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Abstract
In Germany, there are numerous legal regulations that address radioactivity in food, animal feed and environmental sources. 
With regard to the accident-relevant radionuclides 137Cs and 90Sr, the Radiation Protection Act is of particular importance. 
When calculating the consumer’s exposure to radiation, all relevant entry paths, e.g. air, feed, crop or cow milk must be 
taken into account. Compliance with the limits of the effective dose and of individual partial body doses is controlled and 
ensured by a variety of regulations, including, but not limited to strict regulations and requirements for the operation of 
nuclear facilities. A comprehensive monitoring of radioactivity from various environmental and dietary sources is mandatory 
in order to ensure consumer’s safety.
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1  Regulatory framework for monitoring 
the environmental radioactivity 
in Germany

The monitoring of environmental radioactivity in Germany 
in the field of feed and food is federally organized and 
includes a nationwide measuring system that is anchored 
in the radiation protection law (Supplementary Material, 
Fig. S1). The Council Regulation (2016/52/Euratom) sets 
and adjusts maximum values, and in the case of nuclear 
accidents, Commission Implementing Regulation (EU) 
(2017/2058) controls the maximum radiation values for the 
import of food from the area around Fukushima, Japan. In 
addition, the Codex Guideline for radionuclides in contami-
nated foods defines limit values after a nuclear or radiologi-
cal accident accident (Codex Guideline, Codex Alimentarius 

Commission 1989). Furthermore, the Basic Regulation (EC 
(2002) No. 178)  defines in Article 14 general requirements 
regarding the safety of foods.

The coordinating office for monitoring the environmen-
tal radioactivity in soil, vegetation, feed and food of plant 
and animal origin is affiliated with the Max Rubner-Institut 
(MRI), the Federal Research Institute for Nutrition and 
Food, Department of Safety and Quality in Milk and Fish. 
The coordinating office in Kiel (Germany) conducts research 
in the field of radioecology of the dairy food chain, carries 
out comparative analyses, develops new sampling, analy-
sis and measurement methods and is part of the “Integrated 
Measurement and Information System for Monitoring Envi-
ronmental Radioactivity (IMIS)” (AVV-IMIS 2006). The 
overarching goal of IMIS is to ensure radioactivity moni-
toring in Germany and to keep human radiation exposure 
and radioactive contamination of the environment as low 
as possible in the event of accidents with potentially sig-
nificant radiologically effects (overview of measures to 
reduce radiation exposure after events with not insignificant 
radiological effects, revision of the catalogue of measures, 
Volume 1 and 2 Recommendation of the Radiation Protec-
tion Commission). The tasks of the coordinating office are 
regulated by the Radiation Protection Ordinance (StrlSchV 
2018) and the Radiation Protection Prevention Act (StrVG 
1986). This act is meant to “reorganize the right to protect 
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against the harmful effects of ionizing radiation” (Radia-
tion Protection Act, StrlSchG 2017), in which the Radiation 
Protection Ordinance and the Radiation Protection Precau-
tionary Act will be integrated in the future. The Radiation 
Protection Ordinance (StrlSchV 2018) was passed by the 
Federal Council on 12 May 2017 and on 27 June 2017 by 
the German Bundestag. The intention of the Radiation Pro-
tection Ordinance was to improve the radiation protection 
in Germany, to make it clearer, and to reduce unnecessary 
bureaucratic obstacles. With this new act, the Bundestag was 
also implementing the Directive (2013/59/Euratom) of the 
European Council from 5 December 2013. The first parts of 
the Radiation Protection Act, which relate to emergency pro-
tection, came into force on 1 September 2017. The Radiation 
Protection Act replaces the previously applicable provisions 
of the X-ray Ordinance and the Radiation Protection Ordi-
nance. The part of the Radiation Protection Act relevant for 
monitoring environmental radioactivity entered into prac-
tice on 31 December 2018. The new Radiation Protection 
Ordinance was available on 29 November 2018 Federal Law 
Gazette I, p. 2034, 2036.

The peculiarity is that the current EU regulations no 
longer mention the dose values, but instead specify radioac-
tivity levels (specific activity) in various food groups above 
which the placing of food and feed on the market is prohib-
ited. These values are called EU maximum values and are set 
out in Council Regulation (2016/52/Euratom) of 15 January 
2016 (Table 1).

