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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 World Seafood Doses
seafood consumption patterns change. (background)

4. Update Guidance and parameters for

calculating seafood dose. , .
Site-specific
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Methods-

] Bq mSv
Ingestion Dose = K (kg) B Study subjects:
J 9 1. World Adults who eat seafood
2. 10-yr olds who eat seafood

i,J

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

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)
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Methods-

] Bq mSv
Ingestion Dose = K (kg) B Study subjects:
8 9 1. World Adults who eat seafood

i 2. 10-yr olds who eat seafood

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

N=348 Seafood ingestion amounts from published diet studies.

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

—- j=16 radionuclides
210PO, 210Pb’ 228Ra, 228Ra’ 232Th, 230Th, 224Ra, 228Th, 238U, 234U’ 14C
and 137Cs, 239Py, 90Sr, 99Tc, 110mAg

N=9,456 (Eg) Activity Concentrations in seafood (IAEA MARIS database)




Methods-Activity Concentrations .
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Methods-dose conversion factors

B " Bq K mSv
Dose = - (kg>( g8) ( Bq >

16 =radionuclides, 6= Seafood categories

Solved by Monte Carlo for:

16 radionuclides
6 seafood categories
World diet distributions
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Results:
1. Global seafood doses

A. From published studies
that include %'°Po:

Best estimate (N=82)

High-rate (N=20)

B. From This Study

O Adult Seafood Consumers,

Global diet and (ﬁg) data
(N= 10,000)
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Results:
1. Global seafood doses

A. From published studies
that include %'°Po:

Best estimate (N=82)

High-rate (N=20)
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Results:
1. Global seafood doses
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Results: .
1. Global seafood doses Mean for Australia:

10

~100 M with dose above 3.0 mSv

~350 M with dose above 1.0 mSv

mSv

World median 0.18 mSv

0.1 ® " 0.11 mSv per annual intake of 13.3 kg
(mean, adult, seafood only)

Fish Crustacean Bivalve Gastropod Cephalopod Seaweed
0.01 10.46 1.10 0.65 0.11 0.31 2(~1.0)

From This Study

O Adult Seafood Consumers,
. Bq
Global diet and (kg) data
(N=10,000)

(ANNPAS 2013, Bogard 2019, Farmery 2018, McManus 2019, Sui 2017)
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Results:
1. Global seafood doses
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Results:

1. Global seafood doses —helping understand _
World median 0.18 mSv

site studies

Added Dose from Fukushima possible, but
accident to typical Tohoku range of best unrealistic

_ estimates upper bound
Region seafood consumers w/fishing  without
(retrospective data, 1-3 yrs restrictions restrictions
after accident) || ‘"

_______ _I.I.I.I.I.I.II.I.I.I.Illl“‘l |‘|||IIIII'.II_I-- .
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Predicted seafood doses mSv per annual intake (adults)

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



16 Radionuclides
% Contribution to total dose (log scale)

100%
10%

1%

0.1%

% (log scale)

0.01%

0.001%




Results: Which seafood
groups contribute most
dose?

Fish Crustacean Bivalve Gastropod Cephalopod
Consumption Dose
I 2% Fish | 37%
10% Crustacean 14%
13% Bivalv
: 2% Gastropod
Bivalves are e ke
known tO 9% Seaweed
have higher
210P0




Methods-Activity Concentrations
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Why do Bivalves have higher 210pg?

1) Filter Feeders:

The %1°Po 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.

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.

P Stepnowskl, B, Shwarzee | J. Environ. Radioaciivite 4% (200

Table 1
The *'"Po concentrations, 2'“Po/*'""Pb activity ratios, CFs and wet:dry ratios
trossulus and Myva arenaria (Bg kg™ ' dry wt + 15D)

{Organ, ussuc M ytilus trossulus

Iopy, 20 pn 2P 'i.'i:l:dl'}' R
Hepatopancreas 102600 5 1070 634 ) A0+ 17.0
L 2370 + 100 210
Muscle 565 + #5.4 41.8 Magoe
Shell 0y 4+l Ll =S
Byssal threads* 300+ 1.7 1.4
Residue®
Fat"
Total soft ussue 2717+ 276 483 s s
Concentration 24,000

factor Stepnowski et al. 2000




What seafood consumption leads to

a 10 mSv dose?

Eating only bivalves, a 10 mSv dose

occurs when an adult eats:

168 kg at mean of 34 Bq/kg
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210pg decreases between sampling and consumption:

Table 3. Recommended Ry, factors representing the fractions of *°Po remaining after typical
Harvest-to-Consumption durations for various seafood processing/preservation types See Tables S2,
S3 for supporting information.

