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We are exposed to a series of radionuclides in mixtures with other 
stressors (metals, organics, etc)

Natural sources:
Cosmic and terrestrial 
derived:

• U-series

Anthropogenic 
sources:

Man made produced 
contaminants

• plutonium 

Cosmic radiation

Releases of  radionuclides followed by 
dry and wet depositions, ecosystem 
transfer

Radioactivity
releases from 
the nuclear cycle

Inhalation, skin deposition, intake of food, water: 
organics, metals, radionuclides

Medicines

Gamma



Challenges: to link releases of radionuclide species from one source via 
ecosystem transfer to dose, effects, impact and risk assessment under 
various climate conditions

Transport in different ecosystems

Processes in soil / water / sediments

Bioavailability

Exposure

Biological 
membrane

Uptake/effect

Impact/risks

Climate
conditions

Sources One specific 
nuclear source

Sources

Pathogens/virus

Complex system – many stressors/variable antioxidant status



Take home message

• Radionuclides can be present in different physico-chemical 
forms influencing ecosystem transfer/mobility, biological uptake 
and effects

• Transfer (Kd and TF or BCF) depends on speciation, 
ecosystems and biological species, and will apply to a time 
function f(t)

• Radionuclide species depend on sources and release 
conditions and transformation processes occurring in the 
environment 

• Hazards can be underestimated if radionuclide speciation – the 
presence of particles – is ignored

• Advances speciation/fractionation techniques are needed to 
distinguish between radionuclides species.



Source term         Transport              Biol. uptake      Biol. effects

Bq Kd BCF, TF, TC mSv/y, mGy/y

Speciation

Countermeasures

Short and long term dose, impact and risk assessments

Predicting power of models depends on the uncertainties:
Source term - ecosystem transport – uptake - effects 

Focus:  The source term/deposition and radionuclide speciation influence the 
ecosystem transfer, and effect estimates



Nuclear sources have contributed to major releases of 
radioactivity – Red: NMBU expeditions

 Nuclear weapon tests (Kazakhstan)
 Conventional detonation of weapons (Greenland, Spain)
 Nuclear reactor explosions and fires (Ukraine, UK)
 Accidents with reactor driven vehicles: satellites, submarine accidents  

(Norway)
 Effluents from nuclear installations  (UK, France, USA, Russia, Canada)
 Leaching from dumped nuclear material (Kara Sea)
 Use of DU ammunition

NORM/TeNORM
 Uranium mining and tailing (Central Asia)
 Alum/black shales (Norway)
 Non- nuclear industry: oil and gas, mining, etc



The speciation of radionuclides influences ecosystem transfer, 
biological uptake and effects

Colloids/
nanoparticles

LMM species Particles

Biological uptake

Biological effects

Impact and Risks

Source

Skin dose

Inhalation

f(t) f(t)

Bulk activity concentrations: sum of species, provide
no info on processes affecting radionuclide species

Recommended
1. Fractionation according to size

i.e. particles and colloids
2. Fractionation according to charge

i.e. charged LMM species
to avoid analytical problems



Models and data needed

Environmental impact, risks

Biological effect

Bioaccumulation
Biological uptake

Mobility

Source term

Model compartment

Risk factors
Dose conversion factors

Biological endpoints
Critical organs
Critical load

Uptake/depuration
Bioavailability

Interactions f(t)
Transformationf(t)
Weathering f(t)

Speciation
Isotopes, activity ratios,
activity concentrations
Information needed



Physico-chemical forms = speciation

Radionuclides, trace elements, trace metals, heavy metals, can 
be 

present in different physico-chemical forms:

ions, molecules, complexes, colloids, particles

influencing the transport and mobility, bioavailability and 
biological uptake, distribution within an organism, 
accumulation and thereby the effect



Definitions: radionuclide species

Radionuclide species:                                                                          
are defined according to their physico-chemical properties; molecular 
mass, charge properties, oxidation state – valence, structure, complexing 
ability, e.g.   ions, molecules, complexes, colloids, particles

Speciation of radionuclides:                                                                        
is defined as the distribution of radionuclide species in a system

Speciation analysis:                                                                               
Application of analytical techniques to identify and quantify one or more 
individual radionuclide species in a sample ( i.e. application of in situ, at 
site, on line, at lab. fractionation techniques prior to measurements).

According to/slightly modified IUPAC 2000 (Salbu, JER, 2009)



Definitions

• Radioactive particles 
in the environment are defined as localised 
aggregates of radioactive atoms that give 
rise to inhomogeneous distribution of 
radionuclides significantly different from 
that of the matrix background (IAEA, 2011).



Definition:  Particles (IAEA, 2011)

In water/sediment/soil/biota
• Fragments – larger than 2 mm
• Particle  size range: 0.45 µm – 2mm 
• Colloidal (nanoparticle) size range: 1 nm - 0.45 µm
• Low molecular mass (LMM) species: less than 1 nm

In air: 
• Particles (submicrons in aerosols to fragments) are classified 

according to their aerodynamic diameters.
• Particles less than 10 µm are considered respiratory.
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Size categories for different physico-chemical forms of 
radionuclides in aquatic systems

LMM species:
Low molecular mass species being positively or negatively charged,  
or neutral -
Cationic LMM can sorp to solid surfaces

Believed to be mobile and bioavailable
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Size categories for different physico-chemical forms of 
radionuclides in aquatic systems

Nanoparticles, colloids, psudocolloids
ranging from about 1-100 nm, usually negatively charged, kept in solution, 
mobile.
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Size categories for different physico-chemical forms of 
radionuclides in aquatic systems

Particles
In the range 0.45 µm to 2 mm
Varying in composition, crystalline structure, oxidation
state - source dep.
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The system is dynamic, and transformation processes will influence the 
size distribution of radionuclide species f (t)

Mobilization 
mechanisms:

 desorption
 dissolution
 dispersion

Molecular mass
growth mechanisms:

 hydrolysis
 complexation
 polymerisation
 colloid formation
 aggregation



Microchemical processes

• LMM species:
– Hydrolysis
– Polymerisation
– Complexation
– Co-precipitation
– sorption

• Colloids:
– Stable colloids- Brownian movement – behave concervatively in water
– Unstable – forming aggregate – can be removed due to sedimentation

• Particles:
– Weathering rates depend on composition, size, crystallographic 

structure, porosity, oxidation state
– Weathering rates depend on soil pH and oxidation (microbial activity)



Source  term – mobility – uptake – effect – risk
Dynamic processes f(t)