2  Integrated measurement and information 
system for monitoring environmental 
radioactivity

In 1986, the IMIS was developed in order to process and 
to document environmental radioactivity data in Germany. 
This system includes federal and federal states (“Länder”) as 
measuring devices for monitoring radioactivity in the envi-
ronment. It is an IT-based communication system for the 

transmission and processing of the measured radioactivity 
data. In routine operation, the system is used to obtain ref-
erence values for the assessment of future radioecological 
events. In addition, the work tasks between the federal and 
Länder governments are defined in IMIS. Furthermore, the 
sampling locations, the environmental media, the measure-
ment methods and the federal measurement networks are 
defined. The federal government institutions are responsi-
ble for the large-scale determination of radioactivity in air, 
in precipitation, in the federal waterways, in the North and 
Baltic Sea, and the measurement of the ambient gamma dose 
rate in Germany. The tasks of the Länder institutions are to 
determine the radioactivity in food, tobacco products, com-
modities, pharmaceuticals and their raw materials, water 
(drinking water, groundwater and surface water), waste 
products (including wastewater, sewage sludge, residues 
and waste), soil and plants and in fertilizers. The radioac-
tivity monitoring of the food chain is the task of the Länder 
institutions on behalf of the federal government. The inten-
sive program replaces the routine program in the event of 
an accident with an increased release of radioactive sub-
stances into the environment, in order to ensure a quick over-
view of the radioecological situation. The measurement of 
basic radioecological data set a basis for recommendations 
for precautionary measures in order to minimize radiation 
exposure for consumers and is therefore one of the tasks of 
the IMIS. IMIS also enables an estimation of the expected 
event-related radiation exposure.

3  EU maximum activity concentration 
in food

The specified maximum activity concentration in foodstuffs 
(Bq/kg) will be implemented by the EU Commission imme-
diately after a radioecological accident. These values are 
then valid for a maximum of three months and are binding 
for all EU member states. During that period, the measured 
activity values are checked, and if the activity values are 

Table 1  EU maximum activity concentration in foodstuffs (Bq/kg) according to Council Regulation (2016/52/Euratom) of 15 January 2016

Food (1)

Food for infants Milk products Other foods other 
than minor food-
stuffs

Liquid foods Food of minor 
importance

Strontium isotopes, especially Sr-90 75 125 750 125 7500
Iodine isotopes, especially I-131 150 500 2000 500 20,000
Alpha-particle-emitting plutonium isotopes and trans-

plutonium elements, in particular Pu-239, Am-241
1 20 80 20 800

All other nuclides with half-lives of more than 10 days, in 
particular Cs-134, Cs-137

400 1000 1250 1000 12,500
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below the provisional maximum values, placing food or 
products thereof on the market will be again permitted.

The cesium maximum values after the Chernobyl nuclear 
accident in 1986 in relation to 134Cs and 137Cs for baby food 
and dairy products is 370 Bq/kg and for other foods 600 Bq/
kg (Supplementary Material, Table S2). The maximum val-
ues are generally applied within regions of Europe that are 
still radioactively contaminated as a result of the Chernobyl 
disaster. The maximum values refer to cesium isotopes in 
baby food, dairy products and other foods (Council  Regula-
tion 2008). On 11 March 2011, an earthquake and tsunami 
at the Japanese nuclear power plant in Fukushima caused 
an explosion with a significant release of radioactivity. That 
incident resulted in temporary maximum values for Japa-
nese food imports and the validity of the regulation was later 
extended, most recently regulated in Implementing Regu-
lation (2011). The maximum values were revised again in 
early April 2012 (Supplementary Material, Table S3). The 
reason for this was the drastic reduction of the maximum 
values for the long half-life cesium nuclides in Japan, which 
was followed by the European Union. Since 2017, these 
cesium maximums (Supplementary Material, Table S3) have 
therefore been applicable to products from Japan (as well 
as within Japan) according to Commission Implementing 
Regulation (EU) (2017/2058).

4  Results

4.1  Radioactivity in milk and milk products

Milk and milk products are essential components of a 
traditional Western diet also in Germany (Willett  and 

Ludwig 2020; Deutsche Gesellschaft für Ernährung DGE 
2020). This is one of the reasons why raw milk is of par-
ticular importance as an indicator for monitoring envi-
ronmental radioactivity. Figure 1 shows the course of the 
activity concentrations of 137Cs and 90Sr in raw milk for 
the period from 1960 to 2015 (Annual Report 1990–2015). 
The increase in activities in the early 1960s and 1986 is a 
result of the above-ground nuclear weapons tests and the 
reactor accident in Chernobyl, respectively. In contrast, 
the reactor accident in the Fukushima Daiichi nuclear 
power plant in Japan in 2011 did not lead to a measur-
able increase in the activity concentrations in German raw 
milk.