Mean for all

Total delay, Harvest-to- Recommended 2
tal Radioactivy 268-269 (2023) 10724 . References
° Consumption® Ryecay factors .
h
Contents liss available at ScienceDirect C a t C _t O - I a t( ! 507 (range) * Recommended (range) p roces S I n g

(days)

Journal of Environmental Radioactivity Fresh 5(0-17) 0.98 (0.93-1.0) 15

Frozen 89 (1-540) 0.70 (0.21-1.0) 6-10 types
- ; : e C a Canned 177 (10-2070) 0.50 (0.14-0.96) 911
ELSEVIER Journal homepage: www.elsevier.com/locateljenvrad

Dried 51 (10-410) 0.81 (0.14-0.96) 12-15

Smoked 13 (2-62) 0.95 (0.78-0.99) 6,16-22 =0 . 8 1
Seafood dose parameters: Updating *'%Po retention factors for cooking, All seafood 57 0.81 .
decay loss and mariculture {weighted)® (0-2070) (0.14-0.1.0) reta ine d

y ! Harvest-to-Consumption includes Harvest-to-Market (transport, processing and storage times from the time

of removal from the ocean until arrival at retail marketplace) and Market-to-Consumption (warehouse, display

Mathew P. Johansen *, Julia G. Carpenter ", Sabine Charmasson ‘, Justin P. Gwynn i
and consumer storage times from the time of arrival at the market until consumption).

Paul Me Ginnity ", Airi Mori ', Blake Orr”, Marie Simon-Cornu %, Iolanda Osvath

* usirlion Mlr Scienceand Tchnology Orgeisarion, Locked Bag 2001, Kirowee I, 2232 NSW, Ausalia
* Ausraion Rdirion Proecion and Noclar Safey Agey (ARPANSA), Yallambie, VIC, 3085, Ausrulia

B - n i PSEENV/SRTE/LRTA, 13115, Seint P Lex D, Fance
* Noregian Radirion and Niclar Say Authardy, The Fram e, Troms, Acrwey

* IAFA Morine Environment Laborstorics, 4 Quai Ao ler, 95000 Monazo 15
 apun AtoicEnegy Aency, 24 Sickac, Tokaimr, Nk g, Ibrak, 319.1195, Jpan

' i File PSEENV/SIREN, 13115 S Pod Lex Do, Frace

O Boiled/steamed

. .
ARTICLE INFO ABSTRACT ° | eachln durln 10 m Grilled/fried
Handling editor: Sheldon Landsberger g s been identified a5 one of the main contributors to ingestion doses to humans, particularly from. the g g

- @ cansumption of seafood. The amount of P activity concentration daia for various types of seafood has
Reyward: increased greatly in recet times. However, to provide realistic seafood dose assessments, mast **Po data re-

s correeion t ccount fo lossesthat ean occur befor the seadood is aetully consumed. Here we develo
Pulsaiin q for losses th before the seafood ally d. He develop

.
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}:‘;m“:’* cooking, radicactive decay between harvest and consumption, and soureing from mariculture versus wild:

proiptetes caught

i paniaing Whenseafon s cocked,he overal] mean facton of Po etaned s .74 forall cocking and sealood pes, H |—| .

widh the means for vvious seaood fypes and cooki fom 0.6 (o 1.5 m e S
ng o W Wi | m ( )
v - o = =d v

radiastive decay uring the period between harvest and consumption, the oveall mean fracton remalaing s
081

Mean for all

frequency

from 10098 -
~

d
(fresh seafood). Reganding the a =3 =3 =5 =3 =5 —~ —~ ;
raised with processed fieed have about one order of magnitude lower (x0.10) “*Po muscle content than wild: — 0 7 4
- (]

canght seafond ofthe same or similar spcies, althoiugh this rato varies 219pgo remaining after cooking

Overll, this sty concludes that o asivly coneentratons n sesfood a the time of ingeston may be
reduced to only abous 554 compared 0 ehen it s harvested. Threfore, corretion facors must be plied o
any daa erived from environmental monitoring in order to acheve reslisc cose estimites. The data sbo

.
suggest lower **Po ngeston doses for consumers who rowtinely favour ook, long shelie and fermed fsh/ Figure 1. Histogram of published values of the fraction of ?2°Po activit (reta I n ed)
crustaceans. However, mare dats i needed in some categories, especially for cooking of molluscs and seavwesd, . . R . .
and for the %o content in all frmed seafood. cooking. Data include marine fish, crustaceans, and bivalves (cephalo

data not available). Data are for the edible tissues, without stock, brc
text). See Table 2 and Table S1.1 for source data summaries and refe

* Depletionin
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Fish raised with

Wild processed feed
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Po210 Ln (Bq/kg)




Summary o

* A well-supported distribution, mean of global seafood ’
dose is now available

* Dose from anthropogenic radionuclides (*3’Cs, 23°Pu) is

relatively low, even following major releases. Email with questions or help:
« 210pg s, by far, the most important radionuclide for
Mat Johansen
seafood dose MJO@ANSTO.GOV.AU
« 210pg Bg/kg levels vary greatly in different types of W ity
marine organisms and in their various tissues, which in P.Mc-ginnity @IAEA.ORG
turn causes large variation in global seafood doses. =
* Massive increase in 1°Po Bg/kg data in Seafood ﬁ,',gr'i\_ﬂ:i:'i@JAEA_Go_Jp
(MARIS)

e Updated %21°Po delay, cooking and aquaculture factors
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