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RAPPORT CEA-R-6251 – Alexandra LEITERER, Philippe BERARD, Florence MENETRIER 
 
«Thorium et santé : état de l’art » 
 
Résumé - Ce rapport rassemble les informations disponibles dans la littérature sur la thématique ‘thorium 
et santé’. Le thorium est un radioélément naturel de la famille des actinides largement répandu dans la 
croûte terrestre, qui se trouve à 99 % sous forme de Th-232. Ses propriétés physico-chimiques et 
nucléaires expliquent ses utilisations diverses. Actuellement, son utilisation en tant que potentiel 
combustible nucléaire en est au stade de la recherche. Mais le thorium a des applications variées et parfois 
méconnues dans l’industrie non nucléaire, et notamment dans des produits de grande consommation 
(ampoules). Se pose alors la question des déchets et de l’exposition à la fois des travailleurs et du public. 
L’exposition via l’alimentation de la population générale due à la présence de thorium dans 
l’environnement reste globalement faible, mais les travailleurs peuvent recevoir des doses non 
négligeables, lors des opérations d’extraction du minerai en particulier. Les données concernant la 
surveillance médicale des travailleurs et la biocinétique du thorium, notamment celles provenant de la 
CIPR, sont rassemblées dans ce document. Les effets sur la santé et la toxicité du thorium ne font l’objet 
que de peu d’études et souvent anciennes, à l’exception des conséquences de son utilisation comme 
produit de contraste. Des études sur les autres formes du thorium seraient nécessaires pour en préciser la 
toxicité. Pour ce qui est du traitement, le Ca-DTPA est la molécule recommandée même si son efficacité 
semble limitée. Le LiHOPO montre des résultats intéressants chez l’animal et la recherche de nouvelles 
molécules décorporantes doit se poursuivre. 
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RAPPORT CEA-R-6251 – Alexandra LEITERER, Philippe BERARD, Florence MENETRIER 
 
 « Thorium and health : state of the art» 
 
Abstract - This report reviews data available in the literature on the subject : ‘thorium and health’.  
Thorium is a natural radioactive element of the actinide series. It is widely distributed in the earth’s crust 
and 99% is found as isotope thorium-232. Its various uses are explained by its chemical, physical, and 
nuclear properties. As a potential nuclear fuel, thorium is still in demonstration in pilot scale reactors. But 
thorium has already multiple and sometimes unknown industrial uses. Some mass market products are 
concerned like light bulb. This raises the issue of wastes, and of exposures of workers and public. 
Environmental exposure via food and drink of the general population is low, where as workers can be 
exposed to significant doses, especially during ore extraction. Data on biomonitoring of workers and 
biokinetic of thorium, in particular those provided by ICRP, are gathered here. Studies on health effects 
and toxicity of thorium are scarce and mostly old, except outcomes of its previous medical use. Studies on 
other forms of thorium should be undertaken to provide substantial data on its toxicity. Concerning 
treatment, Ca-DTPA is the recommended drug even if its efficacy is moderate. LiHOPO molecule shows 
interesting results in animals, and further research on chelating agents is needed.  
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I – Introduction 
 

1. Origin 
 
Thorium was discovered in 1829 in Norway by JJ Berzélius. Thorium is a radioactive element 

that occurs naturally in low concentrations, about 12 ppm, in earth’s crust. However levels 

can range from 1.5 to 25 ppm. It is about 3 to 4 times as abundant as uranium and about half 

as abundant as lead. Thorium in its pure form is a silvery-white heavy metal with a density of 

11.7 g/cm3. Thorium is a soft, ductile metal that is pyrophoric in powdered form. More than 

99% of natural thorium exists as isotope thorium-232, although several additional isotopes 

can be present in small amounts. Thorium occurs as an oxide (ThO2), phosphate (ThPO4), and 

silicate (ThSiO4). 

 

2. World resources  
 
Thorium is widely distributed in the earth’s crust. The chief commercial source is monazite 

sands. The concentration of thorium oxide in monazite sands is about 3 to 10%. Thorium is 

also found in the minerals thorite (thorium silicate) and thorianite (mixed thorium and 

uranium oxides) (Argonne National Laboratory, 2005), (Le Guen et al., 2000), (IRSN, 2002). 

Large resources are found in Australia, Brazil, Canada, Greenland (Denmark), India, South 

Africa, and the United States (see table 1) (Hedrick, 2010). 
Table 1 : Thorium world resources (from Hedrick, 2010) 

 Reserves  

(in tons of thorium oxide equivalent) 

USA 440 000 

Australia 300 000 

Brazil 16 000 

Canada 100 000 

India 290 000 

Malaysia 4 500 

South Africa 35 000 

Other countries 90 000 

World Total 1 300 000 
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Reserves are contained primarily in the rare-earth ore mineral monazite and the thorium 

mineral thorite. Without demand for the rare earths, monazite would probably not be 

recovered for its thorium content.  

Monazite and other thorium containing minerals belong to naturally occurring radioactive 

materials (NORM). Processing of these materials can give rise to significantly enhanced 

exposures compared to normal background levels. These activities are regulated by the 

European Council Directive 96/29/Euratom of 13 May 1996, which provides protective 

measures against ionizing radiation for workers and the general public. 

 

3. Thorium in the environment and bioconcentration 
 
Thorium is ubiquitous in our environment. Release of thorium can occur both from natural 

and anthropogenic sources. Data on the fate and transport of thorium in the air are limited but 

wet and dry deposition seems to be involved in removal from atmosphere. Surface water 

sediment is the repository for atmospheric and aquatic compounds. In water, the concentration 

of soluble thorium is low (1.10-5 g/l in sea water), thorium is present in sediment and 

suspended particles. It has been shown that significant bioconcentration occurs in lower 

trophic animals in water, but bioconcentration factors decrease as trophic level increase. In 

soil, thorium remains strongly sorbed in most cases and its mobility will be slow. However, in 

some soils, thorium can form soluble complexes and leach into groundwater. The plant/soil 

transfer ratio for thorium is < 0.01, thorium does not concentrate in plants from soil. But, in 

contaminated areas, this ratio can reach 3. (ATSDR, 1990)  

 

II – Physical, chemical and nuclear properties  
 

(ATSDR, 1990) and (Le Guen et al., 2000) for review 

1. Physical and chemical properties 
 

Thorium is a soft, ductile metal that is pyrophoric in powdered form. Thorium ribbon burns in 

air to give the oxide. The metal also reacts with hydrogen, nitrogen, the halogens, and 

sulphur. Thorium compounds are stable in +4 oxidation state. Water soluble thorium 

compounds include the chloride, fluoride, nitrate, and sulphate salts. Water insoluble 

 5



compounds include the dioxide, carbonate, hydroxide, oxalate, and phosphate salts. The main 

characteristics of thorium and thorium compounds are summarized in table 2. 

 
Table 2 : Properties of thorium and compounds (dioxide, nitrate, fluoride, carbonate) (from ATSDR, 
1990)  
 Thorium 

metal 
Thorium 
dioxide 

Thorium 
nitrate 

Thorium 
fluoride 

Thorium 
carbonate 

Formula Th ThO2 Th(NO3)4, 4 
H20 

ThF4, 4 H20 Th(CO3)2 

MW 232.04 264.04 552.12 380.09 352.06 
Color gray white colorless unknown unknown 

Melting 
point °C 

~1700 3220 500 
(decomposes)

100 (-H20) unknown 

Boiling 
point °C 

~4500 4400  140-100 (-2 
H20) 

unknown 

Solubility 
- water 
 
- other 
solvents 

 
insoluble 

 
soluble in 

HCl, H2SO4, 
slightly 

soluble in 
HNO3 

 
insoluble 

 
soluble in hot 

H2SO4, 
insoluble in 
dilute acid, 

alkali 

 
very soluble 

 
very soluble 
in alcohol, 

slightly 
soluble in 
acetone 

 
0.017g/100mL 

(25°C) 
insoluble in 

HF 

 
insoluble in 
cold water 
soluble in 

concentrated 
Na2CO3 

Density 
(g/cm3) 

11.7 9.7 unknown unknown unknown 

 

2. Nuclear properties 
 
Thorium is an element of the actinide series, it exists in several isotopic forms, all radioactive. 

