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Radiolysis of water and aqueous solutions refers to the decomposition of water and its solutions under exposure to

ionizing radiation, such as γ-rays, X-rays, accelerated particles, or fast neutrons. This exposure leads to the

formation of highly reactive species, including free radicals like hydroxyl radicals ( OH), hydrated electrons (e ),

and hydrogen atoms (H ), as well as molecular products like molecular hydrogen (H ) and hydrogen peroxide

(H O ). These species may further react with each other or with solutes in the solution. The yield and behavior of

these radiolytic products depend on various factors, including pH, radiation type and energy, dose rate, and the

presence of dissolved solutes such as oxygen or ferrous ions, as in the case of the ferrous sulfate (Fricke)

dosimeter. Aqueous radiation chemistry has been pivotal for over a century, driving advancements in diverse fields,

including nuclear science and technology—particularly in water-cooled reactors—radiobiology, bioradical

chemistry, radiotherapy, food preservation, wastewater treatment, and the long-term management of nuclear

waste. This field is also vital for understanding radiation effects in space.
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Radiation chemistry research focuses heavily on water and aqueous solutions, emphasizing their critical

importance in biological systems and a variety of practical applications. This research spans fundamental scientific

aspects and extends into areas such as nuclear science and technology—especially in water-cooled nuclear power

reactors, where controlling radiolytic processes is crucial to prevent deleterious (corrosion) effects, radiation effects

in space, radiotherapy, diagnostic radiology, and the long-term environmental management of nuclear waste

materials (for a selection of articles and books published since 1980, see 

). Additionally, water is the standard reference material in clinical radiation

therapy, chosen for its ionizing radiation absorption properties, which closely mimic those of biological tissue .

Water radiolysis, the decomposition of water under ionizing radiation, has been an active research area for over a

century. In fact, it is known that only a few months after the discovery of X-rays by Wilhelm C. Röntgen at the

University of Würzburg, Germany, natural radioactivity was, in turn, discovered in February–May 1896 by Henri

Becquerel in Paris. Following this, polonium  and radium  were identified in 1898 by Pierre and Marie

Sklodowska Curie, along with Gustave Bémont. The Curies and Becquerel were awarded the Nobel Prize in

Physics in 1903 for these discoveries. Early observations by Curie and Debierne , Giesel , and Ramsay

and Soddy  revealed that dissolved radium salts continuously decompose aqueous solutions, releasing

hydrogen and oxygen gases primarily due to the emission of α-particles from radium, a process Marie Curie 
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compared to “electrolysis without electrodes”. Notably, the pivotal experiment by Rutherford and Royds 

providing direct evidence that alpha particles are ionized helium atoms dates from 1909.

Various other studies on the gaseous emissions resulting from the action of radon on water were subsequently

conducted by Ramsay and Cameron  and by Usher . These authors demonstrated that α-particles are

primarily responsible for the observed chemical effects. Conversely, Kernbaum  found that X-rays do not

produce any observable gas release under similar conditions, a finding later corroborated by Risse  and Fricke

and Brownscombe . In fact, it is now well established that α-rays induce the radiolysis of water into measurable

stable products, whereas X-ray-induced radiolysis in the absence of air is notably weak due to significant and rapid

reverse reactions.

Most importantly, André Debierne , in 1914, first suggested that water radiolysis produces hydrogen atoms (H )

and hydroxyl radicals ( OH), a hypothesis that predated the general acceptance of such reactive intermediates by

about 30 years. Debierne proposed, “On peut supposer que chaque molécule d’eau est décomposée en un atome

H et un radical hydroxyl OH, deux atomes d’hydrogène se soudant pour faire une molécule d’hydrogène, et deux

radicaux hydroxyls donnant lieu à la production d’une molécule d’eau oxygénée” [One can suppose that each

water molecule is decomposed into one hydrogen atom and one hydroxyl radical OH, with two hydrogen atoms

bonding to form a hydrogen molecule, and two hydroxyl radicals resulting in the production of a hydrogen peroxide

molecule]. Such an interpretation, founded in solid principles, was overlooked for years until Risse , the group

led by M. Burton and J. Franck (see, e.g., ), and Weiss  independently stated it.

With these brief reminders in mind, we direct readers to comprehensive historical accounts of aqueous radiation

chemistry published in the last few decades  for further details.

