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Radionuclides in the diet:
which ones and why

)




Jdionuclides are present in the Earth crust

Other
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ionuclides both of natural origin
and of artificial origin are widely
present in our environment

Ingestion of atoms of these
radionuclides with foods and water is
unavoidable.
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ABUNDANCE OF SOME

RADIONUCLIDES IN THE ENVIRONMENT

‘ Ra Earth crust Sea water Atmosphere
mg/kg Ba/kg mg/kg Ba/kg mg/L | Ba/L
238U 3 33 3x103 3.7x102
226Ra 1x10°° 33 1x10710 3.7x10°3
210PO 2x10-10 33 7x10°1> 1.1x103




to assess radioactivity in the diet (1)

rring radionuclides:

part of our natural environment. Is their ingestion ok ?
much of 226 Ra, 210Po, 210Pb or Rn (radon) can be harmful.

Natu

Aquifer

rinking water (groundwater) contain radionuclides in
oncentrations. There are recommended limits for
lonuclides in drinking water.

» Some foods (sea foods) may contain high concentrations
of natural radionuclides, such as 210Po. Not regulated.

» Some industrial products may contain enhanced conc. of
natural radionuclides. Ex fosforic acid added to animal
feeds for cattle and poultry.




to assess radioactivity in the diet (2)

ionuclides

t part of our natural environment and were introduced by nuclear
ies. Sources: weapon tests, nuclear fuel reprocessing, nuclear

nts. Ex.: Pu, Am, |, Cs, Sr.

Artj

hey may be found in soils, in aerosols and thus in the vegetables, milk, beef, water
fish, etc.

» The most dangerous are the alpha emmitters (Pu, Am), although less absorbed through
the gut.
lodine (131l) is easily concentrated in thyroid gland through ingestion and
inhalation,
90Sr is absorbed through ingestion and concentrated in the bone tissue



URE PATHWAYS TO RADIONUCLIDES
MODES OF EXPOSURE
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l/ Monitoring the food chain




Pathways of radioactive contamination to
agricultural products

1ation

- 2. Water Co ntaﬁi '

L = 3 i /
- - . \ I'- ,ﬁi e wm radioactive fallout to surface water
* Inhalation “’ 3 il i I : - r }
. w * Fishery products contaminated

* Plants and animals contaminated through water uptake
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Tr

sunlight

of radionuclides in marine food chains

Radionuclides (natural
and artificial) are taken
from solution by
plankton, accumulated,
and transferred along
the food chain
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Tr of radionuclides in terrestrial food chains

(/‘Energy pyramid

Both natural and
artificial radionuclides
are transferred in food
chains
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urpose of radioactivity monitoring of food chain:
ent of ingestion of radionuclides by humans with the diet



Monitoring the food chain

t basket survey: selected foods are sampled
nalyzed (ex: beef and cheese from several
lons) (Advantage: helps to identify single
roducts that might be contaminated; also useful
to certify non contamination and facilitate export)

 Complete (actual) meals: Represents more
accurately what is ingested (effects of the cooking)




Preparation and measurement of drinking water
samples for the determination of radionuclide
concentrations and total alpha and beta activity.

Janeiro
Fevereiro
Marco
Abril
Alaio
Junho
Julho
Agosto
Setembro
Ountmbro
Novembro

Dezembro

Atividade minima detetavel em "¥'Cs (a), *Sr (b). *H (c), atividads alfa total (d) e atividade bata total (el

=2 58= 107 (a)
=3,60:=107 (a)
=2 58=107 (a)
=2 98:=107 (@)
=2 17=107 (@)
=4, 006 10 (&)
=4 00107 (a)
== D0 107 (&)
=3, 3%= 10 (a)
=3, 56107 (a)
=3 45=107 {a)

=4 62=107 ()

(2,0040,53)= 107
(1,28+0,51)=107
(1,8510,72)=10"
=1,59=107 (k)
(1,3340,64)=107
=2, 18=107 (b}
=3 16=107 (&)
2. 76310,9T)=107
(2,030, 700107
(2,241,1)=107
2.153H0,65)=107