Thorium occurs in most of the natural decay series (U-238, U-235, Th-232). Including 

artificially produced isotopes, there are 27 isotopes with atomic masses ranging from 209 to 

238. Isotopes with long half-life among naturally produced isotopes are Th-232 with a half-

life of  1.4x1010 y, Th-230 with a half-life of 7.7x104 y, Th-228 with a half-life of 1.9 y, and 

Th-229 for artificially produced isotopes with a half-life of 7.3 x103 y. Specific activities of 

thorium natural isotopes are gathered in table 3. Th-234 is used in laboratory experiments 

because of its short half-life. 
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Table 3 : Thorium isotopes specific activities 

Radionuclide 
Natural decay 

series 
Half-life  Specific activy (Bq/g)

Th-228 Th-232 1.9 y 3040x1010 

Th-230 U-238 7.7x104 y 7200x105 

Th-232 Th-232 1.4x1010 y 4100 

Th-234 U-238 24.1 d 8550x1011 
 

Th-232 is the leader of a natural decay series, which contains 11 elements. It disintegrates by 

emission of alpha, beta, and gamma radiations, and reaches the stable elements Pb-208. In the 

decay chain (see figure 1), Rn-220 is formed, as well as 3 gamma emitters Ac-228, Bi-212, 

and Tl-208 with energies of the major gamma radiation being respectively 1.64 MeV, 1.62 

MeV, and 2.62 MeV.  

Th-232 is not always in equilibrium with its decay products. After separation Th-232 and Th-

228 have the same activities, then the ratio Th-228/Th-232 decreases to 0.4 before rising 

again to 1. It takes at least 58 y for the equilibrium to be achieved again. 

Th-227, Th-229 and Th-233 are fissile by thermal neutrons. Th-232 can be used as fuel in a 

fast-neutron reactor, as a fertile material which converts into U-233. 
 

 
Figure 1 : Thorium 232 decay chain 
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III – Analytical methods 
 

Various methods can be used in research and monitoring activities for measurement of 

thorium: 

1. radiometric methods: alpha and gamma spectrometry, neutron activation analysis (NAA), 

liquid scintillation spectrometry; 

2. spectrophotometric methods: inductively coupled plasma atomic emission spectrometry 

(ICP-AES), electrothermal atomic absorption spectrometry (ETAAS); 

3. electrochemical methods: voltammetry; 

4. mass spectrometric methods: thermal ionisation mass spectrometry (TIMS), inductively 

coupled plasma mass spectrometry (ICP-MS). 

The main techniques are alpha and gamma spectrometry, NAA, ICP-MS and ICP-AES 

(White et al., 2001). Some specific characteristics of these techniques are given below. 

Alpha spectrometry can quantify individual alpha-emitting isotopes of thorium independently. 

It requires a delicate sample preparation to obtain an extremely radiochemically pure source. 

Gamma spectrometry is a non destructive method with low detection limits. Only total 

thorium is determined based on the indirect quantification of Th-232 by measurement of 

gamma rays of progeny nuclides like Ac-228, Tl-208, or Pb-212. It implies that progeny 

nuclides are in equilibrium with Th-232.  

Neutron activation analysis is an active form of gamma spectrometry. The sample is activated 

in a neutron flux to produce Th-233 before gamma measurement of decay products. This 

technique can be performed on the entire sample using instrumental NAA (INAA), or after 

chemical separation and purification of Th-233 or Pa-233 from the matrix using 

radiochemical NAA (RNAA). 

ICP-MS allows quantitative determination of both total and individual thorium isotopes at low 

concentrations. ICP-AES can determine total thorium only.  

 

In vitro monitoring methods for the measurement of thorium in biological materials, urine and 

faeces, are alpha spectrometry after radiochemical separation or ICP-MS. Both methods can 

quantify individual isotopes of thorium. In vivo monitoring to determine thorium total body or 

lung burden can be performed by gamma spectrometry, although interpretation of results may 

be difficult. Thorium lung burden can also be estimated by measurement of thoron in exhaled 

air (Le Guen et al., 2000). The detection limits for the measurement of thorium by different 

techniques are shown in table 4. 
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Table 4 : Detection limits of the analytical methods for Th-232 measurement (from Dalheimer & 
Henrichs, 1994) 

Technique  DL 
Lung burden 10 – 30 Bq Gamma spectrometry 
Whole body 30 – 100 Bq 

Urine 0.3 – 1.5 mBq/d Alpha spectrometry 
Faeces 0.3 – 1.5 mBq/d 

 

IV – Industrial and medical uses: past and present 
 

(Hedrick, 2007), (Hedrick, 2008) and (IPSN, 2001) 

 

Thorium can be found in different types of industries, which can be divided into three fields: 

the various industrial uses, the use as a nuclear fuel, and the past use in medicine. 

 

1. In the USA, the principal use of thorium has been in the preparation of gas lantern mantles. 

These mantles contain thorium oxide with about 1% cerium oxide. Thorium is an important 

alloying element with magnesium and is used to coat tungsten wire for components of 

electronic equipment. Thorium can also be added to ceramic items such as crucibles, to 

refractive glass, to welding rods and electric bulb filaments. 

In France, production or use of thorium containing materials include: addition to glass for 

optical instruments, use of the magnesium-thorium alloy in crankcases in aeronautics, and use 

of thoriated welding rods. Monazite treatment for rare earth compounds extraction stopped in 

1994 (ASN, 2009). 

Limited demand for thorium, compared with demand for rare earths produced from thorium-

containing minerals, continued to create a worldwide oversupply of thorium compounds and 

residues. Major rare-earth processors have switched feed materials to thorium-free 

intermediate compounds, such as rare-earth chlorides, hydroxides, or nitrates. Principal 

nonenergy uses have shifted from refractory applications to chemical catalysts, welding 

electrodes, and lighting. Thorium is used in high intensity discharge lamps to optimize lamp 

stability and life time and no non-radioactive alternative is available at present. 

 

2. Thorium can also be used as a fuel in nuclear reactors. Thorium-232 transforms into the 

fissile isotope U-233 upon absorption of a neutron. Although the use of Th-232/U-233 fuel 
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cycle has been demonstrated in pilot-scale studies, it has not been proven to be economically 

viable for use in commercial nuclear power plant (Argonne National Laboratory, 2005). 

 

According to the US geological survey minerals yearbook 2007, domestic consumption of 

thorium is expected to remain low because of concerns over its naturally occurring 

radioactivity, unless its use as a nonproliferative nuclear fuel develops or a low-cost 

technology to dispose of thorium residues from mineral processing is created.  

Interest in thorium increased as a potential alternative to uranium in nuclear fuel. In 2007, 

geologic exploration for thorium resources continued in Canada, India, and in the USA. The 

Indian Government, as well as a US company in agreement with the Russian nuclear 

company, continue their testing on research reactor operating on the thorium-232/uranium-

233 cycle.  

 

3. Between 1928 and 1955, thorium has been used in medicine as a radiographic contrast 

product. 50 000 to 100 000 patients were treated with colloidal thorium-232 dioxide 

(Thorotrast®) worldwide. Most of the human data for thorium exposure comes from 

epidemiological studies in patients injected with Thorotrast®. 

 

V – Exposure 
 

1. Environmental exposure 
 

 Populations are exposed to naturally occurring radionuclides that are present in 

different sources, among which phosphate fertilizers used in agriculture. 

Radionuclides in phosphate fertilizers are potassium-40, or belong to the thorium-232 

and uranium-238 series. A study was carried out in India on alpha activity in 

phosphate and non phosphate fertilizers, and in cultivated soils. Phosphate fertilizers 

had high levels of alpha activity ranging from 141 to 2589 Bq/kg, higher than non 

phosphate fertilizers whose activities ranged from 2.4 to 5.2 Bq/kg. In soils samples, 

alpha activities were comprised between 109 and 660 Bq/kg. The value of maximum 

alpha activity of phosphate fertilizer samples per unit area of agricultural land lies 

between 18 and 324 Bq/m2 assuming that 1,250 kg of phosphate fertilizer are used per 

hectare per year. There is a positive correlation between soil and fertilizer alpha 
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activity. All phosphate fertilizers and soil samples except one exceed the world and 

Indian averages in soils (UNSCEAR, 2000). Use of high quantities of phosphate 

fertilizers causes radiological pollution of environment and potential contamination of 

populations living in cultivated areas (Ghosh et al., 2008). 

