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Resumen 
Se miden las concentraciones de radionucleidos en algunos alimentos peruanos. Los 
resultados de estos estudios pueden ser considerados como una primera etapa para calcular la 
línea base de los niveles de radiactividad en alimentos peruanos. La incorporación de Cs-137 
en alimentos es muy baja y no se encontraron evidencias significativas de contaminación. 
Por lo tanto, los resultados muestran que entre 1990 y 2006, la exposición de los 
consumidores debido a radiactividad artificial a traves de la cadena alimenticia es menor que 
el límite peruano de dosis establecido para miembros del público (1,0 miliSievert) para todas 
las fuentes artificiales de radiación. 

Abstract 
The concentrations of radionuclides in some Peruvian foodstuffs have been measured. The 
results of this study can be considered as a first step towards calculating the baseline levels 
of radioactivity in foodstuffs from Peru. The overall intake of Cs-137 is quite low and no 
significant radionuclide contamination was found. Therefore the results shows that, between 
1990 and 2006, consumers' exposure to artificially produced radioactivity via the food chain, 
is below the peruvian annual dose limit to members of the public of 1 mSv (millisievert) for 
all artificial sources of radiation. 

 

1     Introduction  

Physical pollution with radioactive residues 
of food continues to be a frequent problem 
for food safety, due to an increasing exposure 
of animals and plants to natural or artificial 
radiation sources. The natural radiation 
source can be telluric or cosmic, while the 
artificial radiations are usually the result of 
nuclear scientific experiments, atomic power 
stations and mine working. The decrease of 
radioactive exposure of humans through food 
can be achieved through proper management 
of food radioactivity and by introducing 
restrictions for consumption [1].  

Radionuclides discharged into the 
environment can result in radiation exposure 
to man through a variety of possible ways. 
Each possible route that can lead to radiation 
exposure to man is termed an exposure 
pathway, and they can be classified in a 
variety of ways: 
 
• According to the kind of human 

irradiation exposure: internal (ingestion), 
external (external irradiation from 
radioactive cloud) 

• According to the number of transfer 
processes involved: single (inhalation), 
multistep (air-grass-cow-milk) 

• According to the basic ecosystem 
involved: terrestrial, aquatic (fresh water), 
marine. 

This classification is often used although 
pathways may cross between different types 
of ecosystems, as, for example, irrigation or 
washoff of soil to a river. 

After a large-scale emission of radioactivity 
into the atmosphere in the case of a nuclear 
accident appropriate measures have to be 
taken in order to minimize the health risk of 
the population. Estimations of the 
contamination of human foods and animal 
feeds are of particular importance for this. 
 
With respect to food radioactivity 
management, there are different criterions, 
principles and limits of action, depending on 
the radiation source (natural, artificial within 
accepted limits and artificial, duet o nuclear 
accidents). 

The levels of radionuclides in foodstuffs have 
been extensively compiled by UNSCEAR 
[2,3]. In general, the radionuclides of major 
importance in the contamination of food 
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samples are: milk (131I, 134Cs, 137Cs, 90Sr), 
meat (134Cs, 137Cs) and other foods (134Cs, 
137Cs, 90Sr). 

The monitoring of man-made radioactivity, 
especially of long-lived fallout nuclides 90Sr 
and 137Cs, in various foods of Peruvian has 
been carried since 1960 due to the nuclear 
tests made by France in the Atollos of 
Mururoa and Fangataufa, they are located on 
the eastern edge of French Polynesia and are 
about equidistant from the west coast of the 
United States and Latin America and the east 
coast of Australia. There were 41 tests 
conducted in the atmosphere, 37 at Mururoa 
and four at Fangataufa between 1960 and 
1974. As a consequence of the Chernobyl 
accident in 1986, maximum permitted 
caesium levels have been laid down, which 
are applicable to the imports and exports of 
agricultural products in Peru.  