(1.94+0, 86) =107

W/ Water for human consumption

=041 (c)
=204 (c)
=044 ()
=20,440 (c)
=10.45 ()
0541020
0881030
=30.44 (=)
1,3240.32
2291039
2 404037

0,774H0,29

=0,071 (D)
=0, 057 (d)
=0, 045 (d)
0,053 (d)
=0,044 (d)
=0,050 ()
=0,035 (d)
=0,040 (d)
=0, 047 ()
=0, 046 (d)
0,055 (d)

=0,030 ()

Activity concentration values A + u (k = 2) (Bq L), 137Cs, 90Sr,
3H, total alpha and total beta activity in drinking water of Lisbon
(public water supply)

=0 210 (e}
=0,105 (e}
=0.158 (e)
=0.188 (e}
=0,154 (e}
=0.173 (e)
=0,117 {e)
=0, 129 (e}
=153 (e)
=0,155 (e}
=0.111 (e}

=0,096 ()

*Dievido a. urns svaria do eguipamento de medigio, estas amostras foram medidas algom tempo spos 8 sua preparagio.
Como o “'Sr é determinado a partit do sen descendents v a quzl spresents uwm penodo de semi-vida relativamente
carto (64 h), a nio medigio das amostras logoe apds @ sua pmpmacml;lude ter influenciado oz valores das concentragbes

de arividade repormados devido ao decréscimo ripido da atividade em ¥



Radioactivity in drinking water

. oring performed in main water supply sources-artificial

('16\ (monthly)

tap water from Lisbon, and from other cities on a rotation
basis (screening)

* NOTE: Water companies must provide detailed analysis of tap
water quality to Water Authority and render them public
(periodically)



adioactivity in the food chain

Activity concentration values A * u(k = 2) (Bq kg fresh
weight), radionuclides 137Cs, 1311, 90Sr and 40K in the

food chain

ASAFE (Regifio Janmeire Portalegre Alface =10,10 (=) =10,16 (b) = 1272 =05
Alentejo) Batata =011 (&) 0,09 (b) = 132,1=06
Maci =0,12 (&) =0,11 (b) = 32,4234
Carne (Bovinod  =0,11 (=) =0,38 (b) =0,044 () 102 6= 0
ASAF (Regifio Jameiro Lairia Couve =0,13 (=) =020 (b) 0,020 () 84,6=T_1
Centro) Aveiro Batata =0,13 (=) =0,19 (b) = 180=13
Lairia Laranja =0, 10 (=) =0,14 (b) = 41 440
Coimbra Carne (Bovina)  =0,10 (=) =023 (b) =0,047 () 06,9=7 2
ASAF (Regifio Fewereiro iana do Castelo Couve =10,13 (&) =022 (b) =0,031 (c) o2 0=7.5
MNorte) Avweiro Batata =0,13 (=) =020 (b) = 157=12
Laranja =10,09 (=) =0,15 (b) = 46,5=3 0
“iana do Castele Carne (Bovined  =<0,13 (&) =020 (b =0,033 () 103, 0=8.0
ASAFE (Regiiio AMarce Faro Couve =10,20 (=) =021 (b) =0,028 () 63,6=52
Alzarve) Batata 10,10 (&) =0,21 (b) = 14511
Laranja =0,11 (&) =0,19 (b) = 552240
Carne (Bovino)  =0,10 (=) =021 (b) =0U055 () 107, 7=8.0
ASAF (Regifio  Abril Lichoa Couve =0,10 (=) =0,28 (b) 00450024 04 0=7 3
Lisboa & Vale Cabola =10, 12 (a) =a0,02 () - 40, T=4 0
de Tejo) Leiria Mach =10,09 (&) =0, 10 () - 30,7228
Senikbal Came (Suing) =0,12 (a) =0,33 (b) =0,031 (c) 125, 3=06
Inspecio Abril Angra Heroismmo Alface =0,14 (=) =0,19 (b) = 120,0=89
Regional das Batata =0,12 (a) =0,10 (b) = 105,0=7,9
Atividades Laranja 0,30=0,10 =0,14 (b) = 45,1=43
Econémicas Camne (Bovino) 084012 =0,15 (b) 0,066 () 050=72
. dos Agores)
Preparation of food samples and measurement by ASAE (Restio  ataio aveiro Come  ois@ D28 <00 Isees
Centro) Coimbra Batata =10,14 (a) =0,11 (b) = =TT
Aweing Laranja =a,09 (&) =00, 10 (B - . LT
ga m ma spect romet ry Leiria Carne (Bovino)  =0,12 (@) =0, 18 (b) 0.026=0,012 105,3=82
Direcio Alaio Santana Couve =10,10 (&) =0,20 (b) 0.058=0,019 101,5=7,7
Regional de Batata =0,12 (a) =0,19 (b} = 161=12
Agricultura Eiwi =0,12 (&) =0,11 (b) = 68 6=5 8
da Regifio Ribeira Brava Carne (Bovino) =10, 08 (a) =22 () =00,072 {c) 05 67,1
Aunténoma da
Aadeira
ASAF (Regifio Junho Evora Alface =0, 10 (2) =021 (b) = 56,924 8
Alentejo) Beja Cebola =0,07 (=) =0,13 (b) = 40.7+3 5
Evora Meloa =10,13 (=) =044 (b) = B3 4=58
5. Marcos Serra  Carne (Bovined  =0,11 (&) =0,35 (b) =0,035 () 117.3=89