 

 Another way for people to be exposed to thorium is by the use of thoriated gas 

mantles, which are sold without any information concerning radioactivity. They are 

prohibited in some countries but not in all, and interdiction may not always be 

respected. Two studies investigated the thorium content of different types of gas 

mantles. The Th content and activity of two “non radioactive” gas mantle were 195±1 

mg (796 Bq) and 258±0.4 mg (1054 Bq). The relative Th concentrations were 10.2 

and 15.0% (weight). The maximum gamma ray dose rate of 3 gas mantles was 208, 

187, and 203 nSv/h. The empty packaging was contaminated with Th-232 and its 

decay products (Poljanc et al., 2007). Furuta et al. (2000) found that 7 out of the 11 

mantles examined were radioactive. Mantles contained various levels of radioactivity 

from background level to 1,410±140 Bq. The 7 radioactive mantles can be divided 

into two categories depending on their thorium content. Maximum Th content was 

18% (weight), and average content in the low Th category was 4.7%. Dose equivalents 

were measured for 240 h and 720 h with a pocket dosimeter placed 0, 10 and 100 cm 

from a radioactive mantle. At 100 cm, the dose did not exceed background level 

(58±11 µSv per 720 h), it reached twice the background level at 10 cm. On the 

packages, the dose was 244±34 µSv per 240 h and 842±32 µSv per 720 h. The dose 

decreased of one third when the dosimeter was placed on one pack only. The dose was 

then of 164±8.81 µSv per 240 h and 532±59.6 µSv per 720 h. These results suggest 

that one pack can cause high equivalents at short distance. It seems that thorium does 

not evaporate during burning. But there is a risk of internal exposure due to 

evaporation of thorium daughter products (Ac-228, Pb-212, Bi-212, Tl-208). 

 

2. Concentration in water and food, and consecutive effective dose 
 
UNSCEAR selected reference values for concentrations of naturally occurring radionuclides 

in foods and drinking water (see table 5), and for the annual intake of those radionuclides in 

diet. The annual intake of Th-232 in diet is of 1.7 Bq/y, which corresponds to 4.6 mBq/d. It is 

noticeable that these values were derived from a wide range of reported concentrations and 
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intakes. Data vary because of different background levels of radionuclides and agricultural 

conditions for concentrations in foods, and dietary habits for intakes. 

 
Table 5 : UNSCEAR reference values for concentrations of Th-232 in foods and drinking water (from 
UNSCEAR, 2000) 

 Concentration of Th-232 (mBq/kg) 

Milk products 0.3 

Meat products 1 

Grain products 3 

Leafy vegetables 15 

Root vegetables and fruits 0.5 

Fish products 10 

Drinking water 0.05 

 
In literature, data on thorium concentrations in drinking water are scarce. Three studies 

investigated the activity concentration in water (groundwater, tap water or bottled water). 

Khalil et al. (2009) analysed 50 water samples by gamma ray spectroscopy for Ra-226, Th-

232, and K-40. Samples included tap waters, tubewells and handpumps from Beni Suef in 

Egypt. The activity for Th-232 ranged from 0.003 to 0.019 Bq/l with an average of 0.008 

Bq/l. The authors calculated the annual effective doses which would result from the ingestion 

of 1.5 l/d of water due to intake of Th-232, values ranged from 0.53 to 2.5 µSv, with an 

average of 1.1 µSv. Th-232 in drinking water contribute to 1.1% of the reference level of the 

WHO (see part IX.2). The authors conclude that natural radioactivity concentration in 

groundwater of Beni Suef present no health risk to the public. Another Egyptian study found 

concentrations of Th-232 in water samples (wells and springs) ranging from 0.21±0.05 to 

0.97±0.11 Bq/l. The mean effective dose resulting from ingestion of water in adults was 0.065 

mSv/y. These waters contained higher concentration of Ra-226 than of thorium. Ra was the 

main contributor to the effective dose with an average of 0.56 mSv/y. Because of this high 

radium level, these waters are not suitable for life-long human consumption. Consumption of 

water and/or radionuclide concentrations must be reduced (Arabi et al., 2006). The third study 

was conducted in Japan and measured the concentrations of Th-232 in imported and domestic 

bottled mineral water, and in tap water. Results are shown in table 6. 
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Table 6 : Thorium-232 concentrations in waters samples from Japan (ng/l) 
 Th-232 concentrations in water samples (ng/l) 
 min Max median 
Imported bottled 
mineral water 

0.6 5.12 1.77 

Domestic bottled 
mineral water 

0.65 22.4 1.45 

Domestic tap water 0.64 22.1 2.41 
 

The annual effective dose of Th-232 was estimated to be 7.6x10-6 mSv/y using a maximum 

intake value of 22 ng/d. Estimated dose of Th-232 through ingestion was 2.2x10-4 mSv/y in 

Japan. Water consumption contributes to a small part of the annual internal dose in Japan 

(Shiraishi et al., 2004).  

 

Daily intake of Th-232 through diet is estimated to be 12.3 mBq (= 3.0 µg) by the ICRP 

(ICRP, 1975) and 4.6 mBq by UNSCEAR (UNSCEAR, 2000). Daily dietary intake of Th-232 

was estimated for adults in 8 Asian countries: Bangladesh, China, India, Japan, Pakistan, 

Philippines, Republic of Korea, and Vietnam (Iyengar et al., 2004). These countries account 

for half of the world population. The aim of this study was to provide baseline data on intakes 

and related doses by populations exposed to normal and natural background conditions. 

Median daily intakes of Th-232 ranged from 0.6 to 14.4 mBq, the lowest being for Philippines 

and the highest for Bangladesh. The Asian median intake is 4.2 mBq/d (see figure 2). These 

intakes are generally lower than those proposed by the ICRP, but are comparable to 

UNSCEAR. Fisenne et al. (1987) reported a daily intake for New Yorkers of 4 mBq. Two 

studies by Shiraishi (1992; 2000) in Japan reported daily intakes of 1.72 mBq and 2.79 mBq. 

A Pakistanian study found an average daily intake of 10 mBq (= 2.7 µg) (Akhter et al., 2003), 

and a Chinese study a daily intake of 8 mBq (Quan et al., 2008). The contributions of 

individual food ingredients on the daily intake of Th-232 were studied in India and China 

only. Cereals and vegetables contributed to more than half of the daily intake. The annual 

committed effective dose due to dietary intake of thorium-232 was calculated with the dose 

coefficient from the ICRP Publication 78 (1997) as 0.34 µSv. The radiation dose due to 

dietary intake of Th-232 accounts for a small fraction of the annual radiation dose from 

natural sources of 2.4 mSv as estimated by UNSCEAR.  
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Figure 2 : Daily dietary intake of Th-232 by the populations of some Asian countries (from Iyengar et al., 
2003) 
The numbers in parentheses denote the diet samples analysed in each country. 
ICRP Reference Man Value (ICRP, 1975) 
a (UNSCEAR, 2000) 
 

3. Occupational exposure 
 

(Vearrier et al., 2009) for review 

 

Industries concerned by ionizing radiation due to thorium are those involved in mining and 

processing of rare-earth and phosphate containing ores, in pyrochlore mining and niobium 

processing, and in the manufacturing of gas mantles, high-intensity discharge lamps and 

thorium oxide manufacturing welding rods. 

  

In thorium manufacturing processes, doses may range from 1 to 10 mSv/y. The highest 

exposures may be due to workers in the manufacturing of gas mantles while the production of 

thorium lamps and thorium oxide welding rods is associated with lower exposure. Doses due 

to use of thorium oxide welding rods and recycling of lamps or welding rods were estimated 

to be about 0.15 mSv/y and 0.3 mSv/y, respectively. 

  

Phosphate containing rock varies considerably in its degree of radioactivity. Highly 

radioactive phosphate rock has elevated concentrations of radium-228, radium-226, and 
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thorium-232. Miners, working in maintenance or ore crushing, transport, beneficiation, and 

storage, have estimated dose of 10-11 mSv/y. Sellers or users of phosphate containing 

fertilizers may be exposed to 1-6 mSv/y.  

