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What is Marine Radioecology?

Marine radioecology examines how radioactive substances
interact with the marine environment and the various
mechanisms and processes that influence radionuclide
migration in the marine ecosystem.

This field of study includes aspects of field sampling, design
of field and laboratory radiotracer* experiments, the
development of predictive simulation models, and dose
assessments to humans and biota.

* Includes radionuclides and radiolabeled compounds

Courtesy of Scott Fowler
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Goals of this Lecture

1. Overview of how marine biota uptake radionuclides
from marine systems

2. Biogeochemical transfer and transport pathways of
radionuclides in the marine environment

Radiation dose and exposure

4. Environmental protection: Understanding ecological
risk assessment and management

Claudia Benitez-Nelson doi:10.1002/10e2.100010

ASLO e-tectures



Three main sources of radionuclides

to the Marine Environment:

1. U-Th series radionuclides - of primordial origin, occur naturally on
land and in ocean, and produce a series of “daughter” radionuclides
via radioactive decay.

ExampIeS: 238U, 234Th, 210Pb’ 223,224,226, 228Ra and 222Rn.

2. Cosmogenic Radionuclides - continuously being created by
cosmogenic rays that interact with materials in the atmosphere
and on Earth.

Examples: 3H, 1%C, 'Be

3. Anthropogenic radionuclides - continuously being produced
by humans.

EXampIes: 3H’ 14C’ 9OSr’ 137CS, 129|’ 238;239; 240Pu

Note: Some radionuclides have both cosmogenic
and anthropogenic sources (e.g., *H and '*C).

Claudia Benitez-Nelson doi:10.1002/10e2.100010
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1. Radionuclide bioaccumulation in marine organisms?
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1. Radionuclide bioaccumulation in marine organisms?
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Claudia Benitez-Nelson doi:10.1002/10e2.100010
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Terminology

Concentration Factor (CF)*: Ratio of the radionuclide activity in a specific
organism relative to the radionuclide concentration in ambient sea water.

CF =Bq g wet weight of organism
Bq g sea water

Transfer Factor (TF)*: Ratio of radionuclide activity in a specific organism
relative to the radionuclide concentration in sediment or food.

TF =Bq g wet weight of organism
Bq g' sediment or food

Uses:

« Compare relative bioavailability of different radionuclides to a given organism

« Compare ability of different organisms to accumulate a given radionuclide

 Allow the development of models that can predict the resulting radionuclide
activity in an organism from known seawater activities.

» To identify potential “sentinel organisms” of radionuclide contamination.

*Assumes input = output and that the radionuclide of interest exists in soluble forms in seawater

Carvalho et al. (2018)

ASLO e-Lectures
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Distribution of 134137Cs and 29Sr in fish tissue*

134,137
=g ‘,“,\ 137Cs is analog to 4°K}
= o
\/

11% gastrointestinal, 9% fHZscales
3% skeleton, 2% gills, 1% liver, 1% testes/ovary. )

38% skeleton Z
:,, 37% gastrointestinal \ i = 200Gy is analog to Ca J
A \ {
‘\V 18% skin/scales
e \ W 9°
Johansen et al. (2015) R ¥
Fukushima accident

doi:10.1002/102.100010 ASLO e-Lectures
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How to determine the CF: (Lab experiments)

Model development of radionuclide contamination via seawater
Uptake Loss
«—2P P >
. phase : phase
c S I
£ >
£ >
& 3
: Time (d)
Contamination ., Non-contamination
conditions conditions
Closed System Open System |
Seawater * Loss rate of radionuclides (k,)
* Uptake rate of metals (k) * Metal retention (t,,.)
After Whicker and Schultz (1982)

Claudia Benitez-Nelson doi:10.1002/10€2.100010 'ASLO e-tectures
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How to determine the CF

Uptake phase: Depends on time (kinetic parameters)