This review investigates the effects of ionizing radiation on water and dilute aqueous solutions, starting with the

basics of water radiolysis. Given the breadth of this topic and space limitations, a comprehensive analysis is

beyond the scope of a single manuscript. Instead, we provide a concise assessment of key parameters, including

pH, radiation type and energy, dissolved solutes (e.g., oxygen), and dose rate. The review concludes with an

examination of the radiolysis of the ferrous sulfate (Fricke) dosimeter under various experimental conditions. Much

of the content aligns with the curriculum of the author’s graduate-level Introduction to Radiation Chemistry course

at the Université de Sherbrooke.

References

1. Ferradini, C.; Pucheault, J. Biologie de l’Action des Rayonnements Ionisants; Masson: Paris,
France, 1983.

2. Buxton, G.V. Radiation chemistry of the liquid state: (1) Water and homogeneous aqueous
solutions. In Radiation Chemistry: Principles and Applications; Farhataziz, Rodgers, M.A.J., Eds.;

[39]

[40][41] [42]

[43]

[44]

[45]

[46] ●

●

[47]

[48][49] [50]

[51][52][53][54][55][56][57][58][59][60]



Fundamentals of Water Radiolysis | Encyclopedia.pub

https://encyclopedia.pub/entry/57943 3/6

VCH: New York, NY, USA, 1987; pp. 321–349.

3. Freeman, G.R. (Ed.) Kinetics of Nonhomogeneous Processes: A Practical Introduction for
Chemists, Biologists, Physicists, and Materials Scientists; Wiley: New York, NY, USA, 1987.

4. Magee, J.L. Nonhomogeneous processes in radiation research: Radical diffusion models. Can. J.
Phys. 1990, 68, 853–857.

5. Spinks, J.W.T.; Woods, R.J. An Introduction to Radiation Chemistry, 3rd ed.; Wiley: New York, NY,
USA, 1990.

6. Tabata, Y.; Ito, Y.; Tagawa, S. (Eds.) CRC Handbook of Radiation Chemistry; CRC Press: Boca
Raton, FL, USA, 1991.

7. Klassen, N.V. Primary species in irradiated water. J. Chim. Phys. 1991, 88, 747–757.

8. Ferradini, C.; Jay-Gerin, J.-P. (Eds.) Excess Electrons in Dielectric Media; CRC Press: Boca
Raton, FL, USA, 1991.

9. Draganić, I.G.; Draganić, Z.D.; Adloff, J.-P. Radiation and Radioactivity on Earth and Beyond, 2nd
ed.; CRC Press: Boca Raton, FL, USA, 1993.

10. Bensasson, R.V.; Land, E.J.; Truscott, T.G. Excited States and Free Radicals in Biology and
Medicine; Oxford University Press: Oxford, UK, 1993.

11. Woods, R.J.; Pikaev, A.K. Applied Radiation Chemistry: Radiation Processing; Wiley: New York,
NY, USA, 1994.

12. Getoff, N. Radiation-induced degradation of water pollutants—State of the art. Radiat. Phys.
Chem. 1996, 47, 581–593.

13. McCracken, D.R.; Tsang, K.T.; Laughton, P.J. Aspects of the Physics and Chemistry of Water
Radiolysis by Fast Neutrons and Fast Electrons in Nuclear Reactors; Report AECL-11895; Atomic
Energy of Canada Limited: Chalk River, ON, Canada, 1998.

14. Richter, H.W. Radiation chemistry: Principles and applications. In Photochemistry and Radiation
Chemistry. Complementary Methods for the Study of Electron Transfer; Wishart, J.F., Nocera,
D.G., Eds.; American Chemical Society: Washington, DC, USA, 1998; Chapter 2; pp. 5–33.

15. Pastina, B.; LaVerne, J.A.; Pimblott, S.M. Dependence of molecular hydrogen formation in water
on scavengers of the precursor to the hydrated electron. J. Phys. Chem. A 1999, 103, 5841–5846.

16. Mozumder, A. Fundamentals of Radiation Chemistry; Academic Press: San Diego, CA, USA,
1999.

17. LaVerne, J.A. Radiation chemical effects of heavy ions. In Charged Particle and Photon
Interactions with Matter: Chemical, Physicochemical, and Biological Consequences with



Fundamentals of Water Radiolysis | Encyclopedia.pub

https://encyclopedia.pub/entry/57943 4/6

Applications; Mozumder, A., Hatano, Y., Eds.; Marcel Dekker: New York, NY, USA, 2004; pp. 403–
429.

18. Garrett, B.C.; Dixon, D.A.; Camaioni, D.M.; Chipman, D.M.; Johnson, M.A.; Jonah, C.D.; Kimmel,
G.A.; Miller, J.H.; Rescigno, T.N.; Rossky, P.J.; et al. Role of water in electron-initiated processes
and radical chemistry: Issues and scientific advances. Chem. Rev. 2005, 105, 355–389.

