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• Discovered by Bunsen and Kirchhoff in 1860.

• Atomic mass: 132.90546 amu

• Only one stable isotope: 133Cs

• More than 30 radioisotopes known.
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Cesium



• Typically only found in low concentrations.

– Average concentration in earth crust: 2-3 ppm.

• Stable cesium is also present in natural waters. 

– Average concentration in seawater is 0.3 ppb.
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Cesium



• Minerals containing larger amounts of cesium:

– Pollucite

– Londonite

– Rhodizite
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Cesium



Radioisotopes of Interest

Isotope Half-life Decay Mode Source

Cs-134 2.0652 y β-/EC Activation product

Cs-135 2.3 x 106 y β- Fission product

Cs-137 30.08 y β- Fission product
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• Electron configuration: [Xe] 6s1

• Oxidation state: +1
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Cesium Chemistry



Alkali Metal Series

Element
Boiling
Point
(°C)

Ionic
Radius

(pm)

Atomic
Radius

(pm)

Electro-
negativity
(Pauling)

Lithium 1342 76 130 0.98

Sodium 883 102 160 0.93

Potassium 759 138 200 0.82

Rubidium 688 158 215 0.82

Cesium 671 1.67 238 0.79
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Source: Haynes, W.M. Ed., CRC Handbook of Chemistry & Physics, 91nd Edition, CRC Press (2010)



• Due to its electropositivity, cesium mostly form 
ionic bonds.

– Similar to other alkali metals.

• Common cesium compounds include the halides, 
some selenides and tellurides, sulfides, and 
oxides. 

• Most cesium salts are soluble in water and many 
other solvents. 
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Cesium Chemistry



• Insoluble Cs salts include:

– Cesium tetraphenylborate (CsB(C6H5)4)

– Cesium hexachloroplatinate (Cs2PtCl6)

– Cesium hexafluorosilicate (Cs2SiF6)

– Cesium hydrogen tartrate (CsHC4H5O6)

– Cesium picrate (CsC6H2N3O7 )

– Cesium perchlorate (CsCIO4)

– Cesium periodate ( CsIO4)

– Dicesium sodium hexanitritocobaltate(III) 
(Cs2NaCo(NO2)6) 
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Cesium Chemistry



• The cesium cations is solvated and very stable in 
water.

• Species in solution: Cs(H2O)8
+

• Displacement of the water molecules by other 
ligands occurs only with great difficulty. 

• Cs+ therefore forms very few other stable 
complexes.

• Any complexes formed are very weak. 
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Aqueous Chemistry



E-pH diagram for Cs species. 

Soluble species concentrations 
(except H+ ) = 10-1 M. 

Soluble species and most solids are 
hydrated. 

No agents producing complexes or 
insoluble compounds are present 
other than H2O and OH-.
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Aqueous Chemistry

Source: Schweitzer, G.K., Pesterfield L.L., The aqueous chemistry of the elements, Oxford University Press (2010)



• Cesium does not form very many complexes with 
organic molecules.

• This is important for the transport/retention in 
aqueous media. 

• It also means that it is difficult to separate cesium 
using solvent extraction techniques.

– Exception: 
calix[4]arene‐bis‐(tert‐octylbenzo‐crown‐6) 
(BOBCalixC6)
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Aqueous Chemistry
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Aqueous Chemistry

Source: Moyer, B.A. et al. in Macrocyclic Chemistry - Current Trends and Future Perspectives, Springer (2005)



• Cesium radionuclides interact with soil by 
reversible ion exchange, 

• However, fixation can also occur.

• Bioavailability of Cs is strongly influenced by:

– Potassium content

– pH

– Clay content

– Presence of organic matter
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Cesium Chemistry in Soil



• The content of clay mineral is important because 
cesium has an affinity for the interlayer space of 
these aluminosilicates.

• Several models have related soil clay content with 
cesium bioavailability.

• Bioavailability of cesium in soil reduces with time 
due to the processes of fixation by clay minerals 
and leaching from the root zone.
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Cesium Chemistry in Soil
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Cesium Chemistry in Soil

Source: Lima, E. Cesium in Radionuclides in the Environment, Atwood, D. (Editor), Wiley (2010)



• The amount of organic matter present also 
influences the fixation of cesium in soil. 

• Cesium can be retained by organic molecules of 
low and medium molecular weight.

• The interaction with humic acids is particularly 
important.

• These are organic acids with many carboxylic and 
hydroxyl groups attached to aromatic rings.
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Cesium Chemistry in Soil



• In the case of a reactor accident, volatile cesium 
will be released from the overheated reactor core.

• It will be released as CsOH and CsI.