C Ft = kut (During uptake phase, k, dominates)

k
C Ft =& FSS (1 = e_ket),where at steady state (| FSS = ?“

€

Where;
C Ft - the concentration factor at time t (d)

CF ¢s - the concentration factor at steady state

k, - uptake rate constant (d"')

Kk . -loss rate constant (d")

After Whicker and Schultz (1982)

'ASLO e-Lectures
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How to determine the CF

Example: Uptake kinetics (k,) of dissolved '34Cs (t,, = 2.06 y)
during 24 - 28 days of exposure

20 -
| Whole-body CF, of '3%Cs
| L.variegataCF 15.6 £ 1.0
| P.stylirostris CF 8.26 +0.21
15 4 isognomum CF 1.29 + 0.52 T Algae
| M. regula CF1.21 £ 0.04 o
| G.pectinatumCF=0.80+0.03 - | ___. W g f;“cf
UN "\.\‘ -
/+ S
Shrimp
U
Bivalves
7N %,
35
Time (d)
Metian et al. (2016)
Claudia Benitez-Nelson doi:10.1002/102.100010 ASLO e-tectures
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e \
100,000 Phytoplankton
50,000f : @ ;. @ ey \
i Microzooplankton
10,000 i 7 T .
5,000 105 7% Species dependent
g R uptake kinetics of
1,000} starfish Amphipod plutonium from
, 500 ‘ prlestar & seawater by various
o 11 " ivalve clam . )
= Pochhaete,k\/,}l/\:)rrr’)‘?.:_m_wa marine organisms
a Note the variability in k,,
10 " //‘
5
0.5
0.1

0 5 10 15 20 25 30 Time (days)

\Figure courtesy of Dr. Scott Fowler modified from Fowler et al. (1975) j

Claudia Benitez-Nelson doi:10.1002/10€2.100010 ASLO e-Lectures
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Effect of Temperature on the CF
(specifically k) of ©°Co, 24'Am and '34Cs
from water by brown macroalgae

SN - 2
Fucus vesiculosus 12°C (o)

Image: http://www.seaweed.ie/descriptions/fucus_vesiculosus.php

(Boisson et al, 1997)
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Loss (depuration) phase: kinetic parameters (k)

Loss kinetics are used to determine the biological half-life (t,,,)
and can be modeled using a one component exponential model:

— A pket
A, =Ae e

v

Where:
At - Remaining activities at time t (%)

A - Remaining activities at time 0 (%)

k, - Loss rate constant (d)

Tyy=In(2) /K,

4

After Whicker and Schultz (1982)

ASLO e-Lectures
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Example: 134Cs (t,, = 2.06 y) depuration kinetics when maintained

for 43 - 62 d in clean seawater

100
JT B [. variegata

A P, stylirostris
75 131
_%z Al

One component model:
L.variegata t,,, = 10+ 1

2
g
= 1
U 50 1
< i
o
£
c
‘"
,,E, 1
o 25j
0IIII|IIlllllllllllI|llll|lll.l.|llll
0 10 20 30 40 50 60 70
Time (d) Modified from Metian et al. (2016)
Claudia Benitez-Nelson doi:10.1002/102.100010 L ASLO e-tectures




Loss (depuration) phase: kinetic parameters (k)

In some cases, the loss phase should be described by a two component
model that may reflect differences in specific tissues where the
radionuclide has accumulated.

At — AO[NI* p—kel*t 4 NZ * e-keZ*t)

Where: At - Remaining activities at time t (%)
AO - Remaining activities at time 0 (%) |

ke - Loss rate constant (d™') for a specific component N, and N,

N,and N, - Denote differences in the loss rates with respect to specific

components (e.g., tissues vs. shell) within an organism,
where N1 +N,=1

logic: s (Tb, & Tb,) can be calculated from the
correspondlng depuratlon rate constant (k_, &Kk,,) according
to the relation Tb=In(2)/ke

After Whicker and Schultz (1982)