Input Source term: 
Radionuclides, activity concentrations, isotope ratios, speciation
Speciation: depends on source and release conditions

Mobility: 
Interactions f(t),  transformationf(t), particle weathering f(t)
Depends on speciation

Mobility in soil/sediment
Kd = Bq/kg d.w. / soil/Bq/L water f(t)
Retention in soils/sediments depends on speciation



Analytical strategy for the determination of radionuclide species

Total elements

Sampling

Storage

Preconcentration

Storage

Analysis

Interpretation of data

Speciation

In situ fractionation

Preconcentration

Storage

Analysis

sampling constant 
technique

chemical yield

effects f(t)

methods of analysis

sampling constant

effects f(t)

chemical yield

effects f(t)

methods of analysis
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Radionuclide speciation: 
Combination of Size and Charge Fractionation Techniques, Solid State 
Speciation Techniques, and sensitive methods (ICP-MS, AMS)

Size fractionation Charge fractionation Solid state speciation

Filtration
Tangential 
flow/hollow-fibre 
ultra filtration
Continous flow 
centrifugation
In situ dialysis (small 
volumes)
Ultra centrifugation
Density centrifugation
Dialysis/diffusion
Gel chrom.

Exchange chromatography 
(cation, anion, adsorption)
Liquid-liquid extraction
Sequential extractions
Electrochemical methods
Crown ether 
chromatography

Electronmicroscopy techniques 
(SEM, TEM)
Synchrotron radiation X-ray 
microscopic techniques
(µ-XRD, µ-XAS, µ-XANES, 
EXAFS)
Laser-induced spectroscopy 
(LIPAS, LITLS, LAMMA)
Electron energy loss 
spectroscopy (EELS)
Raman spectroscopy
Nuclear magnetic resonance 
spectroscopy

In situ fractionation N 2 tent for anoxic systems

Hot spots

Low activity concentrations – no direct specie-
specific techniques are available

Techniques must be combined to provide specie 
characteristics

Advanced techniques within other disciplines 
increasingly needed



Speciation of radionuclides in water

Diameter 1  nm 10  nm 0.1 µm 0.45 µm 1  µm 10  µm

Molecular 
mass

x 102 x 104       x 106 x 108

Category simple compounds hydrolyzates/colloids polymers / pseudocolloids suspended particles

Cases inorganic, organic ions,
complexes, molecules etc.

nanoparticles
polyhydroxo complexes
polysilicates
fulvic acids
fatty acids

metal hydroxides 
clay minerals
humic acids
proteins

inorganic mineral particles
organic particles
microorganisms

Determination of total activity concentration of radionuclides in acidified samples.

Dissolved radionuclides, determination of total in 0.45 µm  filtered 
sampled and acidified

Methods, 

Size 
fractionation 
techniques 

Diffusion
rate 
measurement

Ultrafiltration
ultracentrifug.
dialysis

Filtration
Sedimen-
tation

Charge 
fractionation 
techniques

Ion chromatography – undefined fractions 
Complexation – undefined fractions

LMM species

LMM ParticlesColloids



Size and charge distribution pattern

Diameter 1 nm

Total activity concentration

0.1 µm 1 µm10 nm

Species Low molecular 
mass species

ParticlesColloids

Mobile and 
bioavailable species

Inert 
species

LMM positively/ negatively 
charge or neutral species

Recommended
1. Fractionation according to size

i.e. particles and colloids
2. Fractionation according to charge

i.e. charged LMM species

To avoid analytical problems



DEPARTMENT OF PLANT- AND 
ENVIRONMENTAL SCIENCES

Lower pH

Pu(III)
Pu3+

Reducing Oxidizing
Lower pHHigher pH Higher pH

Precipitation

Pu(IV)
Pu4+

Pu(V)
PuO2

+
Pu(VI)
PuO2

2+

PuO2 xH2O

Redox-
reactions

Hydrolysis
Complexation

Sorption

Hydrolysis
Complexation

Sorption

Pu in the environment
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Size and charged
interfaced system

Filters

Cation
resins

 

cation 

peristaltic 
pump 

exchange 
resins  
(Amberlite) 

Charge 
fractionation 

Size fractionation 

waste 
ultrafiltrate 

peristaltic 
pump 

in situ 
sampling 

membrane filter 
0.45µm 

Hollow-fibre 
 10 kDa 

Hollow fibres



For identification of radionuclide species in the environment – during 
events - we need  in situ fractionation techniques  – avoid storage effects

Fractionation of radionuclides in rivers under high flow conditions

Fractionation in the field



Colloids in effluents from reprocessing plants
Transmission Electron microscopy (TEM) reflect the presence of colloids. 
Effluents contain: ions, colloids, particles, Pu associated with colloids

200nm

SEATANK

SIXEP

La Hague

Sellafield



Brit Salbu Cs-isotopes in marine waters

Large volumes
pumped into a 
filtration device
(1 or 0.5 µm)
and sorbents to 
retain Cs+ ions



Water: Fractionation of radionuclide species

Case: Effluents from 
Sellafield and La Hague:

Particles: Mn-26, Co-60
Colloids: 30 % Sb-125
LMM: Cs-134, Cs-137

Anoxic lake water: 
Fossile Lake Rørholtfjorden, Norway
Anoxic 15 m under 135 fresh water layer
Pu-isotopes: 50 % colloids in fresh water
Only LMM Pu species in anoxic water

Case:  U mining site in Kyrgyzstan



Ultrafiltre
ring

Pumping water into a N2 
tent

Hollow fiber fractionation
within the tent 

Precipitation of Fe and co-
precipitationon of 
radionuclides/trace elements on
contact with air

Sampling – anoxic systems
Case: anoxic deep layer (130.145 m) in Lake Rørholtfjorden



ISOTOPE LABORATORY 
DEPARTMENT PLANT AND 
ENVIRONMENTAL 
SCIENCES

Case: Pu species in Jenisey River – total and ultrafiltered water + AMS:  
Weapon grade Pu signal in the colloidal  all the way into Kara Sea
Total sample = fallout (Lind et al. 2006)

Pycnocline
28 psu

Surface
23,8 psu

Near bottom
0 psu

Surface
0,1 psu

Particulate (>0,45 um)

Colloidal (8kDa-0,45um)
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Size Yen

		BP01-08		BP01-08		BP01-08

		BP01-04		BP01-04		BP01-04

		BP01-19		BP01-19		BP01-19



Particulate (>0,45 um)

Colloidal (8 kDa - 0,45 um)