 

Heavy mineral sands may contain elevated concentrations of thorium and uranium. Monazite 

may contain 5-7 % of Th and 0.1-0.5 % of U by weight, where as earth’s crust generally 

contains 2-20 ppm of Th and 0.5-5 ppm of U. Doses to workers of heavy mineral sand 

processing industry have been estimated in different countries. In Australia, the mean annual 

effective dose is thought to be 6 mSv, and between 8 and 125 mSv in a plant in Brazil. 

Exposure is both external and internal, due to inhalation of dust. Working in the separation of 

heavy minerals from monazite ore or in a later step of extraction of rare earths from monazite 

leads to annual effective doses between 1 and 9 mSv. 

Pyrochlore is the most important economic source for niobium and contains U-238 and Th-

232 with a typical activity of 270 kBq/kg. Niobium is used in a variety of alloys, 

superconducting magnets, and internal medical devices.  The estimated dose to workers 

involved in the processing or bulk storage of pyrochlore is in the range 2.4 to 3.5 mSv/y.  

 

3.1.  Rare earth production facilities 
 
 
Three studies dealt with doses from rare earth production facilities.  

One plant converts rare earth chloride into different compounds such as rare earth fluoride, 

oxide, carbonate, etc. Rare earth compounds manufactured from monazite generally contain 

low levels of natural radionuclides. Gross alpha and beta activities in different rare earth 

compounds ranged from <0.5 to 18.1 and <0.5 to 22.4 Bq/g, respectively. Airborne Th-232 

activity in the plant ranged between 0.001 and 0.023 Bq/m3, with a mean level of 0.005±0.002 

Bq/m3. The inhalation dose was estimated to be 0.62 mSv (assuming a breathing rate of 1.2 

m3/h for 2000 working hours per year, for a type M compound and a particle size of 5 µm). 

The total inhalation dose due to the intake of thoron progeny and long-lived alpha emitters is 

estimated to be 1.22 mSv/y. The total annual dose, including 0.7 mSv due to external 

exposure, is of 1.92 mSv for occupational workers (Haridasan et al., 2008a).  

 

A study was conducted in a titanium dioxide production plant. Titanium dioxide is used in the 

paint/coatings industry. 4.5 million tons are produced par year from ilmenite (FeO.TiO2) and 
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rutile (TiO2). Ilmenite and rutile contain low level of NORM due to the presence of thorium 

and uranium series. Th-232 and Ra-228 were measured in titanium minerals and their derived 

products. Th-232 average activity was 0.57±0.25 Bq/g in ilmenite, 0.10±0.03 Bq/g in rutile, 

0.19±0.06 in synthetic rutile, and 0.09±0.03 Bq/g in TiO2 pigment powder. Synthetic rutile 

results from the enrichment of TiO2 content in ilmenite. The airborne activity due to thorium 

in ilmenite/rutile separation and TiO2 production plants ranged from 0.003 to 0.04 Bq/m3, 

with a mean of 0.008 Bq/m3. The highest activities were found in the ilmenite and rutile 

separation areas. The estimated inhalation dose was 0.7mSv/y (assuming a breathing rate of 

1.2m3/h for 2000 working hours per year, for a type S compound and a particle size of 7 µm). 

Inhalation dose due to thoron progeny is insignificant. The external gamma exposure was 

estimated to be 1 mSv/y at the upper level. Specific activities of Th-232 and Ra-228 were 

higher in solid wastes and liquid effluent than in minerals. Th-232 levels ranged from 0.6 to 

3.4 Bq/g. The distribution of Th-232 in the chemical processing showed that about 77 % of 

the initial activity ends up in the iron oxide waste and 18 % in the synthetic rutile. The authors 

conclude that activity levels in wastes should be monitored and appropriate measures taken to 

protect the environment (Haridasan et al., 2008b).  

 

The last study investigated the concentrations of Th-232 in autopsy samples from 5 former 

thorium workers. The plant produced thorium and rare earth chemical from ores and monazite 

sands from 1932 to 1973, and manufactured thorium mantles from 1936 to 1947. 

Measurements of airborne Th-232 showed levels of 0.05-5 Bq/m3 in the plant. The levels of 

radioactivity found in autopsy samples are much higher than environmental levels of thorium, 

because of inhalation exposure via thorium-bearing dust. Concentrations in organs were 10 to 

1000 times higher than in persons non-occupationally exposed. The concentrations of Th-232 

in the lungs are strongly related to the lengths of employment and work assignments of the 

subjects. This relation was not found in bone and other internal organs. Large amounts of Th-

232 remained in the lungs at 6, 10, 15, and 31 years after the end of employment. Except for 

one subject, distribution of thorium in the lungs, bone, and liver of workers were similar to 

those of the general population (Stehney & Lucas, 2000). The estimated amounts of Th-232 in 

body organs and organ distribution can be found in table 7 for the four thorium workers for 

whom multi organ analyses were available, that is to say subject L0770, L1521, L2107, and 

L2932. 
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Table 7 : Estimated amount of Th-232 in body organs and organ distribution as percent of the total body 
content (from Stehney et al., 2000) 
 

  L0770 L1521 L2107 L2932 Grand-Jctnb 
          

Body organ Reference 
mass (g)a Bq % Bq % Bq % Bq % Bq % 

Lung 945 1.65 19. 63.4 66. 11.4 20. 0.23 13. 0.020 25.1 
Lymph nodes 15 0.08 0.9 18.2 19. 0.46 0.8 0.058 3.3 0.0043 5.2 

Wet bone 8000 5.60 65. 4.6 4.8 nac (65.)d 1.28 72. 0.047 55.4 
Liver 1800 0.31 3.6 0.27 0.28 1.22 2.2 0.027 1.5 0.0020 2.2 

Kidney 310 na  na  0.021 0.04 0.003 0.2 0.0008 0.9 
Spleen 180 0.17 2.0 0.19 0.20 0.94 1.7 na  0.0005 0.7 
Muscle 28000 na (10.)e na (10.) na (10.) na (10.) na (10.) 

Total’ 70000 8.68  96.3  (56.)  1.78  0.084  
 
a Organ masses for Reference Man (ICRP 1975). 
b Organ activities from Ibrahim et al. (1983) and percentage distributions from Singh et al. (1983) for non-occupationally 
exposed men in Grand Junction, Colorado. 
c na = not available. 
d Percent in bone assumed to be equal to that of L0770. 
e Estimate of 10% of body thorium in muscle is from Singh et al. (1983). 
f Activity totals assume that 90% of the body content is in the measured values (25% for L2107). 
 

3.2. Mining activities  
 
A study in a rare earth/iron mine in China found higher levels of dusts in the crushing 

workshop: the air concentrations of dusts were in the range 9.30 to 875.0 mg/m3, with an 

average of 188.7 mg/m3. Measurements of thoron exhaled were carried out from 1983 to 1994 

on 781 subjects (638 thorium miners and 143 unexposed workers). The average lung burden 

was 1.60 Bq in exposed miners and 0.30 Bq in unexposed workers. A seven year follow-up 

study (1983-1990) observed the clearance of thorium dioxide from the lung of a miner before 

and after work. 44% of the initial lung burden was cleared with a half-life of 112 days, while 

56 % was cleared with a half-life of 7000 years. This long half-life was attributed to retention 

of dusts in the lungs (Chen et al., 2003).  

A study took place in 1993-1994 in the same mine. The ore contains silicon dioxide (10 % by 

weight) and thorium (0.04 % by weight). This mine counts 7,558 workers with 2,903 dust 

exposed miners. 136 male miners exposed to dust participated in the study: 64 were from the 

high dust generating workshop, the other 72 were from the lower dust generating workshops 

and served as internal control. The air concentrations were 1.6-74.0 mg/m3 of dusts in the 

high dust generating workshop, and 1.2-16.4 mg/m3 in the lower dust generating workshops. 

The lung burden was assessed by thoron-breath measurement. The average lung burden 

estimates are significantly different between the high exposure group and the control group, 

1.71±0.18 Bq and 0.58±0.04 Bq respectively. The high exposure group belongs to the 

crushing workshop. Dust exposed miners having a thorium lung burden estimate higher than 
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1.84 Bq are only found in this group. 1.84 Bq is the lower limit for the detection of thorium 

contamination of the workers in this mine as compared to the background level (Chen et al., 

2005).  