LO e-tectures:
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Example: 134Cs (t,, = 2.06 y) depuration kinetics when maintained

for 43 - 62 d in clean seawater
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CF of selected radionuclides

within different taxonomic groups

Organism 137Cg 239+240py, 241Am 210pg
Macroalgae 50 4,000 8,000 1,000
Phytoplankton 20 200,000 200,000 70,000
Zooplankton 40 4,000 4,000 30,000
Decapod crustaceans 50 200 400 20,000 |
Bivalve Molluscs 60 300 1000 20,000
Cephalopods 9 50 100 20,000
Teleost fish 100 100 100 2,000

IAEA (2004)

Ll sl 7

g ~r V= Seawater

ASLO e-Lectures
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of radionuclides accumulated from contaminated sediments

i ke Tim
Organism Uptake Time 239+240p 241 Am 137Cs | 60Co
(days)
Worms 11-50 0.0016 -0.002 | 0.0009 -0.003 0.2 0.06
Clams 40-50 0.006 - 0.01 0.004 -0.02 -~ --
Isopod 40 - 50 -- 0.006-0.032
Amphipod 14 0.10 0.11

Fowler et al. (1997), IAEA (1985) )

Sediment

Claudia Benitez-Nelson doi:10.1002/10e2.100010 ‘ As I_O e-Lectures



of selected radionuclides

within different taxonomic groups

*AE = The fraction of ingested radionuclide via food
that is absorbed and retained in body tissues

Organism 137Cg | 239+240py | 241Am 210pg
Food type

Zooplankton feeding on

Phytoplankton - 0.8-1 09-10 | 20-55
Decapod crustaceans feeding on

artemia - 10-60 8-58 5
Bivalve Molluscs feeding on

phytoplankton 3-4 0.9 0.6 - 38 17
Cephalopods feeding on crabs 23 -29 . 51 -60 -
Teleost fish feeding on shrimp 42 - 95 0.1-1 0.7 -6 5

Stewart et al. (2005); Fowler et al. (1975; 2005)

Food

|ASLO e-tectures
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Combined ingestion and excretion pathways

Bulk 137Cs activities in different size classes of
male and female European Hake

B females ®males

137Cs (Bq kg™ dry weight)

25-29

30-34 35-39 40-49 50-59 >60

Size (cm)

Harmelin-Vivien et al. (2012)

Significance of male-female difference: ns = not significant, * p < 0.05, **p <0.01

Claudia Benitez-Nelson

doi:10.1002/10e2.100010
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2. Biogeochemical transfer and transport pathways of

radionuclides in the marine environment

> o~ A = . o .
Pelagic 66 Y K - %%%e  Zooplankton Horizontal migration
odweb & Mg ¥ mmp X —
Fo " g r =~
| .-f‘i e ‘;\_ L ,l;. -
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. w \ gy~ & " {
. ® " : 'l,#. . """':.,,:;'.‘"" = - . ‘_"’-\.".
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Sinking particles
@ ! 3 & Figure drawn by
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Horizontal Transport

Here, Pacific Bluefin Tuna (PBFT) transported '34Cs during their
migration across the Pacific Ocean after having been contaminated near
Japan by the releases of the Fukushima Dai-ichi nuclear power plant.

Note that Yellowfin Tuna (YFT) contained none of the short lived '34Cs,
confirming that transport was not by water movement alone, but by
active horizontal transport by the PBFT.

growth dilution

1-4months !
Sampling

location

Seawater
2011

YFT @ '*'Cs
2011 ®

Madigan et al., 2012

ASLO e-tectures
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Vertical Transport

Production of fecal pellets is an efficient way for
transporting contaminants to the seabed

Zooplankton

Claudia Benitez-Nelson

Zooplankton Fecal Pellets

Pteropods
(Gymnosomata
& Thecosomata)

L
N

—— | mm

Euphausiids

— 100 pm

Courtesy of Scott Fowler

doi:10.1002/10€2.100010 ASLO e-Lectures
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Vertical Transport