SD

12.3548413832

87.6451586168

7.7655114438

44.5375085667

55.4624914333

0.6324436843

19.2327695486

80.7672304514

4.0519479636



Size all st

		Yenisey Near bottom (Sal. = 0‰) St. 8		Yenisey Near bottom (Sal. = 0‰) St. 8		Yenisey Near bottom (Sal. = 0‰) St. 8

		Yenisey Surface (Sal. = 0.1‰) St. 4		Yenisey Surface (Sal. = 0.1‰) St. 4		Yenisey Surface (Sal. = 0.1‰) St. 4

		Yenisey Near bottom (Sal. = 22.4‰) St. 11		Yenisey Near bottom (Sal. = 22.4‰) St. 11		Yenisey Near bottom (Sal. = 22.4‰) St. 11

		Yenisey  Pycnocline (Sal. = 28‰) St. 19		Yenisey  Pycnocline (Sal. = 28‰) St. 19		Yenisey  Pycnocline (Sal. = 28‰) St. 19

		Kara Sea Surface (Sal. = 23.8‰) St. 41		Kara Sea Surface (Sal. = 23.8‰) St. 41		Kara Sea Surface (Sal. = 23.8‰) St. 41

		Kara Sea Pycnocline (Sal. = 24.3‰) St. 68		Kara Sea Pycnocline (Sal. = 24.3‰) St. 68		Kara Sea Pycnocline (Sal. = 24.3‰) St. 68

		Ob Surface (Sal. = 0‰) St. 72		Ob Surface (Sal. = 0‰) St. 72		Ob Surface (Sal. = 0‰) St. 72

		Ob Pycnocline (Sal. = 29.9‰) St. 70		Ob Pycnocline (Sal. = 29.9‰) St. 70		Ob Pycnocline (Sal. = 29.9‰) St. 70

		Ob Surface (Sal. = 9.9‰) St. 82		Ob Surface (Sal. = 9.9‰) St. 82		Ob Surface (Sal. = 9.9‰) St. 82
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Particulate (>0,45 um)

Colloidal (8 kDa - 0,45 um)

LMM (<8kDa)

12.3548413832

48.5517874632

39.0933711537

44.5375085667

35.1206263837

20.3418650496

9.3440550538

78.0774678876

12.5784770586

19.2327695486

25.299094646

55.4681358055

24.831705561

8.0127639636

67.1555304754

7.6032326102

52.6726043322

39.7241630576

53.1145723604

30.4932392788

16.3921883608

36.6803960068

33.4703530638

29.8492509294

6.2928620108

73.3195789611

20.3875590281



Ark1

		PrøveID		Etikett		Longitude [°E]		Latitude [°N]		Prøvetype		Vannkval		Vannkval		Dybde (m)		Salinity		Temperature (oC)		pH		Alkalinity (HCO3-)		Comment		Pu239+240 activity		SD		%SD		Particulate (>0,45 um)		SD		Dissolved (<0,45um)		SD		Colloidal (8kDa-0,45um)		SD		LMM (<8kDa)		SD

		Yenisey																										(mBq/m3)

		BP01-03		Yenisey Surface (Sal. = 4.4‰) St. 3		80.530		72.933		>0,45		Surface		Mixing zone		1		4.4		10.5		7.7		49.9		0 m		6.33		1.20		18.89		27.3		5.4		72.7		5.6

		BP01-03				0.000		0.000		<0,45																		16.84		0.78		4.65

		BP01-04		Yenisey Surface (Sal. = 0.1‰) St. 4		83.103		71.092		>0,45		1		Freshwater		0		0.1		13.8		7.9		64.4		0 m		5.20		0.53		10.19		44.5		0.6		55.5		0.6		35.1		4.1		20.3		2.4

		BP01-04				0.000		0.000		<0,45																		6.47		0.35		5.34												0.4

		BP01-04				0.000		0.000		<8kDa																		2.37		0.25		10.40

		BP01-08		Yenisey Surface (Sal. = 0‰) St. 8		83.065		70.068		>0,45		Surface		Freshwater		1		0.0		14.4		7.9		62.5		0 m		4.57		0.35		7.60		24.1		1.9		75.9		3.0

		BP01-08				0.000		0.000		<0,45																		14.45		0.41		2.84

		BP01-08		Yenisey Near bottom (Sal. = 0‰) St. 8		83.065		70.068		>0,45		Near bottom (27m)		Freshwater		27		0.0		14.3		7.6		63.3				1.23		0.08		6.16		12.4		1.1		87.6		7.8		48.6		6.8		39.1		3.1

		BP01-08				0.000		0.000		<0,45																		8.70		0.58		6.64

		BP01-08				0.000		0.000		<8kDa																		3.88		0.20		5.15

		BP01-08		Yenisey Surface (Sal. = 0‰) St. 8		83.065		70.068		Total		Surface		Freshwater		1		0.0		14.4		7.9		62.5		0 m		38.94		1.09		2.81

		BP01-11		Yenisey Surface (Sal. = 0‰) St. 11		81.697		72.093		>0,45		Surface		0.0		1		0.0		13.0		7.9		51.9		0 m		1.90		0.29		15.35		10.0		1.6		90.0		5.8												low yield-borderline

		BP01-11				0.000		0.000		<0,45																		17.02		0.79		4.63

		BP01-11		Yenisey Near bottom (Sal. = 22.4‰) St. 11		81.697		72.093		>0,45		Near bottom		Mixing zone		27		22.4		5.5		7.2		110.9				2.99		0.20		6.57		9.3		0.6		90.7		2.1		78.1		2.2		12.6		1.0

		BP01-11				0.000		0.000		<0,45																		29.02		0.48		1.66

		BP01-11				0.000		0.000		<8kDa																		4.03		0.32		7.83

		BP01-16		Yenisey Surface (Sal. = 0.1‰) St. 16		83.520		71.695		>0,45		Surface		Freshwater		1		0.1		13.1		7.8		62.1		0 m		23.72		3.29		13.87		76.2		13.3		23.8		2.6												Narrow through in the river at st 16!

