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    Chapter 12   
 Evaluating the Probability of Catching Fat 
Greenlings ( Hexagrammos otakii ) Highly 
Contaminated with Radiocesium off the Coast 
of Fukushima 

                           Yuya     Shigenobu     ,     Ken     Fujimoto    ,     Daisuke     Ambe    ,     Hideki     Kaeriyama    , 
    Tsuneo     Ono    ,     Takami     Morita    , and     Tomowo     Watanabe    

    Abstract     On 1 August 2012, a total of 25,800 Bq/kg-wet of radiocesium 
( 134 Cs = 9,800 Bq/kg-wet,  137 Cs = 16,000 Bq/kg-wet) was detected in the muscle tis-
sue of two fat greenlings ( Hexagrammos otakii ) caught approximately 20 km north 
of the Fukushima Dai-ichi Nuclear Power Plant (FNPP). To estimate the contamina-
tion level of this fi sh species off the coast of Fukushima, we measured the radioce-
sium concentration in the muscle tissue of individual fat greenlings in 2012 and 
2013. Radiocesium concentration of fat greenlings caught in southern coastal waters 
from the FNPP was signifi cantly higher than that of fat greenlings collected in other 
waters off the coast of Fukushima. However, fat greenlings with a radiocesium con-
centration greater than 10,000 Bq/kg-wet were not detected, not even from highly 
contaminated areas. In addition, data obtained from specimens collected off the 
coast of Fukushima from April to December 2012 suggested that the probability of 
catching fat greenlings with a concentration greater than 16,000 Bq/kg-wet of  137 Cs 
was exceedingly low (less than 2.794 × 10 −6 ). In contrast, highly contaminated fat 
greenlings were frequently caught within the FNPP port. The geometric mean of 
 137 Cs was 55,400 Bq/kg-wet, as calculated from specimens obtained during 
December 2012 to May 2013. Our investigation suggests that fat greenlings with an 
extremely high concentration of radiocesium were contaminated within the FNPP 
port and then migrated offshore.  
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12.1         Introduction 

 Immediately after the Fukushima Dai-ichi Nuclear Power Plant (FNPP) accident in 
March 2011, high concentrations of radiocesium ( 134 Cs and  137 Cs) were detected in 
several specimens of marine products off the coast of Fukushima (Ministry of 
Agriculture, Forestry and Fisheries  2014 ). In April 2011, a concentration of 
12,500 Bq/kg-wet and 14,400 Bq/kg-wet of radiocesium was detected in whole-fi sh 
specimens of Japanese sand lance ( Ammodytes personatus ) collected approximately 
30 km south of the FNPP. These extremely high concentrations in coastal pelagic 
fi sh species were caused from their direct exposure to highly contaminated seawater 
(Bailly et al.  2012 ; Oikawa et al.  2013 ). It is known that cesium absorbed by marine 
organisms is excreted by their potassium ion transport system during osmoregula-
tion (Furukawa et al.  2012 ; Kaneko et al.  2013 ). Therefore, a rapid decrease in the 
radiocesium concentration of seawater would reduce contamination of marine 
organisms, especially for pelagic fi sh species (Buesseler  2012 ; Wada et al.  2013 ). 
Temporal trends in radiocesium concentration of marine organisms off the coast of 
Fukushima gradually declined after the summer of 2011 (Wada et al.  2013 ). Marine 
organisms with a radiocesium concentration greater than 10,000 Bq/kg-wet were 
not reported until 1.5 years after April 2011. On 1 August 2012, however, a total of 
25,800 Bq/kg-wet of radiocesium ( 134 Cs = 9,800 Bq/kg-wet;  137 Cs = 16,000 Bq/kg- 
wet) was detected in the muscle tissue of two fat greenlings ( Hexagrammos otakii ) 
caught approximately 20 km north of the FNPP (   Tokyo Electric Power Corporation 
 2012a ). Although Tokyo Electric Power Corporation ( 2012b ) had carried out an 
intensive investigation within the 20-km radius from the FNPP port, such a highly 
contaminated fi sh had not been caught until that point, and the reason for this 
extremely high level of contamination remains unclear. 