Atividade minima detetivel em 'Cs (a), "*'T (1) e ST ().



Where to collect samples?

(/\

Across the country to assess the exposure of general population

* Specific monitoring programmes may be needed in areas around
nuclear facilities and uranium mines

19



All radionuclides of uranium series are present
U facilities and waste piles 20



Nuclear facilities

Liquid and gas releases
May affect the neighbourhood and
far regions

Nuclear power plants in Europe




Radionuclides of interest

e identification of “radionuclides of interest”

Examples:
Uranium mining and milling
Uranium chain: 238U, 234U, 239Th, 226R3, 210pp, 210pg

Nuclear power plant

Fission products: 137Cs, 140Ba, 90Sr, ...
Activation products: 60Co, 54Mn, 110mAg, ... -3
Tritium 3H il
NORM industries (oil, gas, phosphate, ...)
Naturals: 210Po, 226Ra, 210Pb...




lpha spectrometry (Si detectors)
Gamma spectrometry (HpGe detectors)




importance of a baseline study

iation baseline
dy

nowing the current level
of radiation exposure

= External gamma
radiation /ambient
dose e M

*" |nhalation: gas, dust

= |ngestion: water, food




l/ Effective dose to humans




e determination of radionuclides in the diet:

t of the Effective Dose to the average member of the public
pliance with radiation dose limits
diation protection of the nationwide population




lation of Effective Dose to the average
member of the public nationwide

s periodic determinations of environmental radioactivity and
ion dose rates, such as:

ambient radiation dose (external radiation; TLDs)

activity concentration of radionuclides in drinking water and food
(ingestion)

 activity concentration of radionuclides in aerosols (inhalation)

* radon indoors and outdoors (inhalation)

Such need justifies the set up of an Environmental Monitoring Program:

* With definition of samples to be analysed, sampling sites, frequency of
sampling, radionuclides to be targeted, analytical protocols, ...

* Delivery of an annual report with the results and dose assessment.



Cal of Effective Dose to the average member of the

public nationwide

O account:

national average diet (Food balance sheet)
o/Water consumption

e Other beverages and special food items (if needed)
* External radiation exposure (varies with regions)

* Exposure from Inhalation



on of Effective Dose to the member of the
public nationwide

consideration:
ral radiation background (natural radionuclides)

rompts to identify additional exposures (artificial
radionuclides and, in some areas, enhanced concentrations of
natural radionuclides)



Effective dose

| committed effective dose, H, is computed as

h (inhalation)+ Ding (ingestion) + Dext (ambient radiation)
n be reported in mSv/y

 The external irradiation is measured directly as ambient radiation dose
rate.

