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ABSTRACT 

 
The most serious earthquake ever registered in Japan occurred on March 11, 2011; it was followed by a tsunami that 

flowed over the Prefectures of Miyagi and Fukushima destroying roads, cities and rice fields, but also knocking 

several nuclear power plants. The Dai-ichi plant was seriously damaged and considerable amounts of radioactivity 

were release contaminating atmosphere, soil, ocean and associated fauna and flora. A major environmental 

monitoring program started covering the Japanese territory and the sea along the coasts of Miyagi, Fukushima and 

Ibaraki. Thousands of measurements were released every day by Japanese authorities, the plant operator and 

Universities principally looking for the presence of I-131, Cs-134 and Cs-137. Drinking water and aliments were 

seriously contaminated. We here analyze data released during one year on I-131 and Cs-134,137 radioactive 

concentrations in cattle meat. Along this period I-131, when observed, was present only in trace amounts, but the 

contamination by cesium isotopes exceeded legal Japanese limit in several Japanese prefectures, and became an 

acute national and international economic problem.  

 

 

1. INTRODUCTION 

 

The most serious earthquake ever registered in Japan occurred on March 11, 2011, off the coast 

of Miyagi Prefecture, Honshu Island, some 250 km NE of Tokyo (Figure 1). The epicenter was 

situated 24.5 km under the bottom of the sea, at less than 100 km from the coast. It reached 

magnitude 9.0 in the Richter scale and was followed some 50 minutes later by a tsunami that 

flowed over the Prefectures of Miyagi and Fukushima, where it reached 15m high, destroying 

roads, small cities and rice fields. It also knocked several nuclear power plants; among these, the 

Dai-ichi plant was the only one seriously damaged [1]. Considerable amounts of radioactivity 

were release to the atmosphere and to the ocean [1-3].  

 

Dose rates north-west of the nuclear power plants were observed in the range 3 to 170 Sv/h, 

with the higher levels observed around 30 km from the plant. Dose rates in other directions were 

in the 1 to 5 Sv/h range [2,3]. 
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Following: http://www.world-geographics.com/cfg/public/_lib/img/maps/asia/map_of_japan_regions_and_prefectures.png 

 

Figure 1 – Map of Japan: Regions and Prefectures, with localization of the epicenter of the 

earthquake, the damaged Dai-ichi nuclear power plants and the provenience area of 

contaminated cattle meat.  
 

 

On March 17, 2011 a giant environmental monitoring operation was set up covering the entire 

Japanese territory and about 30 seawater sampling points along the east coast. Dose rate 

information was collected regularly from the capitals of the 47 prefectures. In Tokyo, there was 

no significant change in radiation levels since March 16, and, following Japanese authorities, the 

dose rates in Tokyo remained well below levels which could affect human health. [1-4]. 

 

In the first six months of the accident, thousands of measurements were released every day by the 

Ministry of Health, Labor and Welfare [5], Ministry of Education, Culture Sports, Science and 

Technology [6], TEPCO [3] and Universities. Readings are available for environmental 

radioactivity levels, radioactivity levels in drinking water, fallout and dust, dose rate 

measurement at schools in Fukushima Prefecture, readings of air dose rates at 50 points inside of 

the 20 km zone around Fukushima NPS, readings at 108 Monitoring Posts out of the 20 km zone 



INAC 2013, Recife, PE, Brazil. 

 

taken at 10h-13h-16h-19h, readings every hour of airborne monitoring at 102 Monitoring Posts 

out of 30km zone, along with data collected by helicopter, airplane and other institutions. Most 

data referred to I-131, Cs-134 and Cs-137, but there are also few data on Sr-89,90, Pu-

238,239,240 and U-235,238 [5,6].  