Concentrations of selected radionuclides (Bq kg™ dry) in plankton and sinking
particulate matter in the water column

Organism 239+240Pu 241 Am 210Po 137Cs 134cs
Phytoplankton 035-1.0 | 0.052-0.22 21-61 - =
Copepods 0.05-0.48 | 0.022-0.12 126 *34+7 *22+.6

Fecal pellets 1.2-34 18=2.7 617 *6300+ 1000 | *3400 600
Euphausiids 0.015 - 40.7 - -
Fecal Pellets 3.6 - 648 - 1000 . .
Molts 0.18 (90%) - 13.3 (2.5%) - -
Salps - - 260 = =
Fecal pellets 8.9 5.0 583 -750 = =
TJapanese Copepods - - - 0.42+0.15 -
(Pre — Fukushima)
**Japanese Copepods - - - 0-56 0-46
(Post - Fukushima)

Courtesy Scott Fowler

* Samples are Chernobyl fallout-enriched (Fowler et al., 1987)

1t from Tateda (1998)

** from Buesseler et al. (2012)

() =Percent of euphausiid whole body radionuclide concentration contained in the molt

ASLO e-tectures
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Vertical Transport

Following accidental release from Fukushima Dai-ichi Nuclear Power Plant
Example: radiocesium in fish (Bq kg™ ww)

Fish living in the water column Fish living close to the bottom

100,000

. . . USA-Europe (1200-1250 respectively) regulatory limit
-----.-,-.--P*‘fe:-v.':---'- -----------------------------------
Yt s R 1

’ "‘:;. ". -:3;: ‘. ) .:?&m.g‘ :.’.o.§' '.J :.‘ \a TR

[ .~.. o

10 - oo o THSY t“?"ol.": ".‘ Y -z"' '?.""‘.". WY (IS RV A

134+137CS Bq kg-1 wWWwW
I
sl
% P
i
l}',"

&
c. '. .
s L A
?-"
s ¢
R

-

Se

ety e

0.1
01/01/11 01/01/12 01/01/13 01/01/14 01/02/15 01/02/16

Date

Modified from Buesseler et al. (2017)

Claudia Benitez-Nelson doi:10.1002/10€2.100010 'ASLO e-tectures



Transport within food chains:

Do radionuclides biomagnify in marine food chains?

Biomagnification = Topprecators oL, 19Cs
increasing concentrations f 10,000,000 4300
in organisms at ‘y\

successively higher levels Large fish =

in the food chain. f;, - 1,000,000 150

A limited number of |

Small fish
substances magnify in , i jN0.000 R
marine food chains. For
example: mercury, PCBs, """ Zooplankton! 10000 40
and DDT. "
Cesium and Polonium are Prod oy 1000 20

radionuclides that have
limited biomagnification.

W,

ASLO e-tectures
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Toxic radionuclides in marine food chains

Once radionuclides are released into the environment and
incorporated into marine organisms, how do we assess
potential impacts on the environment and risks associated

with seafood consumption?

Claudia Benitez-Nelson doi:10.1002/10€2.100010 ASLO e-tectures
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3. What is Radiation?

Radiation is energy in the form of high-speed particles (or electromagnetic
waves or photons). It can be ionizing or non-ionizing.

Low Energy High Energy
Penetrates Earth's
Y N Y N
AIToEphETE? ¥ Y
Radiation Type Radio Microwave Infrared Visible Ultraviolet X-ray Gamma ray
Wavelength (m) 10° 1072 107° 0.5x107° 108 10710 10712

Approximate Scale
of Wavelength

el W X N

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

10% 108 102 10'° 10'6 10'8 102

Wikimedia Commons

Non-ionizing radiation lacks the energy to alter atoms (e.g., visible light and
microwaves). lonizing radiation has enough energy to change normal cellular
functioning. lonizing radiation may cause cells to die or transform into a
cancerous cell. It is these particles that are emitted from a radioactive nuclide.