 

Both studies found a significant increase in lung cancer mortality in exposed and unexposed 

workers compared to the Chinese population (see table 8). This general high rate of cancer is 

due to high levels of smoking. The level in exposed miners was higher than in unexposed 

workers. This raise is attributed to inhalation of silica primarily, and also of thorium-bearing 

dusts and thoron progeny (Chen et al., 2003; Chen et al., 2005).  

 
Table 8 : Standard mortality ratio (SMR) of lung cancers (from Chen et al., 2003) 

Years of 
study Group Expected Observed SMR 95% CI 

Dust exposed 
miners 3.301 17 5.15 3.36 – 7.89  1977-1993 

Controls 3.480 8 2.30 1.17 – 4.51 
Dust exposed 

miners 4.406 27 6.13 4.41 – 8.52 1977-2001 
Controls 4.201 8 1.90 0.94 – 3.84 

 

A recent study (Ademola & Okpalaonwuka, 2010) in a beryl, quartz and feldspar mine in 

Nigeria reported the average activity concentrations of Th-232 among other radionuclides (U-

238 and K-40) in minerals and soil samples. The average concentrations (Bq/kg) were as 

follows: 11.8±5.8 in beryl, 6.3±5.0 in feldspar, 20.1±3.5 in quartz, 11.5±5.9 in soil samples 

from the pits, 15.3±7.5 in soil samples from the heaps, and 13.3±5.9 in undisturbed land 

around the mining site. These values are under the world average for soil of 45 Bq/kg 

(UNSCEAR, 2000). Effective doses due to exposure to natural radionuclides present in soil 

and minerals are 89.9 µSv/y for digging and handling of soil and mineral samples in the pit 

and 63.6 µSv/y for handling at the heaps. These results are below the annual global effective 

dose of 2.7 mSv due to natural source for miner (UNSCEAR, 2000). The doses calculated in 

the study did not take into account exposure to radon where as the UNSCEAR dose does. The 

authors conclude that the miners at the site are not at any potential risk of high occupational 

exposure due to long-lived radionuclides of U-238, Th-232, and K-40.  

 

 18



3.3. Monazite cycle (Juliao et al., 1994)  
 
A study monitored worker’s intake of thorium by alpha spectrometry of 24h faeces samples 

and whole body counter in three Brazilian facilities: a monazite sand extraction plant, a 

thorium concentration plant, and a gas mantle factory.  

 

 In the sand extraction plant, Th-232 concentrations in air were 2.4±0.6 mBq/m3 in the 

room where electromagnetic separation is performed and 1.9±0.4 mBq/m3 for 

gravimetric monazite concentration. 20 workers were included in the study. Average 

Th-232 and Th-228 concentrations in faeces were 25±19 mBq/g ash and 82±35 mBq/g 

ash respectively. Th-228/Th-232 ratio varied from 1 to 17. It may be due to a higher 

uptake from food as Ra-228 is taken up by plant from soil more efficiently than Th. 

Levels of thorium in faeces were generally higher than those of inhabitants of Rio or 

Sao Paulo.  

 

 At the thorium concentration plant, ThO2 air concentration was 7±3 mBq/m3 in the 

grinding room and 1±0.2 mBq/m3 in the leaching process room. After leaching, Th-

232 is in the form nitrate. 21 workers were monitored in 1991, 18 through faeces 

bioassay. Th-232 in urine samples was generally below detection limits. Among 

workers, 8 were from administrative staff, and the other 10 worked in the leaching 

process room. Activities in faeces of administrative staff were lower than the other 

workers, but some of them presented measurable amount indicating a possible 

contamination. For thorium workers, higher activities were found during the working 

period than in the closure period of 45 days. Some workers, among those who had 

worked there for more than 10 years, presented Ac-228 activities in the lung, 

reflecting thorium deposition. Workers had generally higher activities in faeces than 

non-occupationally exposed populations, as the normal background levels are in the 

range 0.15-1.5 mBq/g ash (Linsalata et al., 1986).  

 

 In the gas mantle industry, air monitoring showed levels below detection limits. 10 

workers were included in the study. During the working period, the average Th-232 

and Th-228 concentrations in faeces were 147 mBq/g ash and 148 mBq/g ash 

respectively. During the holiday period, the average Th-232 and Th-228 

concentrations in faeces were 10 mBq/g ash and 28 mBq/g ash. The highest amounts 
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were related directly to workers of the controlled area of the plant. A visit confirmed 

bad hygienic habits. 6 workers had measurable activities in the lung before vacation. 

The worker who had the highest lung activity was the one with the highest Th-232 

excretion after vacation. These results suggest that workers are exposed via inhalation. 

The most sensitive method for detecting thorium exposure is the analysis of faeces 

samples. It should be performed after a vacation period in order to distinguish intakes 

via inhalation and via ingestion. Direct measurement through in vivo counting is 

possible when exposure is high. In this study, air monitoring was not compatible with 

bioassay data.  

 

4. Biomonitoring  
 

4.1. General population: background level 
 
Interest in thorium has developed in relation to workplaces: mining, separation and processing 

of thorium containing ores, thoriated electrodes production and use… But it is important to 

know background values in biological and environmental matrices to detect any 

contamination from anthropogenic/unnatural sources. Population intake of thorium-232 

originates mainly from the diet and from thorium content in air. Thorium can be naturally 

present in some building materials and, in that case, can contribute to external gamma 

irradiation (Nuccetelli & Risica, 2008). A study measured thorium and uranium content in 

urine of 500 US residents by ICP-MS. Samples were collected from participant of the 

NHANES III (National Health And Nutrition Examination Survey) study conducted between 

1988 and 1994. Subjects are from both urban and rural communities, and are aged from 6 to 

88 years. Thorium was present in 39.6 % of the samples. The mean concentration and 95th 

percentile for thorium were respectively 1.01 ng/l and 3.09 ng/l. The creatinine adjusted data 

compared favourably with the uncorrected data. When data were below the detection limit 

(0.85 ng/l), half of the limit was used for computing distribution statistics. The distribution of 

thorium concentration in urine (ng Th/g creatinine) is represented in figure 3 (Ting et al., 

1999). 
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Figure 3 : Thorium concentration distribution in urine of 500 US residents (ng Th/g creatinine) 
 

4.2. Workers biomonitoring (Le Guen et al., 2000) 
 
External exposure can be determined by different means: photographic films, which measure 

only gamma radiations; thermoluminescent dosimeter to dose beta and gamma radiations; and 

concentration in air. 

After acute internal exposure via inhalation, analysis of faeces samples should be performed 

during 3 days. Nasal and urine samples and lung monitoring are required, as well as exhaled 

thoron and blood sample for chromosomic aberration search. In case of wound contamination, 

the wound and bandages should be measured. 

Standard controls consist of urine and faeces samples analysis twice a year. 

 

Radiotoxicological results take into account the way of exposure (inhalation, ingestion) and 

the biokinetic models. Based on these two points, the ICRP developed dose coefficients for 

each radionuclide. 

 

The dose coefficients (in Sv/Bq) for thorium isotopes are summarized in table 9. They 

correspond to the committed effective dose, E(50), resulting from the intake of 1 Bq of that 

isotope. 
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Table 9 : Effective dose coefficient for intakes of thorium isotopes by workers (Sv/Bq) (from ICRP, 1994) 
    Inhalation, einh(50) Ingestion 

Isotopes Half-life 
(years) 

Type fA 1 µm 
AMAD 

5 µm 
AMAD 

eing(50) 

Th-228 1.9 M 
S 

5.0x10-4 

2.0x10-4 
3.1x10-5 
3.9 x10-5 

2.3 x10-5 
3.2 x10-5 

7.0 x10-8 
3.5 x10-8 

Th-230 7.7x104 M 
S 

5.0x10-4 

2.0x10-4 
4.0 x10-5 
1.3 x10-5 

2.8 x10-5 
7.2 x10-5 

2.1 x10-7 
8.7 x10-8 

Th-232 1.4x1010 M 
S 

5.0x10-4 

2.0x10-4 
4.2 x10-5 
2.3 x10-5 

2.9 x10-5 
1.2 x10-5 

2.2 x10-7 
9.2 x10-8 

AMAD: Activity Median Aerodynamic Diameter. Fifty percent of the activity in the aerosol 
is associated with particles of aerodynamic diameter greater than the AMAD. 
 