 

Besides environmental impacts, food contamination was another major concern. The first report 

on food contamination by I-131, Cs-134 and Cs-137 occurred on March 19 [5]. Concentrations of 

activity were reported in fifteen samples collected between March 16 and March 18, 2011 in the 

Prefectures of Fukushima (3 samples of raw milk) and Ibaraki (6 samples of leek and 6 of 

spinach). I-131 in the raw milk samples exceeded legal Japanese limit of 300 Bq kg
-1 

(mean: 

1210 Bq kg
-1

, from 932 to 1510 Bq kg
-1

). Cesium isotopes, in turn, were not detected in two milk 

samples but were present in trace amounts in one (Cs-134,137: 18.4 Bq kg
-1 

- Japanese limit: 200 

Bq kg
-1

). Samples of leek and spinach from Ibaraki showed different patterns: when I-131 in leek 

was present only in relatively small amounts (from 114 to 686 Bq kg
-1

), in spinach these 

concentrations raised up to more than 100 times the leek values (mean: 10,452 Bq kg
-1

, from 

6,100 to 15,020 Bq kg
-1

), and were well above Japanese limit for vegetables (2,000 Bq kg
-1

) 

being thus prohibited for consumption [5]. Cesium values showed only trace amounts in leek (5 

to 8 Bq kg
-1

) and acceptable amounts in spinach with the exception of the highest value (140 to 

524 Bq kg
-1

, Japanese limit: 500 Bq kg
-1

). Thus green vegetables seemed to be much more 

contaminated than non-green vegetables, and this behavior was confirmed afterword [5]. The day 

after, 125 samples of 19 different kind of food coming from 8 prefectures were analyzed. Among 

the 40 samples of raw milk, only 3 were above the limit for I-131, all collected in Fukushima; but 

none showed significant cesium values. On the contrary, 20 of the 26 samples of spinach, from 

the Ibaraki, Tochigi and Gunma prefectures (for localization of these locations, see the map of 

Japan, Figure 1), were above the limit for I-131 with a maximum at 54,100 Bq kg
-1

, and 12 above 

the cesium limit. Kakina, a leafy Japanese vegetable, was also contaminated both by I-131 and 

Cs-isotopes (1,910 and 555 Bq kg
-1

 respectively). Again, spinach called the attention. Thus, 

contamination of vegetables, cereals and milk were and immediate concern. Meat was neglected, 

and it was only on March, 23 that data were reported on the two first beef samples from the 

Ibaraki prefecture and on March, 31, for three samples from the Fukushima prefecture [5]. I-131 

was never observed, and the sum of cesium isotopes was somewhat above the legal limit of 500 

Bq kg
-1 

in only one sample from Fukushima [5]. Thus, if in the early moments vegetables seemed 

to be heavily contaminated, there were no indications of a major contamination problem of cattle 

meat.  

 

In previous works we analyzed contamination of drinking water and fallout [1], accidental release 

of contaminated water near the nuclear plant [7], and ocean contamination [4]. We here analyze 

data released during one year on I-131 and Cs-134,137 radioactive concentrations in beef. 

 

 

2. Methodology 
 

Data on cattle meat contamination by I-131 and Cs-134,137 have been obtained daily from the 

following official sites from the Japanese Government: http://eq.wide.ad.jp/index_en.html, 

http://www.mext.go.jp/english and http://www.mhlw.go.jp/english/topics/2011eq/index.html, 

since the first analyses on March 23, 2011, and are still being collected. All the data were first 
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released in Japanese, then in most cases in English. When data were only available in Japanese, 

they were translated by Erika Miyashita (native) and Patrick V. Kelecom, residents in Tokyo, 

who participated of the first steps of this research [1,4] and assisted the Governments and 

TEPCO’s TV Communications and translated all this material for the first author’s consider-

ations. For this work, we considered the period from March 23 (first analysis of radioactivity in 

beef) until end of March, 2012. Measurements of I-131 and Cs-134,137 in beef were obtained 

with NaI scintillation detectors or with Ge detectors as reported in consulted material.  

 

 

3. RESULTS 

 

The sum up of cattle meat samples analyzed along the period from March 2011 until March 2012 

is reported in Table 1. Forty six of the 47 prefectures (97.8%) composing the Japanese territory 

have been considered for analysis (Figures 1 and 2). Although the distant Fukuoka was 

overlooked and although only 1 to 6 samples had been analyzed in five prefectures, including 

here Tokyo (with almost 37 million consumers), the analyses covered the major part of Japan and 

were mainly concentrated (c.a. 75%) in areas of the Tohoku and Kanto regions, like Miyagi, 

Yamagata, Gunma, Tochigi, Ibaraki, Iwate and Fukushima (Figure 2), areas where most of the 

atmospheric and soil contamination by the Dai-ichi nuclear accident occurred [1].  