Claudia Benitez-Nelson doi:10.1002/10e2.100010 ' S e-Lectures



Radiation types we primarily focus on:

Alpha (o) particles: Most densely ionizing, but least penetrating. This means that
cells can be protected or shielded from damage by alpha particles by clothing.
Even the dead outer layer of your skin will protect you from damage from alpha
particles. However, if alpha emitters are inhaled or ingested or get into a cut on the

skin, they can cause damage to cells. As alpha particles are emitted inside the body,
the surrounding cells are damaged.

Epidermis Dermis Hypodermis Muscle

©OMIRIS 2009

Claudia Benitez-Nelson doi:10.1002/10€2.100010 'ASLO e-tectures



Radiation types we primarily focus on:

Beta ([3) particles: More energetic. Can travel several feet through air.
Are stopped with denser materials such as wood, glass, or aluminum foil.

Epidermis Dermis Hypodermis Muscle

©OMIRIS 20041/

Claudia Benitez-Nelson doi:10.1002/10€2.100010 ASLO e-tectures



Radiation types we primarily focus on:

Gamma (y) rays:

High-energy electromagnetic energy waves and the most penetrating type of
radiation. Cells must be shielded from gamma rays with concrete, lead or steel.
Not all may do cellular damage, but they must interact with the material to do so.

Epidermis Dermis Hypodermis Muscle

1 I 1 1 1 I I 1

0 1 2 3 4 5 6 mm

©OMIRIS 2004//

Claudia Benitez-Nelson doi:10.1002/10€2.100010 'ASLO e-tectures
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Radiation Dose Concepts

* Adsorbed dose (Gray, Gy) is the absorption of radiation
per unit mass of tissue. 1 Gy = 1 Joule per kg

For humans only:

* Equivalent dose (Sievert, Sv) adjusts for biological
damage by different types of ionizing radiation (o, 3, Y)
using a weighting factor (W)

w, =1(B,v,X)and 20 (o)

 Effective dose (Sievert, Sv) is the tissue-weighted sum
of the equivalent doses in all specified tissues and
organs of the human body.

ASLO e-Lectures
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Different types of Effects: Deterministic versus Stochastic

Deterministic effects: Severity increases with the dose. Radiation dose
levels, or “thresholds”, are determined, below which, effects from

radiation exposure are @ Dose Threshold for Deterministic Effects* )
absent. Generally they are
: Total Acute Dose Time to
short term effects and issue Threshold (Gy) Develop Effect
specific to the individual. Lens of eye
Detectable opacities 0.5-2 >1 year
N ‘ Cataract formation 5 >1 year
deterministic effects SKin
3 Skin reddening 3-6 1-4 weeks
S Temporary hair loss 4 2-3 weeks
G Skin death and scarring 5-10 1-4 weeks
v Testes
uq:) Temporary sterility 0.15 3-9 weeks
Permanent sterility 3.5-6 3 weeks
Ovaries
Permanent sterility 2.5-6 <1 week
Gastrointestinal
Mucosa lining loss 6 6—-9 days
Bone marrow
Reduction of blood
Dose (Gy) cell production 05 42 s
/ * 1% incidence level based on ICRP publication 103 (2007)
K From Peck and Samei (2017) /
Claudia Benitez-Nelson doi:10.1002/1062.100010 ASLO e-tectures’




Different types of Effects: Deterministic versus Stochastic

Stochastic effects:

Severity of stochastic effects is independent of the dose.

RISK

Typend el o
Sackground eposres

-
.
s ®

»-
ABSORBEDDOSE [

UNSCEAR (2012)

Possible Effects:

1) Cancer (e.g., long-term
results from smoking)

2) Hereditary defects
(e.g., Down Syndrome) |

There is no threshold, and the probability of having effects is
proportional to the dose adsorbed at the population level.

In other words, depending on the conditions of exposure,
effects may or may not occur.