Foods intervention levels have been adopted 
by the National Authority of Peru in their 
Regulation of Radiological Security, with the 
following maximum permitted levels, 
applicable to the import and export of foods 
into Peru: 1,0 kBq.kg-1 for 137Cs, 134Cs, 60Co, 
54Mn and 0,1 kBq.kg-1 for 90Sr in milk, milk 
products, drinking water and other foodstuffs. 
The Nuclear Energy Peruvian Institute 
(Instituto Peruano de Energía Nuclear – 
IPEN) spends approximately 100 000 US$ a 
year to monitoring radiation in water, soil, 
plants and animals and offers the serv of 
radiometric analysis of foods to several 
companies. The purpose of the IPEN food-
monitoring programme is to ensure that any 
radioactivity present in food does not 
compromise food safety and that authorised 
discharges of radioactivity do not result in 
unacceptable doses to the consumer via the 
diet.  
 
 
2     Material and Methods 
 
Further background information on the 
relative concentrations of radionuclides is 
gained from the sampling and analysis of 
foods, particularly milk, crops and fish.  A 
total of 3191 samples of the nationwide food 
survey were sampled during the 1990-2006 
(Table 1).  

 
 

Table 1. Number of samples analyzed. 
 

Samples 1990-2006 
Vegetables 
Avena sativa Linnaeus, 1753 10 

Bertholletia excelsa Humb & Bonpl 10 
Coffea arabica Linnaeus, 1753 4 
Origanum vulgare Linnaeus, 1753 3 
Fish and Mollusca  
Merluccius gayi Guichenot, 1948 32 
Scomber japonicus Houttuyn,1782 105 
Trachurus murphyi Nichols, 1920 52 
Dosidicus gigas Orbigny, 1835 17 
Fish oil 11 
Fish meal 1253 
Milk Products  
Enriched cereal flour 1561 
Whole evaporated milk 73 
Water  
Drinking water 60 
 
The analysis of foodstuffs was carried out on 
that part of the sampled material that is 
normally eaten; for example, the shells of 
shellfish and the pods of some of the legumes 
were discarded before analysis. Foodstuff 
samples were prepared in such a way so as to 
minimise losses of activity during the 
analytical stage. 

The gamma radioactive concentration of 
human foods and animal feeds samples, were 
determined using scintillations NaI(Tl) 
detectors in the Laboratory of Radiometry at 
the Department of Environmental Control. 
The procedure has been described in detail by 
the IAEA Technical Report Series No. 295 
[4]. 

The radioactive activity concentration is 
expressed in Bq.kg-1 fresh weight (FW) or 
Bq.kg-1 dry mass (DM) and expanded 
uncertainty at 95% confidence level (K=2). 
The results have been presented as the 
maximum concentration observed of each 
radionuclide at any time per year as well as 
the mean value. 
 
3      Results and Discussion 
 
Milk, water, fish products and crop samples 
were taken from locations throughout the 
Peru. The results are used to give an 
indication of background levels of radioactive 
contamination from naturally occurring and 
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man-made sources (nuclear weapon tests and 
radioactive fallout). 

Preliminary studies made in Peru between 
1990 and 1998 [5,6] demonstrated that the 
caesium concentrations in some foodstuffs 
are below limits of detection (2.1 Bq.kg-1). 
Nevertheless, in this study the limits of 
detection are lower, allowing the 
determination of real levels of radioactivity in 
foodstuffs (Table 2). 
 
Table 2. Efficiency and Lower Limit of Detection 

(LLD) 
 

Detector Geometry Efficiency 
(137Cs) 

LLD 
(Bq) 

NaI(Tl) #1 Marinelli 
beacker 
Plastic 
bottle 

3.46E-02 
 

3.00E-02 

0.27 
 

0.40 

NaI(Tl) #2 Marinelli 
beacker 

6.12E-02 0.21 

 
Milk and milk products are important 
components of diet in many cities of Peru. 
Milk is one of the few foods produced over 
large areas and collected on a daily basis. Its 
composition is almost identical all over the 
country, and it is easy to collect a 
representative sample that can be analysed in 
liquid or dried form. In Peru, with the little 
resources, the Peruvian Government has 
initiated a program to bring food to feed the 
poor people (children between 0-13 years). 
The "Milk Glass Program" (Programa Vaso 
de Leche) provides food (milk and enriched 
cereal flour) grants to municipalities and 
local governments and it covers 3 million of 
people, receiving this food distribution and 
assistance [7].  