 

 

  

Figure 2: Origin of cattle meat samples in %. Figure 3: Number of cattle meat samples 

analyzed monthly. 
 

 

A total of 89,472 samples of cattle meat have been analyzed during considered period. This is by 

far the foodstuff that was most investigated due to the considerable economic problem it caused 

(see hereunder). The first report on beef analysis occurred on March 23 for two samples from the 

Ibaraki Prefecture. No traces of I-131 or Cs-134,137 were detected. One week later, 3 samples 

from Fukushima showed contamination by Cs-134 and Cs-137. Again I-131 was absent, but in 

one beef sample the sum of cesium isotopes reached 510 Bq.kg
-1

, being slightly above the 

Japanese provisional regulation value for cesium in meat (500 Bq.kg
-1

).  This stimulated a closer  
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Table 1: Number of cattle meat samples collected during the period March 2011-March 2012. 

Prefectures* MAR ABR MAI JUN JUL AGO SET OUT NOV DEZ JAN FEV MAR Total % 

Aichi-23 - - - - 0 1 0 0 23 22 24 31 28 129 0.15 

Akita-5 - - - - 5 20 4 8 280 597 337 238 255 1744 1.98 

Aomori-2 - - - - 0 7 1 38 57 46 22 37 36 244 0.28 

Chiba-12 - - - - 2 369 10 44 72 92 69 108 101 867 0.98 

Ehime-38 - - - - 0 1 0 1 26 32 26 13 13 112 0.13 

Fukui-18 - - - - - - 20 8 22 17 7 7 8 89 0.10 

Fukushima-17 3 14 21 9 288 156 644 821 823 989 581 801 649 5799 6.58 

Gifu-21 - - - - 53 4 55 5 16 28 14 22 12 209 0.24 

Gunma-10 - 1 1 - 35 677 328 1293 1743 2044 1139 1278 1612 10151 11.52 

Hiroshima-34 - - - - - - - 2 2 1 2 2 2 11 0.01 

Hokkaido-1 - - - - 6 30 6 142 227 277 160 139 196 1183 1.34 

Hyogo-28 - - - - 0 7 2 64 79 83 53 71 69 428 0.49 

Ibaraki-8 2 - - 1 25 791 939 1360 1277 1508 997 1065 978 8943 10.14 

Ishikawa-17 

    

- 18 37 16 15 9 3 4 4 106 0.12 

Iwate-3 - - - - 24 110 30 905 1510 1525 1132 1347 1151 7734 8.77 

Kagawa-37 - - - - - - - - - 35 - - 6 41 0.05 

Kagoshima-46 - - - - - - - 162 242 353 141 166 172 1236 1.40 

Kanagawa-14 

 