Claudia Benitez-Nelson

doi:10.1002/10e2.100010
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How do you determine the Effective Dose to a human?

Generic Biokinetic Model

exhalation T i inhalation ingestion
lymph nodes | respiratory l
Skin tract >
gastro
direct absgrption e | — > | intestinal
- liver tract
sweat
5 | subcutaneous | . . >
wound tissue T l T l
other )
organs kidney
=i l faeces
bladder
(ICRP 78, 1997)
i urine

Claudia Benitez-Nelson doi:10.1002/10€2.100010 ASLO e-Lectures



How do you determine the Effective Dose to humans?

E = Z WrHp= Z Wr Z WRDT,R
T T R

Mean absorbed dose
lEquiva[ent dose imparted to tissue (Gy)

/

E=SWyHp =S Wy Wy Dy (su

, TRadiation qualit
IEffectlve dose . . o /
Tissue radiosensitivity
ICRP, 2007
Claudia Benitez-Nelson doi:10.1002/10€2.100010 ASLO e-tectures




Tissue Weighting Factor: (IW/;)

] w.
Tissue T ) W
Bone-marrow (red), c.olon, Ifmg, 0.12 0.72
stomach, breast, remainder tissues
Gonads 0.08 0.08
Bladder, oesophagus, liver, thyroid 0.04 0.16
Bone surface, brain, salivary glands, skin 0.01 0.04
Reminder: w, =1 (B, y, X) and 20 (a) \ y )

Claudia Benitez-Nelson

Note 2. W across whole body = 1

doi:10.1002/10e2.100010

ICRP, 2007  /

ASLO e-tectures
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Irradiation versus

From a distance Internal/external
Irradiation Contamination
Body is exposed to The radioactive substance
external radiation is directly on
(i.e., via water, the skin (external) or
soil/sediment and air) within the body (internal)
Claudia Benitez-Nelson doi:10.1002/10€2.100010 L ASLO e-tectures




Let us examine one pathway as an example and major concern

for Marine Systems: Seafood ingestion

Deﬁ-ing = Z ZJ Ai/j Q] DCi

]
Where:
D..,, @ Effective dose by ingestion Sy
A, ; | Radionuclide i massic activity in foodstuff j Bq kg
Q; | Consumption rate of foodstuff kgy" |
DC. @ Dose coefficient for radionuclide i Sv Bg' ingested

Specific Cases:
The potassium concentration is kept constant by humans. The proportion of 4°K to

total K (specific activity: Bq kg™ of potassium) is also constant. So the “°K whole body
activity is constant and leads to an effective dose of ~ 170 uSv y' for an adult (185

uSv y! for a child).

For similar reasons, '*C activity is constant in the human body. This leads to an
annual effective dose of ~12 uSv/y.
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Dose coefficients (DC) for some naturally occurring and

artificial radionuclides (ingestion pathway)

10
Highest radio-toxicity level
o 1
T
T,
)
O o
v o1
cC [
@ = . -
3 m
@  0.01 -
S~
>
n
=
= 0.001
O
(@]
0.0001 . —.
Lowest radio-toxicity levels
0.00001
x> < % 0 X o & A N o) N 2 o
2 A A S RS AR R > @ & 8
N S o5 COR - SR
N@@b@"é\é”q&’\'”'{?i"@’
N3
Aakrog et al. (1997), ICRP (2007)
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After ingestion, how long do these radionuclides

exist in the body (Effective t,,)

The effective half life (t,,) represents the combination of
the physical and biological half-lives.

: : t, Part of the body t, S Radionuclides and

Radianuelide (phys) considered (eff) Haclotoxicity radioelements

*H 1232y Body Tissue 12d Group I: Very High 90Sr, 226R3, 238py

S 5730y Fat 12d Group II: High S5Fe, 210Bj, 210Pg

=P 143d Gastrointestinal Tract  14d

356 875d Tasfis 76 d Group lll: Medium 3H, 14C, 32p, 35S, 137Cs
S0Co 527y Gastrointestinal Tract 0.75d Group IV: Low 42K 64Cy, 85Kr ’
129] 1.57x10%y Thyroid 140d

131] 8.02d Thyroid 7.6d

7Cs 30.17y Total 70d Depends on: Radiation emitted,
210p 1384d Spl 42d .