– 90 % CsOH : 10% CsI

– Small amounts of elemental Cs could be stable at 
high T and high hydrogen concentrations.

• Volatile CsOH and CsI will deposit on suspended 
aerosols and on structural reactor elements.
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Reactor Release of Cs



• CsOH is the primary species transported through 
the reactor systems.

• Decreasing gas temperature will result in 
deposition of CsOH onto the surface of aerosols.

• Deposition processes depend on the nature of the 
aerosol:

– Condensation

– Physisorption

– Chemisorption
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Reactor Release of Cs



Boiling Point

Element Species
Melting

Point
(°C)

Boiling
Point
(°C)

Iodine I2 114 184

Tellurium
Te

TeO2

450
733

988
1245

Cesium
CsOH

CsI
343
632

990
1280

Strontium SrO 2531 3249

Uranium UO2 2847 3293
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Source: Need, K.H., The Radiochemistry of Nuclear Power Plants with Light Water Reactors, de Gruyter (1997)



• The cesium released is typically not associated 
with large particles.

• It breaks away from larger fragments of fuel 
during the evaporation.

• Particle size is typically described by the activity 
median aerodynamic diameters (AMAD).

– The AMAD of airborne aerosols lies within a five-
order range from 0.001 to 100 mm.
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Cesium & Aerosols
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Cesium Aerosols - Fukushima

Source: Mala, H. et al. Particle size distribution of radioactive aerosols after the Fukushima and the Chernobyl accidents 
Journal of Environmental Radioactivity 2013, 126 92-98
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Cesium Aerosols - Fukushima

Source: Mala, H. et al. Particle size distribution of radioactive aerosols after the Fukushima and the Chernobyl accidents 
Journal of Environmental Radioactivity 2013, 126 92-98
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Cesium Aerosols - Chernobyl

Source: Mala, H. et al. Particle size distribution of radioactive aerosols after the Fukushima and the Chernobyl accidents 
Journal of Environmental Radioactivity 2013, 126 92-98
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Cesium Aerosols - Chernobyl

Source: Mala, H. et al. Particle size distribution of radioactive aerosols after the Fukushima and the Chernobyl accidents 
Journal of Environmental Radioactivity 2013, 126 92-98
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Releases of Radioactive Cs

Isotope

Atmospheric 
Release 

Weapons 
Tests (PBq)

Atmospheric 
Release 

Chernobyl 
(PBq)

Atmospheric 
Release 

Fukushima 
(PBq)

Cs-134 - 54 17.5 168

Cs-136 41

Cs-137 948 86 15.3 156

Source: Povinec, P., Hirose, K. Aoyama, M., Fukushima Accident: Radioactivity Impact on the Environment
Elsevier (2013)
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Releases of Radioactive Cs

Source: Russel, B.C.; Croudace, I.W.; Warwick, P.E. Determination of 135Cs and 137Cs in environmental samples: A review 
Analytica Chimica Acta 2015, 890 7-20
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Releases of Radioactive Cs

Source: Russel, B.C.; Croudace, I.W.; Warwick, P.E. Determination of 135Cs and 137Cs in environmental samples: A review 
Analytica Chimica Acta 2015, 890 7-20



Isotopes of Interest

Isotope Half-life Gamma-ray Energies

Cs-134 2.0652 y

604.721 (97.62%)
795.864 (85.46%)
569.331 (15.37%)
801.953 (8.688%)
563.246 (8.338%)
1365.185 (3.017%)
1167.968 (1.790%)
475.365 (1.477%)

Cs-135 2.3 x 106 y None

Cs-137 30.08 y 661.657 (85.1%) Ba-137m
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Isotopes of Interest



• Cs-137 is sometimes present in the environment 
in such small amounts that enrichment is 
required prior to measurement.

• This is especially the case for water samples. 

• Lake and stream water can be evaporated to 
reduce the volume and increase Cs concentration. 
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Preconcentration of Cs



• Alternatively, Cs+ can be separated together with 
other cations from the water onto a strong 
organic cation exchange resin. 

• An ion exchange capacity of a few hundred 
milliliters is sufficient for the separation of all 
cations from a few tens of liters of fresh water. 
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Preconcentration of Cs



• Seawater presents however a problem.

• It contains such large concentrations of salts that 
the capacity of a cation exchanger is rapidly 
exceeded, rendering the method ineffective.
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Preconcentration of Cs



• As an alternative, coprecipitation can be used to 
preconcentrate 137Cs from seawater.