* Dose through Inhalation requires aerosol monitoring and radon
measurements

* Dose from Ingestion requires analysis of radionuclides in foods and
water.



ternal dose from ingested food

as

Ag-DCF; or-ING.-

g

D,., the committed effective dose from radionuclides in the ingested food in one
year and expressed in Sv/y,

A the activity concentration of radionuclide R in the ingested food , in Bqg/kg,

DCF,.r the activity-to-dose conversion factor through ingestion of radionuclide R, in
Sv/Ba,

* Ing, the food ingestion rate in kg/y



ernal dose from aerosol inhalation

d as

=3 A..DCF. ..C..Inh.. T

Being

* D,,, the committed effective dose from radionuclides in the inhaled dust and expressed in Sv/y,
* A;the activity concentration of radionuclide R in the inhaled dust, in Bg/kg,

* DCF, . The activity-to-dose conversion factor through inhalation of radionuclide R, in Sv/Bq,

* Cg4 the air dust concentration, in kg/m?3,

* Inh, the breathing rate in m3/h,

* Tthe exposure time in hours per year.



ffective Dose to the member of the public
hationwide

ly, over the years radiations doses are mostly due to the
ral radioactive background

e about 2.4-2.6 mSv/y, but vary between regions (geology
and radon) and are higher in uranium mining areas

* Small contributions from artificial radionuclides present in the
environment (1-10%)

* Larger contributions from artificial radionuclides following
nuclear accidents.



rnobyl nuclear accident (26 april 1986)

f Effective Dose to the member of the public
nationwide

Rou measurements in the country, and across Europe,
allowed |Oc#l and regional dose assessment.

Dosq incyéased 1-3 mSv/y from fallout.
Advigfages of a routine EMP:
pid identification of radionuclides and specific transfer

pathways:

* imported carcasses with high 137Cs content, from East
Europe

* Migratory birds (dove and stournels) from Black Sea region
* Dry fruits, seeds, and mushrooms from Midle East. S
* Powder milk from central Europe. | o

* Protection measures approved and implemented timely.




posure to the public was estimated at 4% of the
radiological impact from Chernobyl

* Practically no measures were needed. Approved to

keep monitoring commodities imported from Japan.

shima nuclear accident (11 march 2011):

ation of Effective Dose to the average member of the public nationwide

Radionuclides measured at Lisbon
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Radionuclides determined in air filters at Sacavém, Lisbon, following the

Fukushima Daiichi nuclear accident. Arrows indicate the collection date of
atmospheric depozition samples [Carvalho et al., ). Env. Radioactivity 2012)
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tive Dose to the member of the public
nationwide

ﬁ{\ on to learn from nuclear accidents is:

] Coptinued monitoring and dose assessment are needed
ecause there are many radioactive sources (nuclear and non-
nuclear) with regular discharges into the environment, and
accidental releases may occur.

* An EMP is needed to ensure radiation safety of the population.



v a continuous Environmental Radiation
Monitoring Program?
in and continuously improve the ability to:

De\ t and identify and nuclear or radiological emergency

ldentify and quantify radionuclides present
Assess the radiation dose to humans

* Enable sound decisions

e Act timely with radiation protection measures

If there is no EMP:
What risk assessment can we make ?
What advices to the population? Decisions? Measures?

37



Conclusions

radionuclides with the diet originates internal exposure of organs and
ing a large contribution to the radiation dose received by humans

may include a large variety of foods from different origins. Foods may contain
ariajefe radionuclide concentrations (natural and artificial) depending on discharges
the environment in the regions of production.

To fully assess the radiation exposure of the public, the determination of radioactivity
in the diet (ingestion), radioactivity in the air (inhalation) and external (ambient)
radiation are needed

» Many countries, following the IAEA recommendations, implement Environmental
Monitoring Programmes.
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