- Pieen mode of intake, amount,

222Rn 3.8d Lung 3.8d . . .
2683 1600 y Bone aay chemical properties/metabolic
238 447 x10%y Lung, Kidney 15d afﬁnlty, and the effective t,
#8pg 241 x10%y Bone 64y
21 Am 4322y Kidney 64y

Selected data from Leiser (2008) as adapted from ICRP (1993)
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Radiation in daily life

Effective Dose
mSv/year

Natural Radiation
(%‘:ﬁ‘ ‘-l

20 A

10

Unusually high natural radiation dose
in downtown Guarapari, Brazil

for radiation worker 4 ||

6.6

Average annual dose to aircrew 5

Man-made Radiation

Annual dose limit #5047 O\

5,000 mSv
Half of people exposed to this
level in a single dose will die
within a month.

1,000 mSv
Causes acute radiation
sickness in people exposed to
this amount in a single dose.

100 mSv/year

Lowest level that causes a
documented increase in
cancer risk

flying 800 hours per year Average effective
dose from CT scan
» . —_—
w
1 ‘ Food/drinks | 2.4
- Annual natural 1-0
S background Annual dose limit for
~~, Radongas from | radiation general public (except
RADON ground medical exposure)
~4 T":} Cosmic rays 0-6
b i Average effective dose from
single abdominal x-ray
Buildings/soil

‘)" Average effective dose r{(%
from mammogram

Air passage from
2 Hong Kong to
North American

— 005

Average effective dose
from single chest x-ray

Number from which
regulatory limits in food,
etc. are determined.

Average person = 3 - 6 mSv/year

V.01

Claudia Benitez-Nelson doi:10.1002/10e2.100010
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Worldwide average radiation exposure from various sources

GLOBAL (UNSCEAR 2000) GLOBAL (UNSCEAR 2008)

04 0.6
0.01
/

0.01

—1.2

— 1.26

04 0.39

2000: Global average dose 2008: Global average
~2.81mSvy' ~3.03mSvy’ |

. External : Consumer
Radon . Cosmic ] teitastril Ingestion products Other

Exposure to ionizing radiation varies among countries and within countries.
It greatly depends on geographic location and way of life.
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Environmental Protection

Ecological risk assessment and management
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4. Radiological protection and the environment:

Changing perspectives from anthropocentric to ecocentric

Initial focus was on humankind: It was considered that “if man is
adequately protected, then other living things are also likely to be
sufficiently protected.” (ICRP, 1977)

Beginning in the late 1980s this assumption has been questioned.

Due to increasing regulations regarding the protection of the
environment, specific criteria for species other than man has |
reached a consensus by the International Community.

ICRP (2008)

ASLO e-tectures
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Similarity in approaches: Humans versus the Environment

Schematic approach to the protection of both the public and the

environment in relation to any exposure situation.

Planned, emergency, and existing exposure situations

Environmental radionuclide concentrations

¥

¥

Reference Male & Female,
“Representative Person”

Reference Animals and
Plants (RAP)

¥

Dose limits, constraints and
reference levels

¥

v

Derived Consideration
Reference Levels

v

Decisions regarding protection of public health and
the environment for the same exposure situation

Claudia Benitez-Nelson doi:10.1002/10e2.100010

ICRP (2008. 2009); Pentreath (2009)
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What we know regarding the effects on organisms:

Acute ionizing radiation exposure

Rose (1992)

Blaylock et al, (1996)

