0

1

2

3

C
on

ce
nt

ra
tio

n 
(p

g 
TE

Q
. g

-1
 fa

t)



56 Biotechnol. Agron. Soc. Environ. 2009 13(S), 51-57 van Raamsdonk L.W.D., van Eijkeren J.C.H. et al.

– setting feed and food limits, and estimating the 
 compliance between these limits,
– calculation of the ALARA contamination level 
 throughout the production chain (ingredient-feed 
 product),
– deciding on the optimal choice for a calculation 
 model for a particular incidence (and possible risk) 
 in the chain,
– providing an overview of expertise levels for 
 individual chemical contaminants and groups of 
 contaminants.

A useful side-effect of having tables with summaries 
of the available expertise is the support for future 
research planning.

It is strongly recommended to continue the 
development of this expert system at a European level. 
Integration of an Expert System Carry-Over with the 
other steps of the food production chain (e.g. soil-
plant interactions and human exposure models) will 
greatly enhance the possibilities for risk analysis and 
management of chemical components.
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