 Fat greenling is a coastal demersal fi sh species that lives by preying on benthic 
organisms. A previous tagging study suggested that the migration distance of fat 
greenling was restricted within an area of approximately 30-km radius (Fukushima 
Prefectural Fisheries Experimental Station FPFES  1974 ). It is assumed that in 
highly contaminated areas, as is the zone within and around the FNPP port, seden-
tary demersal fi sh species continuously receive radiocesium through the benthic 
food web more constantly than migratory demersal fi sh species such as Japanese 
fl ounder (see Chap.   11    ) and Pacifi c cod (see Chap.   10    ). In this section, we measured 
radiocesium concentration in the muscle tissue of individual fat greenlings caught 
off the coast of Fukushima to estimate the contamination level in this fi sh species. 
In addition, we attempted to calculate the probability that  137 Cs concentration 
exceeds 16,000 Bq/kg-wet in fat greenlings collected off the coast of Fukushima 
from April 2012 to March 2013, using our original data in combination with datas-
ets published by the Ministry of Agriculture, Forestry and Fisheries (MAFF) and 
TEPCO ( 2014 ).  
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12.2     Radiocesium Contamination of Fat Greenlings off 
the Coast of Fukushima 

 From May 2012 to March 2013, we collected 236 fat greenlings in northern (approx-
imately 50 km north of the FNPP) and southern (approximately 40 km south of the 
FNPP) waters (Fig.  12.1 ). Radiocesium concentration was measured as described 
by Shigenobu et al. ( 2014 ). Fat greenlings caught from the northern waters had a 
relatively lower radiocesium concentration than those collected from the southern 
waters (Table.  12.1 ). In the southern waters, the level of contamination was signifi -
cantly higher ( p  < 0.001) in coastal waters, at depth less than 30 m (geometric mean, 
128 Bq/kg-wet) than in offshore waters, at depth greater than 50 m (geometric 
mean, 28.4 Bq/kg-wet). The highest radiocesium concentration detected was 
1,070 Bq/kg-wet in a fat greenling collected from the southern coastal waters on 20 
May 2012. In this study, none of the fi sh specimens had a radiocesium concentration 
higher than 10,000 Bq/kg-wet weight. 

   Figure  12.2  shows the time-series trend of radiocesium concentration of fat 
greenlings caught within the FNPP port and off the coast of Fukushima from May 

  Fig. 12.1    Fat greenlings were collected from several sampling locations. The  gray circle  indicates 
a sampling area of approximately 20-km radius around the Fukushima Dai-ichi Nuclear Power 
Plant (FNPP), and the  black spot  indicates the sampling point, where fat greenlings with a 
25,800 Bq/kg-wet radiocesium concentration were caught on 1 August 2012       
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   Table 12.1    Radiocesium concentrations in individual fat greenlings off the coast of Fukushima   

 Sampling area 
 Number of 
individuals 

  134 Cs +  137 Cs concentration 
(Bq/kg-wet) 

 Range 

 Min.  Max. 
 Geometric 
mean a  

 Northern coastal waters (at depth less 
than 30 m) 

 30  4.46  39.2  13.1 

 Northern offshore waters (at depth 
more than 50 m) 

 54  n.d. 
(<4.24) 

 193  21.9 

 Southern coastal waters (at depth less 
than 30 m) 

 68  n.d. 
(<5.31) 

 1,070  128 

 Southern offshore waters (at depth 
more than 50 m) 

 84  n.d. 
(<3.28) 

 987  28.4 

   a Detection limit was used for the calculation of geometric mean in samples in which radiocesium 
was not detected (n.d.)  

  Fig. 12.2    Temporal trend of radiocesium concentration ( 134 Cs +  137 Cs) in fat greenlings caught 
within and outside an area of approximately 20-km radius around the Fukushima Dai-ichi Nuclear 
Power Plant (FNPP). Tokyo Electric Power Corporation ( 2012b ) has been monitoring marine 
organisms within an area of 20-km radius around FNPP since April 2012       
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2011 to May 2013, using our original data and datasets published from MAFF and 
TEPCO. Radiocesium concentration of fat greenlings caught off the coast of 
Fukushima gradually declined over time. Except for the datasets of fat greenlings 
collected within the FNPP port, radiocesium concentration exceeded the Japanese 
threshold (100 Bq/kg-wet) in 76.3 % and 41.2 % of specimens caught off the coast 
of Fukushima in 2011 and 2012, respectively. In particular, geometric means were 
209 Bq/kg-wet in specimens collected from April to December 2011 and 77.2 Bq/
kg-wet in those collected from April to December 2012.  