• Coprecipitation can be achieved with:

– Ammonium phosphomolybdate (AMP)
((NH4)3PMo12O40 ∙ 3H2O) 

– Potassium cobalt hexacyanoferrate
(K2CoFe(CN)6∙H2O) 
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Preconcentration of Cs



1. Measure the seawater volume (5–100 L) and put into a tank of 
appropriate size.

2. pH should be adjusted to 1.6–2.0 by adding concentrated HNO3

(addition of 40 mL conc. HNO3 for 20 L seawater sample makes pH 
of sample seawater about 1.6).

3. Add 0.26 g of CsCl to form an insoluble compound and stir at a rate 
of 25 L per minute for several minutes.

4. Weigh 4 g of AMP and pour it into a tank to disperse the AMP with 
seawater.

5. 1 h stirring at a rate of 25 L air per minute.
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Preconcentration of Cs

Source: Aoyama, M.; Hirose, K. Radiometric determination of anthropogenic radionuclides in seawater
in Analysis of Environmental Radionuclides, Povinec, P.P. (Editor), Elsevier (2008)



6. Settle until the supernate becomes clear. The settling time is usually 
6 h to overnight, but no longer than 24 h.

7. Take an aliquot of 50 mL supernate to calculate the amount of the 
residual cesium in the supernate.

8. Loosen the AMP/Cs compound from the bottom of the tank and 
transfer into a 1–2 L beaker; if necessary, do additional step of 
decantation.

9. Collect the AMP/Cs compound onto 5B filter by filtration and wash 
the compound with 1 M HNO3.
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Preconcentration of Cs

Source: Aoyama, M.; Hirose, K. Radiometric determination of anthropogenic radionuclides in seawater
in Analysis of Environmental Radionuclides, Povinec, P.P. (Editor), Elsevier (2008)



10. Dry up the AMP/Cs compound for several days at room 
temperature.

11. Weigh the AMP/Cs compound and determine weight yield.

12. Transfer the AMP/Cs compound into a Teflon tube of 4 mL volume 
and subject to γ –ray spectrometry.
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Preconcentration of Cs

Source: Aoyama, M.; Hirose, K. Radiometric determination of anthropogenic radionuclides in seawater
in Analysis of Environmental Radionuclides, Povinec, P.P. (Editor), Elsevier (2008)



• Comparing the ratios of the different Cs isotopes 
can provide important information about the 
source of radioactive contamination.

• The 135Cs/137Cs ratio varies with reactor, weapon 
and fuel type.

• It can therefore can be used as a forensic tool.
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Isotope Ratios



• Cs-134 is produced as an activation product in 
nuclear reactors. 

• It accumulates during the long-term irradiation 
of fuel and construction materials.

• It was therefore not present in fallout from 
atmospheric nuclear weapons testing.

• It did however make up a significant portion of 
the fallout from the Chernobyl accident. 
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Isotope Ratios
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Isotope Ratios

Source: Kirchner, G.; Bossew, P.; De Cort, M. Radioactivity from Fukushima Dai-ichi in air over Europe; part 2
Journal of Environmental Radioactivity 2012, 114 (1-2) 35-40
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Isotope Ratios

Source: Mück, K. et al. A consistent radionuclide vector after the Chernobyl accident
Health Physics 2002, 82 (2) 141-156



• Cesium-137 is an important radionuclide in 
radiation protection, environmental monitoring, 
sediment dating, land erosion and waste disposal.

• Cs-135 is a long-lived radioisotope with a 
comparatively low radiation risk;

• It is however a significant contributor to the long 
term radiological risk associated with deep 
geological disposal.
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Cs-137 vs. Cs-135



• Low specific activity (T½= 2.3x106 y).

– Lower health hazard

– Useful for long-term studies
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Determination of Cs-135 



• Beta spectroscopy

– Requires chemical separation

– Cs-135 βmax: 269 keV

– Beta counting is prevented by 137Cs also present.

• Activity ratio 135Cs/137Cs: 1 : 80,000.

45

Cs-135 Measurement - Radiometric 



• Gamma spectroscopy

– Ba-135m decays to the Ba-135 ground state.

– T½: 28.7 h

– Gamma-ray energy: 268 keV

– Gamma counting is prevented by 137Cs also 
present.
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Cs-135 Measurement - Radiometric 



• Cesium is chemically separated and the resulting 
sample is irradiated with neutrons.

• Thermal neutron cross section: 9 barn.