1 1 1 4 11 9 157 1 14 3 - 1 203 0.23 

Koshi-39 - - - - - - - - 1 - - - - 1 0.001 

Kumamoto- 43 - - - - - 2 - 6 - - 26 13 13 60 0.07 

Kyoto-26 - - - - - 1 - 178 121 224 130 157 157 968 1.10 

Mie-24  - - - - 22 6 4 14 39 10 12 18 6 131 0.15 

Miyagi-4 - - - - 142 572 658 1168 2371 2742 1354 1358 871 11236 12.75 

Miyazaki-45 - - - - - - - 22 16 9 15 54 66 182 0.21 

Nagano-20 - - - - 3 19 1 922 567 2098 719 782 827 5938 6.74 

Nagazaki-42 - - - - - - - 15 13 51 - 39 26 144 0.16 

Nara-29 - - - - - - - 3 - 4 5 5 6 23 0.03 

Niigata-15 - - - - 69 15 2 42 71 116 97 57 76 545 0.62 

Oita-44 - - - - - 1 - - - 1 - - - 2 0.002 

Okayama-33 - - - - - 3 6 28 36 15 16 32 33 169 0.19 

Okinawa-47 - - - - - - - - - 2 2 - - 4 0.005 

Osaka-27 - - - - - - - 4 11 - - 7 7 29 0.03 

Saga-41 - - - - - - - 13 47 38 13 25 14 150 0.17 

Saitama-11 - - - - 3 45 40 7 21 25 28 42 32 243 0.28 

Shiga-25 - - - - - - - - 12 983 397 191 4 1587 1.80 

Shimane-32 - - - - - 72 - 395 477 432 346 459 326 2507 2.84 

Shizuoka-22 - - - - 46 56 69 148 211 166 82 143 155 1076 1.22 

Tochigi-9 - 1 - - 13 66 4 2088 1576 1766 890 1532 1461 9397 10.66 

Tokyo-13 - - - - - - - - - - 1 - - 1 0.001 

Tokushima-36 - - - - 0 1 0 18 17 7 0 6 11 60 0.07 

Tottori-31 - - - - 0 1 0 626 709 751 530 640 625 3882 4.40 

Toyama-16 - - - - 0 30 2 3 10 15 6 4 11 81 0.09 

Wakayama-30 - - - - 0 1 0 6 14 16 16 16 7 76 0.09 

Yamagata-6 - 1 1 1 202 1310 1355 1295 1973 1908 1043 1283 1319 11691 11.77 

Yamaguchi-35 - - - - 0 4 0 0 0 1 - - 1 6 0.01 

Yamanashi-19 - - - - 0 27 10 4 5 5 - 1 2 54 0.06 

Total   46 5 18 24 12 942 4434 4236 12031 14733 19057 10438 12193 11349 89472 100% 

*Italic numbers besides the Prefectures refer to the localization in the map of Japan (Figure 1) 
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albeit still insufficient control of beef. In April, May and June only 18, 24 and 12 samples were 

analyzed (Figure 3) with the following geographic distribution: Fukushima (April-May-June: 14-

21-9), Gunma (1-1-0), Kanagawa (1-1-1), Yamagata (1-1-1), Ibaraki (0-0-1) and Tochigi (1-0-0). 

Over the same period, contamination of spinach by I-131 and Cs-134,137 had already reached the 

impressive values of 54,100 Bq.kg
-1 

(I-131 Ibaraki) and 40,000 Bq.kg
-1 

(Cs-134,137 Fukushima).  

 

The problem of cesium contamination in cattle meat exploded on July 11, after almost two weeks 

without any beef analysis. On that day, Japanese newspapers reported values from 1,530 up to 

3,200 Bq.kg
-1

 in 11 samples from Minamisoma (Fukushima prefecture, 45 km north of the 

damaged NPP) where 50% of the beef samples were above the limit. From now on, the number 

of meat samples analyzed monthly should jump from less than 20 to almost twenty thousand 

(Fig. 3) and the number of considered prefectures raised, already in July, from 6 to 27 (Table 1).  

Table 2 and Figure 4 report the number of cattle meat samples contaminated above the Japanese 

limit, and Figure 5 the maximum radioactivity concentrations observed for Cs-134,137. Among 

the 89,472 samples that were analyzed, only 144 (0.16%) showed contamination by cesium 

isotopes above the limit. As expectable, contamination was observed in Fukushima and Miyagi, 

and in surroundings prefectures. Curiously, Ibaraki that suffered intense atmospheric and oceanic 

contaminations [1], mainly by I-131, but also by Cs-134,137, showed no contamination in beef 

although severe contamination of vegetables occurred there [5].  

 

 

Table 2: Number of cattle meat samples collected during the period March 2011 - March 

2012 and contaminated by Cs-134,137 above the Japanese provisional regulation value. 

Prefectures 

Nr 

samples  MAR ABR MAI JUN JUL AGO 

2011 

SET OUT NOV DEZ JAN 

2012 

FEV 

 

MAR Total 

% 

Pref. 