		BP01-16				0.000		0.000		<0,45																		7.40		0.24		3.29

		BP01-19		Yenisey Surface (Sal. = 6.1‰) St.19		80.107		72.595		>0,45		Surface		Mixing zone		1		6.1		9.6		n.m.		56.0		0 m		3.52		0.48		13.57		17.8		2.5		82.2		3.4

		BP01-19				0.000		0.000		<0,45																		16.32		0.42		2.56

		BP01-19		Yenisey  Pycnocline (Sal. = 28‰) St. 19		80.107		72.595		>0,45		Pycnocline 5m		Mixing zone		5		28.0		0.5		7.7		127.7				2.85		0.13		4.42		19.2		1.1		80.8		4.1		25.3		3.8		55.5		2.8

		BP01-19-07				0.000		0.000		<0,45																		11.98		0.46		3.85

		BP01-19-08				0.000		0.000		<8kDa																		8.23		0.31		3.79

		Kara		Etikett		Longitude [°E]		Latitude [°N]		Prøvetype		Vannkval		Vannkval		Dybde (m)		Salinity		Temperature (oC)		pH		Alkalinity (HCO3-)		Comment		Pu239+240 activity		SD		%SD		Particulate (>0,45 um)		SD		Dissolved (<0,45um)		SD		Colloidal (8kDa-0,45um)		SD		LMM (<8kDa)		SD

		BP01-34		Kara Sea Near bottom (Sal. = 34.3‰) St. 34		89.336		77.905		>0,45		Near bottom		Seawater		90		34.3		-1.4		n.m.		n.m.				2.04		1.17		57.58		24.2		14.3		75.8		10.9												unreliable-low yield

		BP01-34				0.000		0.000		<0,45																		6.38		0.18		2.76

		BP01-41		Kara Sea Surface (Sal. = 23.8‰) St. 41		87.130		75.690		>0,45		Surface		Seawater		1		23.8		4.0		n.m.		n.m.				2.55		1.15		45.10		24.8		11.6		75.2		9.1		8.0		4.0		67.2		8.2				unreliable-low yield

		BP01-41				0.000		0.000		<0,45																		7.72		0.29		3.69

		BP01-41				0.000		0.000		<8kDa																		6.90		0.28		4.03

		BP01-46-05		Kara Sea Surface (Sal. = 26.4‰) St. 46		75.956		77.924		<0,45																		2.94		0.06		5.23		11.6		1.8		88.4		6.3

		BP01-46-08				75.956		77.924		>0,45		Surface		Seawater		1		26.4		4.2		7.9		118.6		0 m		0.39		0.15		14.67

		BP01-65		Kara Sea Pycnocline (Sal. = 32.8‰) St. 65		75.847		75.716		>0,45		Pycnocline 15		Mixing zone		15		28.0		4.2		7.9		125.1		8 m		0.48		0.12		25.45		16.7		4.6		83.3		13.1

		BP01-65				0.000		0.000		<0,45																0.00		2.41		0.28		11.67

		BP01-65				0.000		0.000		<8kDa																0.00		3.85		0.27		7.11																				Higher than dissolved!

		BP01-67		Kara Sea Surface (Sal. = 11.3‰) St. 67		73.763		75.244		>0,45		Surface		Mixing zone		1		11.3		7.4		7.9		86.9		0 m		5.84		1.63		27.86

		BP01-67				0.000		0.000		<0,45																0.00		n.m.		0.00		0.00

		BP01-68		Kara Sea Pycnocline (Sal. = 24.3‰) St. 68		72.250		74.584		>0,45		Pycnocline 7m		Mixing zone		7		24.3		5.8		7.6		110.6		6 m		0.63		0.25		39.11		7.6		3.0		92.4		5.8		52.7		5.8		39.7		4.1

		BP01-68				0.000		0.000		<0,45																0.00		7.67		0.31		4.03

		BP01-68				0.000		0.000		<8kDa																0.00		3.30		0.30		9.22

		Ob		Etikett		Longitude [°E]		Latitude [°N]		Prøvetype		Vannkval		Vannkval		Dybde (m)		Salinity		Temperature (oC)		pH		Alkalinity (HCO3-)		Comment		Pu239+240 activity		SD		%SD		Particulate (>0,45 um)		SD		Dissolved (<0,45um)		SD		Colloidal (8kDa-0,45um)		SD		LMM (<8kDa)		SD

		BP01-70		Ob  Surface (Sal. = 0.9‰) St. 70		74.004		72.669		>0,45		Surface		Freshwater/Mixing zone		1		0.9		9.2		7.5		42.3		0 m		9.07		0.41		4.52		44.9		2.4		55.1		2.7

		BP01-70				0.000		0.000		<0,45																		11.11		0.44		3.94

		BP01-70		Ob Pycnocline (Sal. = 29.9‰) St. 70		74.004		72.669		>0,45		Pycnocline 8 m		Mixing zone		7		29.9		6.2		7.4		130.0		7 m		6.29		0.29		4.56		36.7		3.2		63.3		8.6		33.5		7.8		29.8		2.8

		BP01-70				0.000		0.000		<0,45																		10.86		1.23		11.37

		BP01-70				0.000		0.000		<8kDa																		5.12		0.29		5.66

		BP01-72		Ob Surface (Sal. = 0‰) St. 72		73.739		70.831		>0,45		Surface		Freshwater		1		0.0		11.5		7.4		39.3		0 m		2.91		0.21		7.29		53.1		5.0		46.9		5.3		30.5		5.4		16.4		2.6

		BP01-72				0.000		0.000		<0,45																		2.56		0.24		9.54

		BP01-72				0.000		0.000		<8kDa																		0.90		0.13		14.52

		BP01-73-02		Ob Near bottom (Sal. = 0‰) St. 73		73.667		68.915		>0,45		Near bottom		Freshwater		10		0.0		12.5		7.6		53.8		9 m		n.m.		n.m.		0.00

		BP01-73-03				0.000		0.000		<0,45																		4.43		0.18		4.08

		BP01-73-07				0.000		0.000		<8kDa																		3.38		0.13		3.92

		BP01-82-02		Ob Surface (Sal. = 9.9‰) St. 82		73.028		73.197		Total		Surface		Mixing zone		1		9.9		6.7		7.7		77.4		0 m		22.68		0.68		3.01

		BP01-82-14		Ob Surface (Sal. = 9.9‰) St. 82		73.028		73.197		>0,45		Surface		Mixing zone		1		9.9		6.7		7.7		77.4		0 m		2.60		0.15		5.79		39.6		2.7		60.4		3.2

		BP01-82-03				0.000		0.000		<0,45																		3.97		0.16		4.07

		BP01-82-13				0.000		0.000		<8kDa																		8.71		0.43		4.97																				Higher than dissolved!