• Cs-136 T½: 13.16 d
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Cs-135 Measurement - NAA 

135𝐶𝑠
(n,γ )136𝐶𝑠

(𝛽−)136𝐵𝑎
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Cs-135 Measurement - NAA 

Addition of AMP to Cs solution
Mix/centrifuge precipitate

Solution is discarded 

Resin is irradiated

AMP dissolved in 0.06M NaOH
Loaded onto cation exchange resin

Source: Chao, J.-H.; Tseng, C.-L. Determination of 135Cs by neutron activation analysis
Nuclear Instruments and Methods in Physics Research A 1996, 372 (1-2) 275-279
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Cs-135 Measurement - NAA 

Cs eluted from resin with 5M HNO3

Addition of HCl
Cs reprecipiated at pH 1.2 

Cs precipitated with AMP
Precipitate washed

Dissolved in 0.06 M NaOH

Source: Chao, J.-H.; Tseng, C.-L. Determination of 135Cs by neutron activation analysis
Nuclear Instruments and Methods in Physics Research A 1996, 372 (1-2) 275-279
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Cs-135 Measurement - NAA 

Isotope Half-life Gamma-ray Energies

Cs-136 13.16 d
818.514 (99.70%)
1048.073 (80%)
340.574 (42.2%)



• The presence of stable 133Cs in the sample will 
lead to production of 134Cs during irradiation.

• The resulting Compton background complicates 
detection of 136Cs.
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Cs-135 Measurement - NAA 

Isotope Half-life Gamma-ray Energies

Cs-136 13.16 d
818.514 (99.70%)
1048.073 (80%)
340.574 (42.2%)

Cs-134 2.0652 y
604.721 (97.62%)
795.864 (85.46%)
569.331 (15.37%)



• Mass spectroscopy can provide an important 
alternative for the determination of 135Cs.

– Advantage: Low detection limit

– Disadvantage: Mass interferences

• Chemical separation of cesium is required to 
remove isobaric interferences.

– Cs separated using AMP
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Cs-135 Measurement – Mass Spec
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Cs-135 Measurement – Mass Spec

Source: Russel, B.C.; Croudace, I.W.; Warwick, P.E. Determination of 135Cs and 137Cs in environmental samples: A review 
Analytica Chimica Acta 2015, 890 7-20



• Tailings due to the presence of stable 133Cs can 
also interfere with the measurement.

• A very high mass separation efficiency is 
therefore needed.
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Cs-135 Measurement – Mass Spec



• Mass spectroscopy techniques utilized:

– Thermal ionization mass spectrometry
(TIMS)

– Inductively coupled plasma mass spectrometry 
(ICP-MS)

– Resonance ionization mass spectrometry
(RIMS)
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Cs-135 Measurement – Mass Spec
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Cs-135 Measurement – Mass Spec

Add 133+134Cs tracers to sediment sample
Digest in aqua regia for 24 hours

Residue is discarded

Dry precipitate in air
Dissolve in 10M NaOH

Measure 134Cs tracer yield via γ-spec

Addition of 0.06 g AMP to solution
Mix/centrifuge precipitate

Solution is discarded 

Source: Karam, L.R.; Pibida, L.; McMahon, C.A. Use of RIMS for determination of Cs ratios in solid samples
Applied Radiation and Isotopes 2002, 56 (1-2) 369-374
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Cs-135 Measurement – Mass Spec

Pipet 2 μl of solution onto Re filament

Carry out TIMS measurement

Source: Karam, L.R.; Pibida, L.; McMahon, C.A. Use of RIMS for determination of Cs ratios in solid samples
Applied Radiation and Isotopes 2002, 56 (1-2) 369-374
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Cesium Transfer

Source: Lima, E. Cesium in Radionuclides in the Environment, Atwood, D. (Editor), Wiley (2010)



• The common chemical forms of cesium are all 
soluble in water.

• They are therefore rapidly and completely 
absorbed across the gastrointestinal tract.

• The element tends to behave in the body as if it 
were potassium.
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Cesium in the Body



• It is localized intercellularly and is deposited 
predominantly in muscle tissue.

• This is due to the fact that muscle represents the 
largest portion of body intercellular space.

• Since cesium distributes effectively in all soft 
tissue of the body, it is also present in meat 
animals.

• As a result the radionuclide may enter the human 
body via the food chain in a complicated way. 
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Cesium in the Body



• The biological half-life of cesium varies widely 
among individuals. 

• It ranges generally between 50 and 150 days.

• It’s excretion is characterized by a two component 
model.
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Cesium in the Body
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Cesium in the Body

Source: Rääf, C.L. et al. Human metabolism of radiocesium revisited
Radiation Protection Dosimetry 2004, 112 (3) 395-404
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Cesium in the Body

Source: Rääf, C.L. et al. Human metabolism of radiocesium revisited
Radiation Protection Dosimetry 2004, 112 (3) 395-404
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Upcoming Webinars

• I-129

• Laboratory Subsampling

• Laboratory Sample Preparation

NAMP website http://www.wipp.energy.gov/namp/ 