VI – Biokinetics 
 

1. ADME (ATSDR, 1990) 
 

1.1. Absorption 
 

1.1.1. Inhalation 
The absorption of thorium after inhalation depends on the chemical nature of the isotope and 

on the particle size. Thorium-234 is more absorbed as soluble thorium citrate than as soluble 

thorium chloride in rat lungs. But once absorbed, thorium distribution and excretion are the 

same whatever the compound. Thorium dioxide, which is insoluble, is little absorbed and 

tends to remain for long period of time in the lungs (68-73 % of thorium-232 dioxide remains 

after 1 day and 15-30 % after 21 months). Thorium is removed mainly by ciliary clearance 

and then excreted by the faeces for the larger particles. 

Inhalation is the major route of exposure in workers. Lung levels in workers occupationally 

exposed to thorium are significantly higher than those of workers not occupationally exposed. 

It was determined by autopsy data of a population environmentally exposed that, intake of 

thorium via inhalation accounts for less than 1 % of total intake but absorption through lungs 

accounts for 2/3 of the total uptake due to low intestinal absorption rate.  

 

1.1.2. Oral absorption 
The gastrointestinal absorption of thorium depends on the solubility of the different chemical 

forms. Soluble compounds have greater bioavailability than the insoluble ones. It was found 

 22



that the absorption rates were in descending order: thorium-EDTA > thorium chloride > 

thorium nitrate > thorium dioxide. ICRP (1995) has recommended an f A value of 5.10-4 (f A  is 

the fraction of an ingested element directly absorbed into body fluids). Animal studies showed 

that absorption was greater in neonatal rats, suggesting that infants may be more exposed. 

 

1.1.3. Dermal absorption 
Thorium passes through the skin but no data is available on the absorption rate.  

 

1.2. Distribution 
 

1.2.1. Target organs 

 
Autopsy data of environmentally exposed persons showed that thorium-232, thorium-230, and 

thorium-228 concentrated primarily in the tracheobronchial lymph nodes (mean 53.4 µg/kg), 

with lungs (5.4 µg/kg) and bones (0.55 µg/kg) containing the next highest activity. It implies 

that thorium is partly cleared by the lymphatic system. Content of thorium in the 

reticuloendothelial system (liver, spleen, bone marrow) was low in persons environmentally 

exposed compared to persons injected with Thorotrast®, which is a colloidal solution of 

thorium dioxide. The daily intake of thorium through food, water, and inhalation was 

estimated at 2.29 µg/d, with 2.27 µg/d for food and water.  

 

After intravenous injection of Thorotrast®, 97 % is taken up by the reticuloendothelial system 

and distributed to the liver (59%), spleen (29%) and bone marrow (9%). Thorium is also 

deposited in the lymph nodes. Thorium is not uniformly distributed in the tissues and organs 

because of its capture by the macrophages.  

Thorium-234 intravenously injected as citrate in humans was distributed mainly to bones and 

soft tissues. Studies in animals showed a distribution pattern of thorium-234 sulfate similar to 

Thorotrast®. It seems that there is a concentration above which thorium hydrolizes and 

becomes colloidal, and is taken up by the reticuloendothelial system. Below this 

concentration, thorium is retained mainly in the skeleton. 
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1.2.2. Distribution in bones 

One Canadian study investigated the behaviour of thorium in bone as a function of age in 

persons environmentally exposed. No estimation of thorium daily intake was available for 

Canadians. Concentrations of thorium were determined in 68 human vertebrae bone samples 

from 2 locations in Canada. Samples were selected to obtain a distribution for age that is as 

uniform as possible. Results did not provide any evidence of a change in thorium 

concentrations in bones with age since significant differences across all age group were 

minimal (Lariviere et al., 2007). This conclusion is contradictory to a study conducted by 

Jaiswal et al. (1994), in which thorium levels in rib bones increased with age. In the 19 

samples analysed, concentration ranged from 0.20 ng/g fresh weight at 6 y to 1.84 ng/g at 65 

y, with a mean of 0.54 ± 0.38 ng/g. The distribution of thorium in different bones is not 

uniform and concentration of thorium in vertebrae is lower than in rib bones. Is the age 

dependence of thorium bone type specific? 

 

1.3. Transport 
 
Transferrin is involved in the transport and cellular uptake of thorium. Thorium can be 

displaced from transferrin by an excess of iron (binding sites are unknown). 

 

1.4. Excretion 
 

1.4.1. Inhalation 
The main route of excretion following inhalation exposure is in the faeces after ciliary 

clearance from the lungs. It may account for 97 % of total excretion. Biological half lives of 

thorium in the lungs depends on the isotope and chemical form considered. It was reported 

that half-lives for thorium-232 and thorium-230 were 5.3 and 1.4 y respectively for people 

living in the vicinity of uranium mine tailings. For people in a non-mine area, these half-lives 

were of 2.6 and 1.0 y. Difference may be due to duration of exposure, particle size, experience 

protocol. Thorium-232 seems to be retained in the lungs longer than Thorium-230. 
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1.4.2. Oral absorption 

Animal studies in several species showed that more than 95% of the ingested amount is 

excreted in the faeces within 2-4 days. Very little thorium was excreted in the urine. It is 

consistent with the low gastrointestinal absorption rate. 

 

1.4.3. Dermal absorption 

No studies are available 

 

1.4.4. Other routes (iv) 
Thorotrast is very little excreted in humans.  

After intravenous injection of thorium-234 citrate in humans, 7% are excreted within the first 

20 days in urine and faeces. 93% of the injected amount was retained at 100 days with a 

biological half life of more than 5 years.  

 

2. Biokinetic model of ICRP 
 
 
ICRP has introduced in Publication 69 (1995) a new biokinetic model for thorium. Leggett 

(1997) described this model, the sources of data, and its implication for radiation dosimetry.  

 

2.1. Model structure  
 
The biokinetic model structure for thorium is the ICRP generic model for “bone-surface-

seeking” elements (Pu, Am, Cu, Np, Th) (see figure 4). Generic transfer rates are applied 

when thorium specific data are not available. 

 

This model contains 5 main parts: blood, skeleton, liver, kidneys, and other soft tissues, which 

can be divided into compartments.  

 

- Blood is treated as a uniformly mixed pool. Compartment ST0 is a soft tissue pool thath 

includes the extracellular fluids and exchanges material with blood over a period of hours or 

days. Compartment ST0 depicts an early build-up and decline of material in soft tissues, and 

accounts for early feedback of material to blood. In the summary of parameter values below, 
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deposition fractions for compartments other than ST0 are given in terms of “activity leaving 

the circulation” and refer to the division of material among compartments other than ST0. 

 

- The skeleton is divided into cortical and trabecular bones, and each of these is subdivided 

into bone surfaces, bone volume, and bone marrow. Activity is transferred from bone surface 

to bone volume by bone formation, or to bone marrow by bone resorption. Activity moves 

from bone marrow to blood over a period of months and is subsequently redistributed in the 

same pattern as the original input to blood. 

 

- The liver is divided into 2 compartments; Liver 1 and Liver 2. Liver 1 represents short term 

retention, and Liver 2 longer term retention (t1/2 > 1 y).Thorium entering the liver is assumed 

to deposit in Liver 1. Activity leaving Liver 1 is divided between blood, Liver 2, and the 

gastrointestinal tract via biliary secretion. Thorium leaving Liver 2 returns to blood. 

 

- The kidneys are assumed to consist of 2 compartments, one that loses thorium to urine and 

another that returns activity to blood. The “urinary bladder contents” is considered as a 

separate pool that receives all material destined for urinary excretion. 