The 90Sr activity concentration in 2014–2015 remained 
at a constant, low level (Supplementary Material, 
Table S4). Other accident-relevant radionuclides such as 
131I and 134Cs that were deposited after the Chernobyl acci-
dent were no longer detected in the environment due to 
their short half-lives of eight days and two years, respec-
tively. Milk products may be put onto the market after a 
nuclear accident up to 125 Bq/kg for 90Sr and 1.000 Bq/kg 
for 137Cs. The current 137Cs maximum values for baby food 
and milk according to the Chernobyl regulation is 370 Bq/
kg (compare with data from Tables S4 and S5, Supplemen-
tary Material). However, the radioactivity monitoring in 
Germany shows activity concentration values of 4.38 Bq/l 
for 137Cs and 0.15 Bq/l for 90Sr for raw milk, respectively. 
These values are far below the current EU maximum activ-
ity concentration for milk and milk products (Table 1).

Fig. 1  Annual mean values of the 90Sr and 137Cs activities of raw milk in Germany from 1960 to 2015
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4.2  Radioactivity in total diet, infant and toddler 
food

Sampling of the total diet is used to estimate the alimen-
tary radiation dose in adults (Supplementary Material, 
Table S6 and S8, for baby and infant foods see Table S7). 
Ready-to-eat menus for communal catering from canteens, 
homes, hospitals and restaurants are constantly measured. 
The total diet samples are daily rations for adults. The 
mean daily dietary 137Cs activity intake for an individ-
ual is expressed in Bq per day and person [Bq/(d × p)]. 
In 2014 and 2015, these values were 0.24 and 0.23 Bq/
(d × p). It has to be kept in mind that these data contain 
a relative high percentage of values below the detection 
limit of cobalt-60 being 0.4 Bq/(d × p). In the same years, 
the values for 90Sr were 0.09 and 0.12 Bq/(d × p), respec-
tively, with the same limitations mentioned for 137Cs. In 
case of feed, for example the maximum values for the sum 
of 134Cs and 137Cs must not exceed the following values: 
pork 1.250 Bq/kg, poultry, lamb and veal 2.500 Bq/kg 
and others 5.000 Bq/kg according to Council Regulation 
(2016/52/Euratom).

4.3  Radioactivity in plants and feed

The migration of the radionuclides 137Cs and 90Sr into the 
soil is very slow. This phenomenon is comprehensively 
reported in the annual reports on environmental radioactivity 
(Annual Report 1990–2015) of the past 25 years and pub-
lished by the Federal Ministry for Environment, Nature con-
servation and Nuclear Safety. Since both radionuclides have 
a long half-life of 30.17 and 28.78 years, respectively, their 
specific activity in the soil changes only slightly from year to 
year. Occasionally, larger fluctuations in the measured values 
at one location can be observed and may be attributed to 
different sampling methods. Contamination of the soil with 
137Cs was observed in 2015 due to the deposition of 137Cs 
after the Chernobyl accident, while the 90Sr contamination 
largely originates from the time of above-ground nuclear 
weapons tests from 1960–1970. During the vegetation peri-
ods 2014 and 2015, various plant samples were measured 
spectrometrically by the Länder measuring points (Supple-
mentary Material, Table S9). The focus of the measurement 
was on plants that serve as feed, especially from pasture and 
meadow vegetation. Feed raw materials are monitored in 
some federal states (e.g. Bavaria) (Supplementary Material, 
Table S10). This product group includes: corn/maize silage, 
beet, feed grain, feed potatoes, green forage plants, peas, 
rapeseed, oil cake/meal, sunflowers and concentrate mixes. 
On average, the values are between < 0.2 and 0.9 Bq/kg dry 
matter for 137Cs. In case of maize and maize silage values up 
to 14.1 Bq/kg dry matter for 137Cs was measured.

5  Conclusion

The reactor accident at the Chernobyl nuclear power plant 
in 1986 led to serious environmental contaminations in 
Ukraine. Subsequently, large amounts of radionuclides 
were also released into the atmosphere and distributed 
across Europe. In Germany, particularly the southern 
part was heavily affected by the radioactive precipitation. 
The contamination of the soil with 137Cs was sometimes 
up to 100.000 Bq/m2. In contrast, the reactor accident 
in Fukushima (Japan) in 2011 had a negligible effect on 
the radioactivity in animal feed and foods and products 
thereof consumed in Germany. Since 2015, the radiation 
exposure continued to decrease slightly mainly due to the 
physical decay of the radionuclides. Moreover, the deep 
migration of radionuclides in pasture and tillage in arable 
soil reduces the availability of radionuclides for plants and 
minimizes radionuclide uptake. The radiation exposure by 
the artificial γ-emitter 137Cs was less than one percent of 
the total radiation exposure caused by natural radiation 
(mainly ground radiation). The dietary uptake of 137Cs 
radioactivity in 2015 was estimated to be approximately 
one per mille of the natural radiation exposure.
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