		BP01-82-10		Ob Near bottom (Sal. = 32.9‰) St. 82		73.028		73.197		>0,45		Near bottom		Mixing zone		22		32.9		-1.3		7.5		139.5		20 m		2.73		0.14		4.98		6.3		0.3		93.7		2.9		73.3		2.7		20.4		0.9

		BP01-82-04				0.000		0.000		<0,45																		40.61		0.91		2.24

		BP01-82-05				0.000		0.000		<8kDa																		8.84		0.35		4.00





Part+diss

		Yenisey Surface (Sal. = 0‰) St. 8		Yenisey Surface (Sal. = 0‰) St. 8

		Yenisey Surface (Sal. = 0.1‰) St. 4		Yenisey Surface (Sal. = 0.1‰) St. 4

		Yenisey Surface (Sal. = 0.1‰) St. 16		Yenisey Surface (Sal. = 0.1‰) St. 16

		Yenisey Surface (Sal. = 0‰) St. 11		Yenisey Surface (Sal. = 0‰) St. 11

		Yenisey Near bottom (Sal. = 22.4‰) St. 11		Yenisey Near bottom (Sal. = 22.4‰) St. 11

		Yenisey Surface (Sal. = 6.1‰) St.19		Yenisey Surface (Sal. = 6.1‰) St.19

		Yenisey Surface (Sal. = 4.4‰) St. 3		Yenisey Surface (Sal. = 4.4‰) St. 3

		Yenisey Near bottom (Sal. = 0‰) St. 8		Yenisey Near bottom (Sal. = 0‰) St. 8

		Yenisey  Pycnocline (Sal. = 28‰) St. 19		Yenisey  Pycnocline (Sal. = 28‰) St. 19

		Ob Surface (Sal. = 0‰) St. 72		Ob Surface (Sal. = 0‰) St. 72

		Ob  Surface (Sal. = 0.9‰) St. 70		Ob  Surface (Sal. = 0.9‰) St. 70

		Ob Surface (Sal. = 9.9‰) St. 82		Ob Surface (Sal. = 9.9‰) St. 82

		Ob Pycnocline (Sal. = 29.9‰) St. 70		Ob Pycnocline (Sal. = 29.9‰) St. 70

		Ob Near bottom (Sal. = 32.9‰) St. 82		Ob Near bottom (Sal. = 32.9‰) St. 82



Particulate (>0,45 um)

Dissolved (<0,45um)

24.0518572221

75.9481427779

44.5375085667

55.4624914333

76.2180286586

23.7819713414

10.0294778115

89.9705221885

9.3440550538

90.6559449462

17.7539610451

82.2460389549

27.3088146938

72.6911853062

12.3548413832

87.6451586168

19.2327695486

80.7672304514

53.1145723604

46.8854276396

44.9444588863

55.0555411137

39.5923480288

60.4076519712

36.6803960068

63.3196039932

6.2928620108

93.7071379892



Part+diss surf

		Yenisey Surface (Sal. = 0‰) St. 8		Yenisey Surface (Sal. = 0‰) St. 8

		Yenisey Surface (Sal. = 0.1‰) St. 4		Yenisey Surface (Sal. = 0.1‰) St. 4

		Yenisey Surface (Sal. = 0.1‰) St. 16		Yenisey Surface (Sal. = 0.1‰) St. 16

		Yenisey Surface (Sal. = 0‰) St. 11		Yenisey Surface (Sal. = 0‰) St. 11

		Yenisey Surface (Sal. = 6.1‰) St.19		Yenisey Surface (Sal. = 6.1‰) St.19

		Yenisey Surface (Sal. = 4.4‰) St. 3		Yenisey Surface (Sal. = 4.4‰) St. 3

		Kara Sea Surface (Sal. = 23.8‰) St. 41		Kara Sea Surface (Sal. = 23.8‰) St. 41

		Kara Sea Surface (Sal. = 26.4‰) St. 46		Kara Sea Surface (Sal. = 26.4‰) St. 46

		Ob Surface (Sal. = 0‰) St. 72		Ob Surface (Sal. = 0‰) St. 72

		Ob  Surface (Sal. = 0.9‰) St. 70		Ob  Surface (Sal. = 0.9‰) St. 70

		Ob Surface (Sal. = 9.9‰) St. 82		Ob Surface (Sal. = 9.9‰) St. 82



Particulate (>0,45 um)

Dissolved (<0,45um)

24.0518572221

75.9481427779

44.5375085667

55.4624914333

76.2180286586

23.7819713414

10.0294778115

89.9705221885

17.7539610451

82.2460389549

27.3088146938

72.6911853062

24.831705561

75.168294439

11.61640183

88.38359817

53.1145723604

46.8854276396

44.9444588863

55.0555411137

39.5923480288

60.4076519712



Part+diss deeper

		Yenisey Near bottom (Sal. = 0‰) St. 8		Yenisey Near bottom (Sal. = 0‰) St. 8

		Yenisey Near bottom (Sal. = 22.4‰) St. 11		Yenisey Near bottom (Sal. = 22.4‰) St. 11

		Yenisey  Pycnocline (Sal. = 28‰) St. 19		Yenisey  Pycnocline (Sal. = 28‰) St. 19

		Kara Sea Pycnocline (Sal. = 32.8‰) St. 65		Kara Sea Pycnocline (Sal. = 32.8‰) St. 65

		Kara Sea Pycnocline (Sal. = 24.3‰) St. 68		Kara Sea Pycnocline (Sal. = 24.3‰) St. 68

		Ob Pycnocline (Sal. = 29.9‰) St. 70		Ob Pycnocline (Sal. = 29.9‰) St. 70

		Ob Near bottom (Sal. = 32.9‰) St. 82		Ob Near bottom (Sal. = 32.9‰) St. 82



Particulate (>0,45 um)

Dissolved (<0,45um)

12.3548413832

87.6451586168

9.3440550538

90.6559449462

19.2327695486

80.7672304514

16.6730725679

83.3269274321

7.6032326102

92.3967673898

36.6803960068

63.3196039932

6.2928620108

93.7071379892



Pie19

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



BP01-19

19.2327695486

80.7672304514

4.0519479636



Pie08bunn

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Yenisey Near bottom (Sal. = 0‰) St. 8

12.3548413832

87.6451586168

7.7655114438



Pie4surf

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Yenisey Surface (Sal. = 0.1‰) St. 4

44.5375085667

55.4624914333

0.6324436843



Pie68pycn

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Kara Sea Pycnocline (Sal. = 24.3‰) St. 68

7.6032326102

92.3967673898

5.7618914319



Pie82bunn

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Ob Near bottom (Sal. = 32.9‰) St. 82

6.2928620108

93.7071379892

2.8948267419



Pie72surf

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Ob Surface (Sal. = 0‰) St. 72