Akita 1,744 - - - - 1 1 0 0 0 0 0 0 0 2 0.11 

Fukushima 5,799 1 0 0 0 30 17 7 0 1 1 0 0 0 57 0.98 

Iwate 7,734 - - - - 6 5 4 0 0 2 1 0 0 18 0.23 

Miyagi 11,236 - - - - 15 27 6 6 0 0 0 0 0 54 0.48 

Tochigi 9,397 - 0 - - 4 7 0 0 0 0 0 0 0 11 0.12 

Yamagata 10,372 - 0 0 0 2 0 0 0 0 0 0 0 0 2 0.02 

Other 

prefectures 43,190 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 89,472 1 0 0 0 58 57 17 6 1 3 1 0 0 144 0.16 

 

  

Figure 4: Number of cattle meat sample  

above the regulation limit of 500 Bq
 
kg

-1
. 

Figure 5: Maximum values observed in  

cattle meat, by Prefecture.  
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In July, the amazing amount of 1/3 of analyzed samples showed contamination by Cs-134,137 

and 6.2% were above the regulation limit. In August the number of cattle meat samples above the 

limit lowered to 1.3%, mainly due to the increase of the number of cool samples analyzed from 

Chiba, Gunma, Ibaraki and Yamagata whose sum passed from 264 in July (28% of the monthly 

total) to 3147 in August (71% of the total). In September, 17 contaminated samples were found 

among 4236 analyzed ones (0.4%) and this number decreased progressively to zero, reached in 

February 2012. Hard to understand is why the number of analyzed samples from Fukushima 

decreased from July (288) to August (156) although 30 samples (10.4%) were found above the 

limit during July in that prefecture, and this proportion was repeated in August when 17 samples 

above the norm were observed among the 156 analyzed samples (10.9%). One may speculate that 

this was decided by authorities to avoid panic among population, since people started to doubt 

seriously of government’s information about food hygiene and although the Ministry of Health, 

Labor and Welfare edited sanitations acts to restrict or forbid the distribution of specific foods 

from contaminated areas [5]. 

 

One of the authors (AK) was in Japan at that very moment. He visited Minamisoma on July 27, 

2011 - two weeks after the discovery of contaminated cattle meat there. Although being situated 

out of the 30 km exclusion area, the city was partially abandoned, because of beef contamination 

as it was told to him by an assistant of the mayor of Minamisoma who also blamed the authorities 

for having published data on beef contamination that, following him, should have been 

maintained in secret. The author also assisted a meeting of the foreign economic chamber of the 

Japanese government organized in Tokyo on March 28, two weeks after publication of the 

highest meat contamination values in Minamisoma (4,350 Bq.kg
-1

 on July, 13). The assistance 

was composed of members of several consulates and meat exporters that all wanted to know the 

reasons of the contamination and what should be done to eradicate the problem that turned 

impossible exportation of Japanese meat no matter it be chicken, pork or cattle meat, and no 

matter meat should have been produced in unrestricted (uncontaminated) area. Among the 

audience, the lack of knowledge of basic aspects on radioactivity such as the difference between 

physical and biological half-lives made it difficult to accept technical explanations. On the other 

side, some authorities’ ideas such as liberation of cattle for consume after whole body 

measurement of contamination (sic) showed that much should still have to be done, exactly at the 

moment when Japanese authorities mostly get rid of vegetable contamination. In fact, beef 

contamination appeared because cattle had spent the winter in stables and had been fed with rice 

straw (contaminated by fallout) for which no ban sales existed. Since chicken and pork do not 

feed on rice straw, these animals were not contaminated. Anyhow, coming from the prefectures 

where cattle meat was contaminated, no one should sell or eat such meat, neither in the Japanese 

market and even less for exportation. This was an acute economic problem mainly for producers 

and exporters. In Tokyo, restaurants were compelled to announce the provenience of the meat 

they served. Restriction of shipment by the Japanese authorities of cattle farmed in Fukushima 

occurred on July, 19 and the restriction partially cancelled on August, 25.  

 

The problem lasted to be solved since the highest contamination in Miyagi occurred as late as 

October 19, 2011 and although contamination is no longer observed, over fifteen thousand cattle 

meat samples continue presently to be analyzed every month, two years after the first records. 
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