19. von Sonntag, C. Free-Radical-Induced DNA Damage and Its Repair. A Chemical Perspective;
Springer: Berlin, Germany, 2006.

20. Elliot, A.J.; Bartels, D.M. The Reaction Set, Rate Constants and g-Values for the Simulation of the
Radiolysis of Light Water over the Range 20 to 350 °C Based on Information Available in 2008;
Report No. 153-127160-450-001; Atomic Energy of Canada Limited: Mississauga, ON, Canada,
2009.

21. Lin, M.; Muroya, Y.; Baldacchino, G.; Katsumura, Y. Radiolysis of supercritical water. In Recent
Trends in Radiation Chemistry; Wishart, J.F., Rao, B.S.M., Eds.; World Scientific: Hackensack,
NJ, USA, 2010; pp. 255–277.

22. Muroya, Y.; Lin, M.; de Waele, V.; Hatano, Y.; Katsumura, Y.; Mostafavi, M. First observation of
picosecond kinetics of hydrated electrons in supercritical water. J. Phys. Chem. Lett. 2010, 1,
331–335.

23. Meesungnoen, J.; Jay-Gerin, J.-P. Radiation chemistry of liquid water with heavy ions: Monte
Carlo simulation studies. In Charged Particle and Photon Interactions with Matter. Recent
Advances, Applications, and Interfaces; Hatano, Y., Katsumura, Y., Mozumder, A., Eds.; CRC
Press (Taylor & Francis Group): Boca Raton, FL, USA, 2011; pp. 355–400.

24. Bobrowski, K. Radiation-induced radical reactions. In Encyclopedia of Radicals in Chemistry,
Biology and Materials; Chatgilialoglu, C., Studer, A., Eds.; Wiley: Chichester, UK, 2012; Volume 1,
pp. 395–432.

25. Das, S. Critical review of water radiolysis processes, dissociation products, and possible impacts
on the local environment: A geochemist’s perspective. Aust. J. Chem. 2013, 66, 522–529.

26. Wojnárovits, L.; Takács, E. Radiation induced degradation of organic pollutants in waters and
wastewaters. Top. Curr. Chem. (Z) 2016, 374, 50.

27. Katsumura, Y.; Kudo, H. Radiation chemistry of aqueous solutions. In Radiation Applications;
Kudo, H., Ed.; Springer Nature: Singapore, 2018; Chapter 6; pp. 37–49.

28. Wardman, P. Radiotherapy using high-intensity pulsed radiation beams (FLASH): A radiation-
chemical perspective. Radiat. Res. 2020, 194, 607–617.

29. Macdonald, D.D.; Engelhardt, G.R.; Petrov, A. A critical review of radiolysis issues in water-cooled
fission and fusion reactors: Part I, Assessment of radiolysis models. Corros. Mater. Degrad. 2022,



Fundamentals of Water Radiolysis | Encyclopedia.pub

https://encyclopedia.pub/entry/57943 5/6

3, 470–535.

30. Fritsch, B.; Lee, S.; Körner, A.; Schneider, N.M.; Ross, F.M.; Hutzler, A. The influence of ionizing
radiation on quantification for in situ and operando liquid-phase electron microscopy. Adv. Mater.
2025, 2415728.

31. Medin, J.; Ross, C.K.; Klassen, N.V.; Palmans, H.; Grusell, E.; Grindborg, J.-E. Experimental
determination of beam quality factors, kQ, for two types of Farmer chamber in a 10 MV photon
and a 175 MeV proton beam. Phys. Med. Biol. 2006, 51, 1503–1521.

32. Curie, P.; Curie, S. Sur une substance nouvelle radio-active, contenue dans la pechblende. C. R.
Acad. Sci. Paris 1898, 127, 175–178.

33. Curie, P.; Curie, P. (Mme); Bémont, G. Sur une nouvelle substance fortement radio-active,
contenue dans la pechblende. C. R. Acad. Sci. Paris 1898, 127, 1215–1217.

34. Curie, P.; Debierne, A. Sur la radio-activité induite et les gaz activés par le radium. C. R. Acad.
Sci. Paris 1901, 132, 768–770.