53.1145723604

46.8854276396

5.264793405



Pie70pycn

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Ob Pycnocline (Sal. = 29.9‰) St. 70

36.6803960068

63.3196039932

8.5867169121



Pie41surf

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		SD



Kara Sea Surface (Sal. = 23.8‰) St. 41

24.831705561

75.168294439

9.1053683427



Pie11bunn

		Particulate (>0,45 um)

		Dissolved (<0,45um)

		LMM (<8kDa)



Yenisey near bottom

9

9.3440550538

78.0774678876

12.5784770586



Diss vs sal Yen

		0

		0

		0

		0.1

		0.1

		4.4

		6.1

		22.4

		23.8

		28



Dissolved Pu vs salinity

14.4451714222

8.6995234843

17.0189936746

6.4719350118

7.4019444983

16.8395525517

16.3224945441

29.0185254434

7.7240609541

11.9816720854



Diss vs sal Ob

		0

		0

		0.9

		9.9

		11.3

		24.3



TSMDOC!#REF!

Dissolved Pu vs. salinity

2.5644139058

4.4271732227

11.1059297765

3.9685803823

0

7.6674379606



Yen sal mot fraksjon

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0.1		0.1		0.1		0.1		0.1

		0.1		0.1		0.1		0.1		0.1

		4.4		4.4		4.4		4.4		4.4

		6.1		6.1		6.1		6.1		6.1

		22.4		22.4		22.4		22.4		22.4

		23.8		23.8		23.8		23.8		23.8

		28		28		28		28		28

		2.0377472912		6.3808500372						34.3



Particulate

Dissolved

Colloidal

LMM

Total calculated

4.5746108843

14.4451714222

19.0197823065

1.2263225311

8.6995234843

4.8191756613

3.880347823

9.9258460155

1.8971949399

17.0189936746

18.9161886145

5.1970954348

6.4719350118

4.0982365858

2.3736984261

11.6690304466

23.722239414

7.4019444983

31.1241839123

6.3263271637

16.8395525517

23.1658797154

3.5234393775

16.3224945441

19.8459339216

2.99098641

29.0185254434

24.9922163384

4.0263091051

32.0095118534

2.5516290981

7.7240609541

0.8233667895

6.9006941646

10.2756900522

2.8531464647

11.9816720854

3.7530747855

8.2285972999

14.8348185501

8.4185973285



sal vs fractYen

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0.1		0.1		0.1		0.1

		0.1		0.1		0.1		0.1

		4.4		4.4		4.4		4.4

		6.1		6.1		6.1		6.1

		22.4		22.4		22.4		22.4

		23.8		23.8		23.8		23.8

		28		28		28		28

		34.3		34.3		34.3		34.3



%particulate

%colloidal

%LMM

%Dissolved

24.0518572221

75.9481427779

12.3548413832

48.5517874632

39.0933711537

87.6451586168

10.0294778115

89.9705221885

44.5375085667

35.1206263837

20.3418650496

55.4624914333

76.2180286586

23.7819713414

27.3088146938

72.6911853062

17.7539610451

82.2460389549

9.3440550538

78.0774678876

12.5784770586

90.6559449462

24.831705561

8.0127639636

67.1555304754

75.168294439

19.2327695486

25.299094646

55.4681358055

80.7672304514

24.205306558

75.794693442



sal vs fractOb

		0		0		0		0

		0		0		0		0

		0.9		0.9		0.9		0.9

		9.9		9.9		9.9		9.9

		11.3		11.3		11.3		11.3

		24.3		24.3		24.3		24.3

		26.4		26.4		26.4		26.4

		28		28		28		28

		29.9		29.9		29.9		29.9

		32.9		32.9		32.9		32.9



%particulate

%colloidal

%LMM

%Dissolved

53.1145723604

30.4932392788

16.3921883608

46.8854276396

44.9444588863

55.0555411137

39.5923480288

60.4076519712

7.6032326102

52.6726043322

39.7241630576

92.3967673898

11.61640183

88.38359817

16.6730725679

83.3269274321

36.6803960068

33.4703530638

29.8492509294

63.3196039932

6.2928620108

73.3195789611

20.3875590281

93.7071379892



act vs sal yen

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0.1		0.1		0.1		0.1		0.1

		0.1		0.1		0.1		0.1		0.1

		4.4		4.4		4.4		4.4		4.4

		6.1		6.1		6.1		6.1		6.1

		22.4		22.4		22.4		22.4		22.4

		23.8		23.8		23.8		23.8		23.8

		28		28		28		28		28

		34.3		34.3		34.3		34.3		34.3



Total calculated

Particulate

Colloidal

LMM

Dissolved

19.0197823065

4.5746108843

14.4451714222

9.9258460155

1.2263225311

4.8191756613

3.880347823

8.6995234843

18.9161886145

1.8971949399

17.0189936746

11.6690304466

5.1970954348

4.0982365858

2.3736984261

6.4719350118

31.1241839123

23.722239414

7.4019444983

23.1658797154

6.3263271637

16.8395525517

19.8459339216

3.5234393775

16.3224945441

32.0095118534

2.99098641

24.9922163384

4.0263091051

29.0185254434

10.2756900522

2.5516290981

0.8233667895

6.9006941646

7.7240609541

14.8348185501

2.8531464647

3.7530747855

8.2285972999

11.9816720854

8.4185973285

2.0377472912

6.3808500372



SalLMMRatio Ob

		0		0

		0		0

		24.3		24.3

		29.9		29.9

		32.9		32.9



&A

Page &P

LMM

240Pu/239Pu

Salinity

LMM mBqm-3 239+240Pu

240Pu/239Pu atom ratio

Ob

0.8965761409

0.0272131683

3.3765464958

0.0694284979

3.2964633329

0.1427317347

5.1191936997

0.0560695404

8.836135865

0.0769534838



SalDissRatio

		0		0

		0		0

		0.9		0.9

		9.9		9.9

		24.3		24.3

		26.4		26.4

		28		28

		29.9		29.9

		32.9		32.9



&A

Page &P

Dissolved

240Pu/239Pu

Salinity

<0,45 um mBqm-3 239+240Pu

240Pu/239Pu atom ratio

Ob

2.5644139058

0.0272131683

4.4271732227

0.0694284979

11.1059297765

3.9685803823

0.0297373253

7.6674379606

0.1427317347

2.9441781801

2.4082278574

0.1318159071

10.8594121373

0.0560695404

40.6134447806

0.0769534838



Obsurf TSMvsDOC

		12.961

		11.792

		5.648

		2.489

		1.623



DOC

TSM

DOC

Ob Surface
TSM vs DOC

913

685

535

370

236



ObBottTSMvsDOC

		12.491

		9.319



DOC

TSM

DOC

Ob Surface
TSM vs DOC

143

120



ColloidvsTSM Yen

		1.6		NaN		NaN

		3.545		6.7842840275		6.7842840275

		2.92		NaN		NaN

		2.975		4.1077381415		4.1077381415

		3.686		NaN		NaN

		2.888		NaN		NaN

		3.912		NaN		NaN

		2.298		2.1978256574		2.1978256574

		10.43		3.8398784153		3.8398784153



%colloidal

TSM (mg/l)