 

- Soft tissue compartments ST1 and ST2 are used to represent intermediate term retention (a 

few years) and long term retention (many years), respectively. 
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Figure 4 : Biokinetic model for thorium (from ICRP, 1995) 
 

2.2. Sources of data 
 

2.2.1. Human data 
After intravenous injection of thorium-234 citrate in 5 subjects aged 63-83 y, the amount 

remaining into blood was 10% after 1 day, 3% after 2 days, 1.5% after 3 days, and 0.3% after 

10 days. The whole body retention was above 90% of the injected amount at 3 weeks and no 

biological removal occurred during the period 3 to 16 weeks. Cumulative urinary excretion 

was 4.5-6.1% of the dose after 5 days and 2-3% over the next 19 days. The ratios of total 

urinary excretion to total fecal excretion over the first 5 days were around 12 for males, and 

around 25 for females.  
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Some information is available on the long term retention of thorium in the body. The half-

time for clearance was determined in occupationally exposed subjects from long term 

measurement of thorium-227 and thorium-228 to be at least of 10-15 years. (Still in workers, 

the rate of urinary excretion was found to be 1% y-1 of the systemic burden). Autopsy data of 

non-occupationally exposed subjects showed that skeleton contained ¾ of the systemic 

burden. Liver and kidneys contained variable amounts, roughly 2-4% and 0.3-1%, 

respectively. 

 

2.2.2. Animals data 
- In beagle dogs, after intravenous injection, retention was 88% of the dose at 3 weeks, 80-

85% at 3 months, and 65-70% at 2.5 years. The urinary to fecal excretion ratio was 4 in the 

first few weeks and decrease to 1 at 2.5 y. 70% of thorium deposited in the skeleton, 5% in 

the liver and 3% in the kidneys. At long term (> 100 d), thorium was retained at 80% in bones 

and the remaining 20% were distributed among soft tissues with higher concentrations in liver 

and kidneys. No decline in radioactivity was observed in cortical bone over 1 300 d and in 

trabecular bone over 800 d, but noticeable decline in trabecular bone occurred over 800 to 

1 300 d. The content of the liver and kidneys declined in the first several months after 

injection and then stabilized. Distribution of thorium in organs of humans and beagle dogs 

only environmentally exposed are similar. There are also analogies in short term distribution 

and excretion after injection of thorium in humans and beagles.  

 

- After inhalation in rats, the level of absorption to blood did not depend on the initial lung 

content. Activity deposited mainly in skeleton. Liver and kidneys contained 15-20% and 3% 

of the skeletal activity, respectively. Urinary to fecal excretion ratio increased to 0.6-0.7 at 40-

50 days post-inhalation. 

 

- 3 d after injection of thorium in mice, 90% of systemic burden was retained in skeleton, 6% 

in the liver, 4% in kidneys, and 0.1% in reproductive organs. Urinary to fecal ratio was 16. 

Thorium distribution was similar after gastrointestinal absorption and after intravenous 

injection.  
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2.3. Biological analogues of thorium 
 
Thorium biological behaviour presents similarities with plutonium. Thorium and plutonium 

are “bone surface seeking” elements, they follow the same pathway in bones. The total body 

retention in dogs, and the percentage of the systemic burden deposited in human gonads 

appears to be roughly the same. However, compared to plutonium, thorium accumulates less 

in the liver and more in kidneys and blood vessels of dogs. Thorium has a higher urinary 

clearance, and perhaps a lower fecal clearance, than plutonium.  

In the ICRP model for thorium, thorium specific data were used when available. If not, 

transfer rates for plutonium (ICRP, 1993) were applied.  

 

2.4. Parameters values 
 

2.4.1. Removal from circulation 
The half-time of clearance is 0.25 d. 30% of the activity leaving blood goes to a soft-tissue 

compartment ST0, and returns to blood with a half-time of 1.5 d. Thorium that does not go 

into compartment ST0 is distributed to bone (70 %), liver (4 %), and other organs and tissues 

(16 %). The remaining 10 % are excreted. 

2.4.2. Uptake and translocation by the skeleton  
70% (80% for persons under 15 y) of thorium leaving the circulation deposits on bone 

surfaces, half on cortical bone and half on trabecular bone. The model for thorium deposition 

in bones is the generic model for “bone surface seeking” elements (ICRP, 1993). According 

to this model, activity is transferred from bone surface to bone volume by bone formation (the 

translocation rate is half of the bone formation rate), and to bone marrow by bone resorption 

(the translocation rate is equal to the bone resorption rate). The removal half-time from bone 

marrow to blood is 0.25 y (this value is derived from data on beagles for plutonium, but is 

consistent with measures in humans).  

2.4.3. Uptake and translocation by the liver 
The model is based on data obtained in beagle dogs and on semi-quantitative data in humans. 

5% of activity leaving the circulation deposits in Liver 1. This value must be reduced by 1/3 

for pre-adults. The removal half-time for Liver 1 is 1 y (default value of the “bone-seeking-

surface” elements model). Of activity leaving Liver 1, 50% goes to Liver 2, 25% to blood and 
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25% to the gastrointestinal tract. The removal half-time from Liver 2 to blood is 9 y (value of 

the plutonium model). Under or after chronic exposure to thorium, the liver contains 3-4% of 

the total systemic content. 

2.4.4. Uptake and removal by the soft tissues (ST1 and ST2) 
The model is based on data on animals and on analogy with plutonium and americium. 2% of 

activity leaving the circulation deposits in ST2 and 12.5% in ST1. The removal half-times 

from ST1 and ST2 to blood are 2 and 100 y, respectively (analogy with plutonium). The 

thorium content of massive soft tissues according to the model is 8% of the systemic content 

after long-term chronic exposure. There is discrepancy among reports, further studies are 

needed to determine if soft tissues are a long term retention compartment for thorium.  

2.4.5. Uptake and retention by the gonads 
The model is based on the analogy with plutonium, americium and neptunium (ICRP, 1993). 

0.001 %.g-1 gonadal tissue of thorium deposits in gonads (0.002 %.g-1 for persons under 15 y). 

The removal half-time to blood is 10 y. The model predicts that the adult testes contain 0.05% 

of the systemic content of thorium during chronic exposure.  

2.4.6. Urinary excretion and uptake and removal by the kidney 
The model is based on data on humans and beagles. 5.5% of activity leaving the circulation 

goes to urinary bladder and 3.5% deposits in renal tubules before being released to the urinary 

bladder with a half-time of 15 d. Under chronic exposure, daily urinary excretion is 17.5% of 

the blood content and the kidneys contain 0.7% of the systemic content of thorium. 

2.4.7. Fecal excretion 
The model is based on data on humans and beagles. The early excretion is due mainly to 

direct secretion from blood, and longer-term excretion to biliary secretion. 0.5% of thorium 

leaving the circulation and 25% of thorium leaving Liver 1 is excreted into the intestinal 

content.  
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3. Summary of studies challenging the ICRP model 
 
6 studies investigated the concordance of the level of thorium predicted by the ICRP model 

with observed values.  

 

One study (Jaiswal et al., 2004) compared model and observed values in environmentally and 

occupationally exposed persons in India. The daily intake of thorium through food, water, and 

inhalation were assessed to compute Th contents in different organs. The Th content in lungs, 

skeleton, and liver were respectively 2.56, 4.00, and 0.17 µg by modelling, compared to 4.31, 

3.54, and 0.14 µg by measurement on autopsy samples in an urban population. The 5 workers 

included in this study worked in a Th plant producing Th nitrate and reactor grade Th oxide. 

Measurements were carried out to determine the lung and total body contents, and the daily 

urinary excretion. The total body content and daily urinary excretion were computed using 

ICRP-66 HRTM and ICRP 69 models. For general population and workers, computed and 

measured values were comparable. 

 

3 studies (Roth et al., 2005), (Hollriegl et al., 2005), (Li et al., 2007) were interested only in 

environmentally exposed persons and found a difference between computed and measured 

values. They attributed this discrepancy in results to the low gastrointestinal factor in ICRP 69 

model. The f A value proposed by ICRP for oxides, hydroxides, and other compounds of Th is 

of 5.10-4. The authors suggest that with an f A value of 5.10-3, the expected value for urinary 

excretion would be closer to the observed value.  

 

Hollriegl et al. (2007) investigated the urinary thorium excretion before, during, and after 

ingestion of soil containing 0.1 to 0.6 mg of Th daily for 1 to 15 days in 6 volunteers. 

Background levels in urine range from 0.56 to 2.43 ng/d except for one subject who had a 

mean level of 3.99 ng/d. Thorium amounts administered did not increase its urinary excretion. 