 Previous studies have reported that radiocesium concentration in marine organ-
isms (Wada et al.  2013 ) and sediments (Ambe et al.  2014 ) within the southern 
coastal area of FNPP was comparatively higher than those in other areas. However, 
according to our data and published datasets from MAFF and TEPCO, fat green-
lings with a radiocesium concentration greater than 10,000 Bq/kg-wet were not 
identifi ed, not even in specimens collected from highly contaminated areas. This 
circumstantial evidence suggests a low probability of catching extremely highly 
contaminated fat greenling off the coast of Fukushima. Our fi eld investigation and 
laboratory-rearing experiments of a benthic polychaete in highly contaminated sed-
iment suggests that radiocesium intake from contaminated sediments is limited for 
benthic organisms and demersal fi sh species (see Chap.   7    ). Progressive simulation 
analysis of the contamination mechanism in fat greenling off the coast of Fukushima 
is presented in Chap.   13    .  

12.3     Site of Contamination of the Highly Contaminated Fat 
Greenling 

 Data of  137 Cs concentration in fat greenling specimens collected off the coast of 
Fukushima from April to December 2012 were log-transformed. A normal distribu-
tion curve of log-transformed values was used to calculate the probability of catch-
ing fat greenlings with a 137 Cs concentration greater than 16,000 Bq/kg-wet 
(log-transformed value of 4.204) as shown in Fig.  12.3 . Values below the detection 
limit of  137 Cs were excluded from this analysis to obtain a more conservative esti-
mate. Normality of the log-transformed values from the combined datasets was con-
fi rmed. Arithmetic mean ± standard deviation of log-transformed  137 Cs concentration 
was 1.676 ± 0.5567. The calculated probability of catching fat greenlings with a 
concentration greater than 16,000 Bq/kg-wet of  137 Cs was below 2.794 × 10 −6 . This 
very low value strongly suggests that fat greenlings off the coast of Fukushima from 
April to December 2012 did not include any highly contaminated individuals.  

 In contrast, the level of radiocesium contamination in fat greenlings caught in the 
FNPP port from December 2012 to May 2013 was extremely high. The geometric 
mean was 55,400 Bq/kg-wet and ranged from 1,030 to 740,000 Bq/kg-wet.    Kanda 
( 2013 ) reported that the average values of  137 Cs concentration in seawater samples 
collected from the intake canal area of Units 1–4 of the FNPP from June to August 
2011 ranged between 305 and 1,650 Bq/l. Concentration ratio (CR) of the 25,800 Bq/
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kg-wet ( 137 Cs of 16,000 Bq/kg-wet) fi sh specimens to the seawater from the intake 
canal area of Units 1–4 was between 9.70 and 52.5 for the period of June to August 
2011. These results were consistent with previous fi ndings that CR of  137 Cs between 
demersal fi sh species and seawater around Japan ranged from 15 to 54 (Tagami and 
Uchida  2013 ). The results also indicated that the contamination level within the 
FNPP was much higher immediately after the FNPP accident. Accordingly, for a 
period of several months after the FNPP accident, the radiocesium contamination 
level of fat greenlings within the FNPP port was never less than 25,800 Bq/kg-wet. 
Although the site where the extremely contaminated fat greenlings were caught was 
20-km away from FNPP, this distance is within the possible migration distance for 
this species (FPFES  1974 ). Therefore, it is assumed that the extremely contami-
nated fat greenlings had been exposed to highly contaminated seawater over a cer-
tain period of time after the accident within or near the FNPP port before they 
migrated offshore.     
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  Fig. 12.3    Probability of catching contaminated fat greenlings off the coast of Fukushima. The 
normal distribution curve was constructed using log-transformed  137 Cs concentration in specimens 
collected from April to December 2012.  Black spot  indicates the 16,000 Bq/kg-wet  137 Cs concen-
tration. The probability of catching fat greenlings with a  137 Cs concentration greater than 16,000 Bq/
kg-wet was less than approximately 2.794 × 10 −6        
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