% Pu associated with colloids

48.5517874632

35.1206263837

78.0774678876

25.299094646



ObTSMvsDiss

		12.961

		11.792

		5.648

		1.623



%Dissolved

TSM (mg/l)

% Pu associated with the dissolved fraction

46.8854276396

55.0555411137

60.4076519712

88.38359817



TSMDOC

		PrøveID		Salinity		Depth		Total calculated		Particulate		%particulate		Colloidal		%colloidal		colloidal		LMM		%LMM		240Pu/239Pu		Temperature (oC)		pH		Alkalinity (HCO3-)		Salinity		Dissolved		%Dissolved		240Pu/239Pu		TSM		DOC		PrøveID

																		sd						LMM														<0,45

		BP01-08		0.0		Surf		19.0		4.6		24.1														14.4		7.86		62.53		0.0		14.4		75.95		0.1		1.6		681		BP01-08

		BP01-08		0.0		bottom		9.9		1.2		12.4		4.82		48.55		6.78		3.88		39.09		0.12		14.3		7.64		63.29		0.0		8.7		87.65		0.1		3.5		461		BP01-08

		BP01-11		0.0		Surf		18.9		1.9		10.0														13		7.87		51.9		0.0		17.0		89.97		0.1		2.9				BP01-11

		BP01-04		0.1		Surf		11.7		5.2		44.5		4.10		35.12		4.11		2.37		20.34		0.09		13.8		7.86		64.43		0.1		6.5		55.46		0.2		3.0				BP01-04

		BP01-16		0.1		Surf		31.1		23.7		76.2														13.1		7.81		62.1		0.1		7.4		23.78		0.1		3.7				BP01-16

		BP01-03		4.4		Surf		23.2		6.3		27.3														10.5		7.69		49.94		4.4		16.8		72.69		0.2		2.9				BP01-03

		BP01-19		6.1		Surf		19.8		3.5		17.8														9.6		n.m.		56		6.1		16.3		82.25		0.1		3.9				BP01-19

		BP01-11		22.4		pykn		32.0		3.0		9.3		24.99		78.08		2.20		4.03		12.58		0.13		5.5		7.16		110.9		22.4		29.02		90.66		0.03		2.3				BP01-11

		BP01-41		23.8		Surf		10.3		2.6		24.8		0.82		8.01				6.90		67.16		0.07		4		n.m.		n.m.		23.8		7.72		75.17		0.10		1.2		188		BP01-41

		BP01-19		28.0		pykn		14.8		2.9		19.2		3.75		25.30		3.8		8.23		55.47		0.11		0.5		7.66		127.7		28.0		12.0		80.77		0.1		10.4				BP01-19

		BP01-34		34.3		bottom		8.4		2.0		24.2														-1.4		n.m.		n.m.		34.3		6.38		75.79		0.16		1.3		77		BP01-34

		BP01-72		0.0		Surf		5.5		2.9		53.1		1.67		30.49				0.90		16.39		0.03		11.5		7.42		39.3		0.0		2.56		46.89		0.12		13.0		913		BP01-72

		BP01-73-02		0.0		bottom								1.05						3.38				0.07		12.5		7.64		53.8		0.0		4.43				0.11						BP01-73-02

		BP01-70		0.9		Surf		20.2		9.1		44.9														9.2		7.46		42.3		0.9		11.11		55.06		0.05		11.8		685		BP01-70

		BP01-82-14		9.9		0 m		6.6		2.6		39.6								8.71				0.03		6.7		7.7		77.4		9.9		3.97		60.41		0.10		5.6		535		BP01-82-14

		BP01-67		11.30		Surf		n.m.		5.8																				7.92		11.30		n.m.				n.m.		2.5		370		BP01-67

		BP01-68		24.3		pykn		8.3		0.6		7.6		4.37		52.67				3.30		39.72		0.14		5.8		7.64		110.6		24.3		7.67		92.40		0.07						BP01-68

		BP01-46-08		26.4		Surf		3.3		0.4		11.6														4.2		7.9		118.6		26.4		2.94		88.38		0.10		1.6		236		BP01-46-08

		BP01-65		28.0		pykn		2.9		0.5		16.7								3.85				0.13		4.2		7.87		125.1		28.0		2.41		83.33		0.23		2.8				BP01-65

		BP01-70		29.9		pykn		17.2		6.3		36.7		5.74		33.47				5.12		29.85		0.06		6.2		7.41		130.01		29.9		10.86		63.32		0.12		12.5		143		BP01-70

		BP01-82-10		32.9		bottom		43.3		2.7		6.3		31.78		73.32				8.84		20.39		0.08		-1.3		7.49		139.54		32.9		40.61		93.71		0.02		9.3		120		BP01-82-10

																																										snitt-tall
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Transfer – traditions from the 1960ies

1. Total activity concentration in soils or sediments Bq/kg (dry weight or even wet 
weight??). No speciation, nor particle identification (acid rain and toxic Al)
2. Total activity in water Bq/L, without excluding particles, i.e. 0.45 micrometer filters 
used for dissolved trace elements
3. Kd – transfer soil to water: Total activity concentration in soils or sediments/ Total 
activity in water Bq/L, assumed that soil/water distribution coefficient is constant
4. TF – transfer from soil to plant: Total activity concentration plant/total activity 
concentration soil – assumed to be constant
5. Transfer from plant to animal. Total activity concentration in produce/total 
concentration fed/day x days

NB: Total activity concentrations applied (no speciation) and equilibrium 
conditions assumed (no dynamics) 



METHODS - DESTRUCTIVE TECHNIQUES

TOTAL CONCENTRATION by radiometric methods and mass 
spectrometry (ICP-MS, AMS, SIMS etc)

– Full dissolution/acid leaching
– Radiochemical separations 

LEACHING EXPERIMENTS to estimate potential mobility and 
bioavailability

– Sequential extractions, increasing displacement/dissolution 
power

– Solubility in biologically relevant fluids (e.g. stomach juice)
SOURCE IDENTIFICATION by radiometric methods and mass 

spectrometry
– Determination of isotopic ratios which can be used as 

fingerprints for different sources (U, Pu)



Principal component analysis (RDA) of soil components, 
where the 3 first components could explain 80 % of the 
variance.