Viruses
|

Protozoa
|

Bacteria

Mosses, lichens, algae

Mqlluscs .
| Insects
| Crustaceans
Rgzptiles
Amphibjans
Fish
Higher plants
Birds |
Mammals | Credit K. Beaugelin-Sellier, IRSN
1 10 100 1000 10,000

Claudia Benitez-Nelson

Acute lethal dose (Gy)

doi:10.1002/10e2.100010
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Chronic Exposure

Species Sensitivity Distribution for a generic ecosystem and
assuming chronic gamma (y) ray exposure

100%

90% - _’*_k/ |

i o Vertebrates
b ¢ Plants

70% - v Invertebrates
60% - — Best-Estimate
50% 4 @ | | 2 AL x| | | EEE== Centile 95%

40% -

30%

‘I
ﬂ' . .0
20% - i 7
‘®m
10% - —._‘-77/ Ll

Potentially Affected Species (% Total)

00/0 1 T T T T T
1 10 100 1000 10000 100000 1000000 10000000
Dose rate (uGy h™")
Garnier-Laplace et al. (2006, 2010)
Claudia Benitez-Nelson doi:10.1002/1062.100010 ASLO e-Lectures




Radiological protection and the environment

* UNSCEAR (2008): Analyses of available data concludes that chronic
irradiation at dose rates up to 400 uGy h-' to a small proportion of
individuals in an aquatic population results in no detrimental
effects at the population level

 ICRP (2008): Defines DCRLs (i.e., a range of dose rates within which it is
likely to observe some deleterious effects) for a given Reference
Animal or Plant (RAP).

Marine RAPs : Flatfish and seaweed: 42-420 uGy h-1
Crabs: 420-4200 pGy h1

Various European Union programs have agreed on a conservative
Predicted No Effect Dose-Rate of 10 uGy h-', which is ultimately
derived from the Species Sensitivity Distributions (see previous slide).

Claudia Benitez-Nelson doi:10.1002/10e2.100010 ‘ As I_O e-lectare :
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The ERICA tool

The 15t European answer towards demonstration
of environmental protection

Environmental Risk from lonising Contaminants:
Assessment and Management

* The outcome of a suite of European research programs
e 2004-2007 (first release)

ERICA: Suggested screening benchmark: 10 pGy h' (87.6 mGy y')
to protect the structure and function of a generic ecosystem |

Development of the ERICA tool:

* A free software approach to assessing the radiological risk to
terrestrial, freshwater and marine biota

* Based on a reference organism approach based on biological
effects on individual marine biota

» Updated in 2008, 2009, 2011, 2012, 2014 and 2016
» Website: https://wiki.ceh.ac.uk/display/rpemain/ERICA+Tool

L ASLO e-tectures
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Radionuclides from a variety of sources are
bioaccumulated by marine organisms

Bioaccumulation depends on: Shark

(fish-eating fish)

* The marine organism (Species, trophic level...)

* Environmental parameters (temperature, salinity...)

(plankton-eating fish)

'v
o @
—

Marine biota transport radionuclides horizontally
(migration) and vertically (migration, feces). Some
radionuclides may accumulate in higher trophic
levels via grazing.

(zooplankton) \, J (zooplankton)

CEAT }r\ }

Future Directions:

* There is very little information on radionuclide uptake by plankton
communities or in top predators, including mammals.

* Most of the data is derived from temperate climates. Larger geographical
studies are needed.

» Comprehensive studies on radionuclide transfer in a food web are uncommon.

53
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Radionuclides from a variety of sources are
bioaccumulated by marine organisms

Doses to humans and biota mainly arise from natural sources.

Since 2000, the emphasis has been on the development of
specific criteria for environmental protection.

Future Directions:

* More data is needed regarding the radiological chronic exposure
effects on marine biota

* Refinement of dose-response relationships under natural versus
laboratory conditions

* Environmental Risk Assessment needs to move from individual
species to ecosystem (e.g., the impact on biodiversity index,
trophic network structure, etc.)

Claudia Benitez-Nelson doi:10.1002/10e2.100010
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