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Motives:
1. Quantify worldwide “background” seafood dose –an important 

component of overall background dose for billions of people.
2. Help explain site-specific studies (e.g., Fukushima)
3. Understand dose trends as global environmental and    

seafood consumption patterns change. 
4. Update Guidance and parameters for                             

calculating seafood dose. 
Site-specific 
result



Methods-

 

N= 348 Seafood ingestion amounts from published diet studies. 

N(surveyed)=  1,256,319 individuals

N(represented)=  2,770,769,711 
(~35% of world population)

Ingestion Dose Conversion Factors (adult, 10 yrs, ICRP)

𝐈𝐧𝐠𝐞𝐬𝐭𝐢𝐨𝐧 𝐃𝐨𝐬𝐞 = 
𝐁𝐪

𝐤𝐠
𝐤𝐠

𝒎𝐒𝐯 

𝐁𝐪

i , j

Study subjects:
1. World Adults who eat seafood
2. 10-yr olds who eat seafood
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𝐁𝐪

i , j

    j = Six Seafood categories
          Fish, Crustaceans, Bivalves, Gastropods, Cephalopods, Seaweed

i = 16 radionuclides
       210Po, 210Pb, 228Ra, 228Ra, 232Th, 230Th, 224Ra, 228Th, 238U, 234U, 14C 
and 137Cs, 239Pu, 90Sr, 99Tc, 110mAg

N=9,456 𝐁𝐪
𝐤𝐠

 Activity Concentrations in seafood (IAEA MARIS database)

Study subjects:
1. World Adults who eat seafood
2. 10-yr olds who eat seafood



LaMer:  Behaviour and Effects of Natural and Anthropogenic Radionuclides in the Marine 

Environment and their use as Tracers for Oceanography Studies, Coordinated Research Project.

https://www.iaea.org/
resources/databases/
marine-radioactivity-
information-system-
maris
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Methods-dose conversion factors
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Solved by Monte Carlo for:
• 16 radionuclides
• 6 seafood categories
• World diet distributions
• ICRP DCFs

16 = radionuclides, 6= Seafood categories

6 seafood categories
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World median 0.18 mSv

~350 M with dose above 1.0 mSv

~100 M with dose above 3.0 mSv

Kg per year

Mean for Australia?  

Fish Crustacean Bivalve Gastropod Cephalopod Seaweed

10.46 1.10 0.65 0.11 0.31 ?(~1.0)

0.11 mSv per annual intake of 13.3 kg 
(mean, adult, seafood only)

(ANNPAS 2013, Bogard 2019, Farmery 2018, McManus 2019, Sui 2017) 
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World median 0.18 mSv

Results:
1. Global seafood doses –helping understand 

site studies
 

Added Dose from Fukushima 
accident to typical Tohoku 
Region seafood consumers 
(retrospective data, 1-3 yrs 
after accident)

Predicted seafood doses 
from ALPS releases are 
lower 1-2 orders of 
magnitude lower.

range of best 
estimates 
w/fishing 
restrictions

possible, but 
unrealistic 
upper bound 
without  
restrictions

mSv per annual intake (adults)
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Fish Crustacean Bivalve Gastropod Cephalopod Seaweed

6 Seafood types

Bivalves are 
known to 
have higher 
210Po

Results: Which seafood 
groups contribute most 
dose?
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Example of one distribution:

N= for each category

2.3

8.8

34.5

14.9

1.9

4.4

0.1

1

10

100

B
q

 /
 k

g 
(F

W
, E

d
ib

le
 p

o
rt

io
n

s)

210Po in marine organisms 
(FW, edible portions only, at date of catch)

MARIS (muscle, edible) IAEA 2022 (Rads in Foods)

210Po Activity Concentrations

0.001   0.01         1.0          10         100         1000

Bq / kg, muscle



Why do Bivalves have higher 210Po?

1) Filter Feeders:
The 210Po in marine waters readily 
integrates into plankton, algae,  and 
attaches to small particles.
These are taken in by oysters, clams and 
mussels as they filter feed.

Stepnowski et al. 2000

2) In most seafood, we do not eat the 
digestive organs.  For bivalves, we typically 
do. 
Most people eat all bivalve soft tissues, 
including the hepatopancreas in the digestive 
tract. 



1.0                                 10                                  100                       1000

                         Bq/kg (edible tissues, f.w.)                      

What seafood consumption leads to 
a 10 mSv dose?  

Distribution of global data on 210Po in bivalves,
(various species)

Eating only bivalves, a 10 mSv dose 
occurs when an adult eats: 

168 kg at mean of 34 Bq/kg

58 kg at 100 Bq/kg

19 kg at 300 Bq/kg



• Catch-to-Plate 
decay 

• Leaching during 
cooking

• Depletion in 
farmed fish

210Po decreases between sampling and consumption:

Po210   Ln (Bq/kg)

Farmed Wild

Fish raised with 
processed feed

= ~0.2

Mean for all 
cooking 

methods 
=0.74

(retained)

Mean for all 
processing 

types
=0.81

(retained)

Johansen et al. 2023 
https://doi.org/10.1016/j.j
envrad.2023.107243



Summary 
• A well-supported distribution, mean of global seafood 

dose is now available
• Dose from anthropogenic radionuclides (137Cs, 239Pu) is 

relatively low, even following major releases.
• 210Po is, by far, the most important radionuclide for 

seafood dose
• 210Po Bq/kg levels vary greatly in different types of 

marine organisms and in their various tissues, which in 
turn causes large variation in global seafood doses.

• Massive increase in 210Po Bq/kg data in Seafood 
(MARIS)

• Updated 210Po delay, cooking and aquaculture factors

Email with questions or help:

Mat Johansen
MJO@ANSTO.GOV.AU

Paul McGinnity
P.Mc-ginnity@IAEA.ORG

Airi Mori
Mori.Airi@JAEA.GO.JP

mailto:MJO@ANSTO.GOV.AU
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