In nearly all cases, the 137Cs activity 
concentrations in milk, milk powder and 
enriched cereal flour were below maximum 
permitted levels applicable to the import and 
export of foods into Peru. 

Contamination of fish may constitute a 
significant pathway for the uptake of 
radiocaesium by man. Ocean fish will not 
take up as much radiocaesium as fresh water 
fish because of the dilution through the depth 
of the ocean and the effective dilution 
associated with the high potassium content in 
the water. Knowledge and documentation of 
the levels of radioactive contamination in fish 

stocks important to Peruvian fisheries is of 
major importance to Peruvian consumers and 
fish export industry. The contents of 
radioactivity in the different organisms were 
generally under the minimum detectable 
concentration (MDC) and traces of 137Cs 
were only found in fishmeal samples. 
 
Table 3. Gamma Activity Concentrations in Milk 

(Bq.l-1) 
 
Year 40K 60Co 134Cs 137Cs 
1990 97.70 ± 4.89 < 0.3 < 0.2 0.90 ± 0.05 
1991 110.20 ± 5.51 < 0.3 < 0.2 0.70 ± 0.04 
1992 107.30 ± 5.37 < 0.3 < 0.2 1.10 ± 0.06 
1993 95.90 ± 4.80 < 0.3 < 0.2 0.90 ± 0.05 
1994 87.90 ± 3.52 < 0.3 < 0.2 0.40 ± 0.02 
1995 105.80 ± 5.29 < 0.3 < 0.2 0.80 ± 0.04 
1996 108.90 ± 4.36 < 0.3 < 0.2 0.80 ± 0.03 
1997 102.20 ± 5.11 < 0.3 < 0.2 0.80 ± 0.04 
1998 104.50 ± 5.23 < 0.3 < 0.2 0.70 ± 0.04 
1999 115.30 ± 4.61 < 0.3 < 0.2 0.90 ± 0.04 
2000 114.30 ± 4.57 < 0.3 < 0.2 0.80 ± 0.03 
2001 108.10 ± 4.32 < 0.3 < 0.2 0.90 ± 0.04 
2002 95.60 ± 3.82 < 0.3 < 0.2 0.90 ± 0.04 
2003 98.10 ± 4.91 < 0.3 < 0.2 1.10 ± 0.06 
2004 115.00 ± 5.75 < 0.3 < 0.2 < 0.2 
2005 105.70 ± 5.29 < 0.3 < 0.2 0.40 ± 0.02 
2006 101.90 ± 5.10 < 0.3 < 0.2 < 0.2 

 
 
Table 4. Gamma Activity Concentrations in Milk 

Powder (Bq.L-1) 
 
Year 40K 60Co 134Cs 137Cs 
1998 84.1 ± 4.21 < 0.3 < 0.2 0.4 ± 0.02 

1999 104.
9 ± 5.25 < 0.3 < 0.2 0.6 ± 0.03 

2000 97.6 ± 4.88 < 0.3 < 0.2 0.7 ± 0.04 

2001 102.
5 ± 5.13 < 0.3 < 0.2 0.9 ± 0.05 

2002 88.9 ± 4.45 < 0.3 < 0.2 1.3 ± 0.07 

 
Low concentrations of man-made 
radioactivity were found in fishmeal, which is 
used in feeds for poultry, pigs, ruminants, 
farmed fish and fur producing animals. It 
increases productivity and improves the 
efficiency with which feed is converted to 
animal produce (feed conversion). It is of 
special value in diets for young animals, for 
example in broiler starter diets, diets for early 
weaned pigs, and for farmed fish and fur 
producing animals. A theoretical study has 
established that any indirect onward 
transmission of radioactivity into human diet 
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as a result of this pathway is unlikely to be of 
radiological significance [8]. 

Samples were obtained from 4 export 
companies. They demonstrated that 
concentrations of radionuclides are indeed 
very low, most being less than the limits of 
detection, and the few that were positively 
determined were all less than 1 kBq kg-1. 