Brit Salbu
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Autoradiography of contaminated soil

Chernobyl soil (Western trace)



Isolation of radioactive 137Cs  particles from soils 
Sample splitting combined with γ-spectrometry

Bulk (minus particle): ~100 g
~40 counts per second 

(NaI detector)

Isolated grains of soil incl. particle: mg
~60 000 cps -99,95%

436 000 Bq 137Cs
Sample 
splitting



Brit Salbu, UMB, Bergen June 2008

Radioactive particles released during ”all” types of severe nuclear events. 
The source determines the composition, the release scenarios dictate 
particle properties
Nuclear test
Semipalatinsk

Thule   

XRMA

Sellafield

Aggregate from the 
Chernobyl explosion

Corrosion product
Waste in Kara Sea Krasnoyarsk U particle

Dounrey

Kuwait

Particle deposition:

•Hot spots – problems with representative sampling
•Partial leaching – analytical errors - transuranics
•May underestimate the inventories

Adds significantly to the overall uncertainties



Advanced techniques available for particle characterization –
state-of-the-art

• Hot spots/heterogeneities:  digital autoradiography and sample splitting -
gamma measurements 

• Particle size, surface structure and elemental composition: ESEM with 
XRMA, TEM with XRMA

• Subsurface/volume elemental composition: SR-based 2D  μ-XRF
(fluorescens)

• Oxidation state determination: SR-based 2D µ-XANES (micro X-ray 
absorption near edge structure spectrometry

• Crystallographic structure: SR-based µ-XRD (micro X-ray diffraction)
• 3D elemental distribution: Confocal μ-XRF, TOF-SIMS 
• 3D structure distribution: Tomographic μ-XRD 

• Source identification:  Isotope or atom ratios by MS techniques (ICP-MS, 
AMS) 

• Weathering and mobilisation potential: Leaching experiments 



Sorption mechanisms – important for mobility

Physical sorption

Electrochemical
sorption 

Chemisorption

Strategy: sequential extractions
Increased dissolution power of agent

Consecutive layers
reversible

Monolayer
reversible

Monolayer
irreversible

Inert
electrolyte

Ionexchange
pH

red/ox



RADIOACTIVE PARTICLES point sources of potential short- and 
long-term radioecological and analytical impact

 Transformation prosesses f(t)
• Weathering rates and remobilisation
• Underestimation of transfer factors for ecosystems and environmental 

effects in particle contaminated areas (change in speciation, Kd and CF)



Kd for Pu species as f(t) in a soil-water systems

Skipperud, L., Oughton, D. H. and Salbu, B., (2000) Science of the Total Environment
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Pu-species T1/2 (d)

Associated

T1/2 (d)

Fixation
PuIII,IV 0.4 ± 1 % 34 ± 7 %
PuV,VI 0.8 ± 10 % 40 ± 5 %
PuIII,IV-organic 0.8 ± 1 % 39 ± 6 %

Speciation:
Kd f(t) varies
1-2 orders of magnitude



Case:  Uptake in aquatic organisms – different life  history stages 
of Atlantic salmon (Salmo salar)

Juvenile
Freshwater stage

Ocean

Freshwater streams

Sensitive life history stages: uptake, distribution, accumulation, depuration
Single and multiple stressors: additive, synergistic and antagonistic effects
Uptake mechanisms:  gill deposition – transfer to blood



43Photos: B.O.Rosseland

Experimental set up



Aluminium 
in water and 

influence 
towards fish

Accumulation and uptake of
FeII and FeIII

59FeII

59FeIII
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•Higher accumulation 
of FeIII on gills than 
for FeII ions, while 
FeII ions are 
transported more 
rapid from water into 
blood than FeIII ions. 



Uptake of 59Fe(II) and 55Fe(III) in salmon eggs (30 min – 9 
days after fertilization)
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Source: spent U fuel particles
Impact:  Retention of µm-nm particles Dounrey particles given to 

Blue Mussels as food, retained
in the gut and deposited in 
tissues

Severe skin dose 
about 30 mGy/hr, 
unevenly distributed
Microdosimetry
challenge

Radioactive particles retained in 
grazing goats,
Incorporated in GI tissues

60Co NPs  uptake in 
reproductive organs of 
earthwurms
Coutris et al, 2012

1 mm

I

D

V B

AutoradiographyTOF-SIMS



Sb(III) and Sb(V) –difference in uptake and effect
(Heier et al, 2012)

• Salmon exposed to Sb(III) and Sb(V) (72 hours)

Brit Salbu
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Why speciation?

Radionuclide speciation is essential for:

• source term estimates

• mobility and bioavailability

• ecosystem transfer processes

• impact and risk assessments

• remedial actions

• improvement of process-oriented models

Brit Salbu



Impact of mobile species and inert particles on ecosystem
transfer and dynamics

Source term Transport
processes

Biological
uptake

Dose-assessment

Impact of Speciation Kd CF mSV
Mobile 
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Low
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Source term         Transport              Biol. uptake      Biol. effects

Bq Kd BCF, TF, TC mSv/y, mGy/y

Speciation Time functions Time functions Endpoints

Countermeasures

Short and long term dose, impact and risk assessments

Predicting power of models depends on the uncertainties:
Source term - ecosystem transport – uptake - effects 

Focus: Factors contributing to uncertainties in the:
Source term/deposition, Ecosystem transfer, and effect estimates

Reducing the overall uncertainties:
• Source characteristics - Implementing particle 

distributions, speciation
• Implementing interactions/processes and kinetics
• Implementing proper endpoint determination
• Implement at site factual information/field experiments



Conclusion

• Radionuclides can be present in different physico-chemical forms 
influencing ecosystem transfer, biological uptake and effects

• Transfer (Kd and TF or BCF) depends on speciation, ecosystem and 
biological species, and will apply to a time function f(t)

• Radionuclide species depend on sources and release conditions and 
transformation processes occurring in the environment 

• Hazards can be underestimated if radionuclide speciation – presence of 
particles – is ignored

• Advances speciation/fractionation techniques are needed to distinguish 
between radionuclides species.



Questions???
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