35. Giesel, F. Ueber Radium und radioactive Stoffe. Ber. Deutsch. Chem. Ges. (Berlin) 1902, 35,
3608–3611.

36. Giesel, F. Ueber den Emanationskörper aus Pechblende und über Radium. Ber. Deutsch. Chem.
Ges. 1903, 36, 342–347.

37. Ramsey, W.; Soddy, F. Experiments in radioactivity, and the production of helium from radium.
Proc. R. Soc. London 1903, 72, 204–207.

38. Curie, P. Radioactivité; Hermann: Paris, France, 1935; p. 347.

39. Rutherford, E.; Royds, T. The nature of the α particle from radioactive substances. Philos. Mag.
1909, 17, 281–286.

40. Ramsey, W. The chemical action of the radium emanation. Part I. Action on distilled water. J.
Chem. Soc. Trans. 1907, 91, 931–942.

41. Cameron, A.T.; Ramsey, W. The chemical action of radium emanation. Part II. On solutions
containing copper, and lead, and on water. J. Chem. Soc. Trans. 1907, 91, 1593–1606.

42. Usher, F.L. Die chemische Einzelwirkung und die chemische Gesamtwirkung der α- und der β-
Strahlen. Jahrb. Radioakt. Elektr. 1911, 8, 323–334.

43. Kernbaum, M. Action chimique sur l’eau des rayons pénétrants de radium. C. R. Acad. Sci. Paris
1909, 148, 705–706.

44. Risse, O. Über die Röntgenphotolyse des Hydroperoxyds. Z. Phys. Chem. 1929, 140A, 133–157.

45. Fricke, H.; Brownscombe, E.R. Inability of X-rays to decompose water. Phys. Rev. 1933, 44, 240.



Fundamentals of Water Radiolysis | Encyclopedia.pub

https://encyclopedia.pub/entry/57943 6/6

46. Debierne, A. Recherches sur les gaz produits par les substances radioactives. Décomposition de
l’eau. Ann. Physique (Paris) 1914, 2, 97–127.

47. Risse, O. Einige Bemerkungen zum Mechanismus chemischer Röntgenreaktionen in wäβrigen
Lösungen. Strahlentherapie 1929, 34, 578–581.

48. Allen, A.O. Mechanism of the radiolysis of water by gamma rays or electrons. In Actions
Chimiques et Biologiques des Radiations; Haïssinsky, M., Ed.; Masson: Paris, France, 1961;
Volume 5, pp. 9–30.

49. Gordon, S. Radiation chemistry at the Metallurgical Laboratory, Manhattan project, University of
Chicago (1942–1947) and the Argonne National Laboratory, Argonne, IL (1947–1984). In Early
Developments in Radiation Chemistry; Kroh, J., Ed.; The Royal Society of Chemistry, Thomas
Graham House: Cambridge, UK, 1989; pp. 163–204.

50. Weiss, J. Radiochemistry of aqueous solutions. Nature 1944, 153, 748–750.

51. Kroh, J. (Ed.) Early Developments in Radiation Chemistry; The Royal Society of Chemistry,
Thomas Graham House: Cambridge, UK, 1989.

52. Jonah, C.D. A short history of the radiation chemistry of water. Radiat. Res. 1995, 144, 141–147.

53. Ferradini, C.; Jay-Gerin, J.-P. Radiolysis of water and aqueous solutions: History and present
state of the science. Can. J. Chem. 1999, 77, 1542–1575.

54. LaVerne, J.A. Track effects of heavy ions in liquid water. Radiat. Res. 2000, 153, 487–496.

55. Zimbrick, J.D. Radiation chemistry and the Radiation Research Society: A history from the
beginning. Radiat. Res. 2002, 158, 127–140.

56. Buxton, G.V. The radiation chemistry of liquid water: Principles and Applications. In Charged
Particle and Photon Interactions with Matter: Chemical, Physicochemical, and Biological
Consequences with Applications; Mozumder, A., Hatano, Y., Eds.; Marcel Dekker: New York, NY,
USA, 2004; pp. 331–363.

57. Cooper, R. The history and development of radiation chemistry. Aust. J. Chem. 2011, 64, 864–
868.

58. Le Caër, S. Water radiolysis: Influence of oxide surfaces on H2 production under ionizing
radiation. Water 2011, 3, 235–253.

59. Baldacchino, G. The contribution of swift ions in the epic of radiation chemistry. Histoire de la
Recherche Contemporaine 2017, Tome VI, 47–54.

60. Zimbrick, J.D. Radiation chemistry and Radiation Research: A history from the beginning to the
Platinum edition. Radiat. Res. 2024, 202, 368–384.

Retrieved from https://encyclopedia.pub/entry/history/show/129578