Table 5. Gamma Activity Concentrations in 
Peruvian Fishmeal (Bq.kg-1) 

 
Year 40K 60Co 134Cs 137Cs 
1991 240 ± 12 < 0.3 < 0.2 0.4 ± 0.02 
1992 256 ± 13 < 0.3 < 0.2 0.5 ± 0.01 
1993 238 ± 12 < 0.3 < 0.2 0.3 ± 0.03 
1994 245 ± 12 < 0.3 < 0.2 0.4 ± 0.04 
1995 239 ± 12 < 0.3 < 0.2 0.4 ± 0.02 
1996 257 ± 13 < 0.3 < 0.2 0.3 ± 0.01 
1997 241 ± 12 < 0.3 < 0.2 0.3 ± 0.01 
1998 258 ± 13 < 0.3 < 0.2 < 0.2 
1999 229 ± 11 < 0.3 < 0.2 0.4 ± 0.01 
2000 244 ± 12 < 0.3 < 0.2 < 0.2 
2001 240 ± 12 < 0.3 < 0.2 < 0.2 
2002 231 ± 12 < 0.3 < 0.2 0.3 ± 0.02 
2003 269 ± 13 < 0.3 < 0.2 0.3 ± 0.03 
2004 280 ± 14 < 0.3 < 0.2 0.3 ± 0.02 
2005 237 ± 12 < 0.3 < 0.2 < 0.2 
2006 245 ± 12 < 0.3 < 0.2 < 0.2 

 
The method of presentation of the 
summarised results allows the data to be 
interpreted in terms of radioactive 
concentration for comparison with other 
countries. 

Thus, in Europe, the median value of specific 
activity of 137Cs in all kinds of foodstuff 
produced in Hungary is below 0.1Bq/kg fresh 
weight, based on regular countrywide survey. 
The committed effective dose due to 
ingestion for adults was estimated to be 0.6 
microSv for 90Sr and 0.3 microSv for 137Cs in 
2004 according to a conservative estimation 
[9]. 

Samavat, Seaward, Aghamiri and Reza-Nejad 
have determined concentrations of 
radionuclides in the diet (foodstuffs and 
drinking water) of adult inhabitants in the 
high-level natural radiation area of Iran. The 
estimated annual dietary intakes of 137Cs were 
130 Bq [10] and Nasreddine et al have 
studied the dietary exposure to radionucleides 
in Lebanon; traces of 137Cs were only found 
in five food samples [11]. 

In Latin America, Tomicic et al have 
determined concentrations of 137Cs in milk 
(0.25 – 1.20 Bq.L-1) and milk powder (1.30 – 
11.30 Bq.L-1) in Chile, on the other hand, De 
Castro et al have determined   137Cs 
concentrations in milk from 0.06 to 0.93 Bq/l 
but the differences of the average values in 
the farms were not statistically significant in 
Angra dos Reis, Brasil [12]. 

Finally, as appears in the Table 6, the 
concentrations of 137Cs in peruvian fishmeal, 
are within the values for Latin America and 
are smaller to those of Europe. 
 

Table 6. Gamma Activity Concentrations in 
Fishmeal samples by Country (Bq.kg-1) 

 
No. Country Cs-137 K-40 
01 Peru 0.30 247 
02 Chile 0.28 230 
03 Equador 0.27 220 
04 Iceland 0.44 410 
05 Norway 1.20 480 
06 Eire 1.70 390 
07 Denmark 2.10 560 
08 Shetland 1.00 400 
09 Aberdeen 1.40 320 
10 Grimsby 1.40 260 

 
4     Conclusion 
 
Cs-134 and I-131 were not detected in any of 
the food samples. Traces of 137Cs, and normal 
values of  40K, were only found in milk, milk 
powder and fishmeal, nevertheless the 
concentrations do not represent dosimetric 
risk for the Peruvian population.The primary 
purpose of the research was, to check levels 
of radioactivity in food. The results are used 
to demonstrate that the safety of people is not 
compromised and that doses, as a result of 
radioactive contamination of foods, are below 
the dose limit established by the Regulation 
of Radiological Security of Peru [13]. 
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