Changes in urinary excretion did not follow the calculated value applying the ICRP 69 model. 

The increase in urinary thorium excretion would be of a factor 30 over the baseline level for 

an intake of 0.1 mg of Th for 10 days. The observed increases did not exceed a factor of about 

2.5. Soil ingestion seems not to result in a considerably higher uptake into the human body, 

probably because of low bioavailability. 
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One study (Glover et al., 2001) determined the distribution of thorium in the tissues of a 

single whole body donor. This subject had been exposed to thorium from environmental 

sources and to plutonium and americium through occupational accidents. Data expressed in 

terms of total body content and of the systemic content (not including respiratory tract) are 

compared to the ICRP 69 model. Results show the liver is not a significant organ for the 

uptake of Th from environmental sources, unlike Pu or Th from Throrotrast®. Liver may 

contain even less of the systemic burden than predicted by the ICRP. In this case, it represents 

0.22% of the total body activity and 0.42% of the systemic burden (3-4% of the total systemic 

content in ICRP 69). The kidneys contained 0.42% of the systemically incorporated Th-232 

(0.7% according to ICRP 69 model). This may be due to the higher than expected retention in 

the muscle. Concentration in testes was under the limit of detection, that is to say < 0.03%, 

compared to 0.05% of ICRP 69 model. Muscles contained 30% of the systemic burden where 

as ICRP 69 predicts that less than 10% is in the muscle and other soft tissues. (ICRP model is 

based on animal studies and analogy with Pu and Am). Distribution of concentration in the 

ash of the various skeletal bones indicates that distribution is not uniform in the skeleton.  

Comparison to Pu and Am distribution (occupationally exposed through wound) showed 

differences between elements for the whole body, but the distribution within the skeleton was 

very similar.  

 

VII – Toxicity 
 

1. Toxicity overview 
 
(ATSDR, 1990) for review 
  

1.1. Inhalation exposure  
 
No excess mortality was reported in two epidemiology studies among thorium workers 

published in 1955 and 1983.  

Genotoxic effects were reported in studies on human occupationally exposed to thorium. 47 

male workers in a thorium processing plant were examined for the frequency of chromosomal 

aberrations in their lymphocytes. The group with high body burden of radioactivity (0.56 

Bq/kg) had an increased frequency of chromosomal aberrations (dicentric and ring 
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chromosomes) compared to the moderate (0.11 Bq/kg) and control groups. An increase in the 

number of chromosomal aberrations was found in 240 monazite sand millers compared to 

controls. These results were generally consistent with those found in patients injected with 

Thorotrast®. 

According to ATSDR, the evidence for a causal relationship between thorium exposure and 

cancer is not convincing. Cohort studies on thorium workers found excess of death from 

pancreatic and lung cancers, but workers were exposed to other potentially carcinogenic 

agents and smoking was not taken into account. A study on uranium mill workers showed an 

increased incidence of lymphatic and haematopoietic tissues cancer. From determination of 

alpha radioactivity in the tracheobronchial lymph nodes, thorium-230 was suggested to be the 

cause of these cancers. 

A study in rats exposed via inhalation to thorium dioxide for 6 to 9 months assessed the 

frequency and histopathological type of lung tumors after a 21 month follow-up. Incidence 

and type of lung cancer depended on the radiation dose to the lungs. Reticulosarcoma was 

found at doses up to 1.5 Gy in 16% of the animals, and glandular tumors were found at doses 

of 10-27 Gy in all exposed animals. 

 

1.2. Oral exposure  
 
There are no studies in human following oral exposure to thorium. Only a few studies were 

conducted in animals and showed a lethal effect of thorium at high doses, no causes of death 

were reported. ATSDR reports a NOAEL (No Observed Adverse Effect Level) of 3043 mg 

Th/kg bw/d from a 4 months study conducted in 1959 in rats which ingested thorium nitrate. 

In a 4 months study from 1948 in mice exposed to 123 mg Th/kg bw/d as thorium nitrate in 

drinking water, 50 % of the treated animals and 10 % of the controls died. 

 

1.3. Dermal exposure 
 
There are no studies in human following dermal exposure to thorium.  

One study was conducted in rats in 1975. 132.5 to 529 mg/kg bw/d of thorium nitrate (= 2146 

Bq/kg) were applied for 15 days to the lateroabdominal and scrotal areas. Observed effects 

included dermal effects (mild hyper keratinisation, mild acanthosis at the highest exposure 

level), and reproductive effects (seminiferous tubule edema, abnormal sperm at the highest 

level of exposure). Because of the short delay of effect appearance, they are probably due to 
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chemical rather than radiological toxicity of thorium. 529 mg Th/kg bw/d is a LOAEL 

(Lowest Observed Adverse Effect Level) for dermal and reproductive effects of thorium in 

rats. 

 

1.4. Other routes of exposure: iv with Thorotrast 
 
Many studies investigated the health effect of intravenous injection of Thorotrast®. This 

contrast medium is a 25% colloidal Th-232 dioxide suspension in aqueous dextrine. It was 

used between 1928 and 1955 in 50, 000 to 100, 000 patients worldwide. Activity of Th-232 in 

Thorotrast® is of 895.4 Bq/mL. 10 – 75 mL of Thorotrast®, corresponding to 129 – 962 

Bq/kg bw, was generally injected and toxic effects were found at all level of exposure. The 

toxic effects include formation of granulomas at injection site due to extravasation 4 – 6 y 

after, haematological (aplastic anemia, leukaemia, myelofibrosis) 20 y after treatment, and 

hepatic effects (tumors, cirrhosis) 25 – 30 y after. A positive relationship was found between 

the amount of Thorotrast® injected and the incidence of liver tumors.  

 

2. Additional non clinical studies 
 
A study (Kumar et al., 2008) on mice evaluated the impact of thorium nitrate intraperitoneally 

injected on liver function, oxidative stress and histological alterations in liver, femur, and 

spleen. Mice were administered 10 mg/kg bw/d for 30 days.  

- The average weight of liver and body decreased by 25% during exposure to Th (24 g at day 

0 and 18 g at day 30). Liver weight in Th group was significantly lower than control. Alanine 

transaminase (ALT) and alkaline phosphatase (AP) activities were increased in Th group, the 

rise was higher in ALT activity than in AP activity (2.8 fold and 1.69 fold respectively).  

- The activity of antioxidant enzymes, superoxide dismutase (SOD) and catalase (CAT), 

decreased in the investigated organs and tissues. At transcriptional level, the amounts of CAT 

mRNA and Mn-SOD mRNA were higher than control. The level of CuZn-SOD remained 

unchanged. CuZn-SOD is a cytosolic enzyme where as Mn-SOD is a mitochondrial enzyme. 

Lipid peroxidation (LPO) is involved in the reaction of oxygen-derived radicals with 

membrane lipids to form free radicals intermediates and peroxides. In thorium treated 

animals, LPO level was higher in liver (x2.75), femur (x2.5), and spleen (x1.55). Like other 

oxidative parameters, protein carbonylation increased by 2 fold in the liver of Th group.  
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- The Comet test was realised on hepatocytes and indicated that thorium induces DNA 

damage. 

- Histopathology of tissues revealed a lymphocytic infiltration in liver, a macrophage 

infiltration in spleen, and that bone marrow nucleated cells were decreased and the capillaries 

were enlarged and split. The concentration of thorium was 27% of total injected in liver, 24% 

in femur and 9.5% in spleen.  

A negative correlation was found between Th accumulation and antioxidant enzyme activities 

(coefficient -0.98). Thorium significantly altered liver function and induced oxidative stress 

possibly by decreasing antioxidant enzymes (SOD and CAT) activities/expressions and 

enhancing lipid peroxidation in liver, femur, and spleen of mice.  

 

Kumar et al. (2009) also investigated the neurobehavioural and neurochemical changes in 

mice at sub-lethal doses. Mice were injected 10 mg/kg bw/d of thorium nitrate for 30 days. 

Th-232 in mice caused neurobehavioural alteration and impairment of cholinergic function, 

which are possible consequences of oxidative stress. Accumulation of Th-232 in brain was as 

follows: cerebellum (1.2%) > cortex (0.8%) > hippocampus (0.66%) > striatum (0.4%) of the 

total injected. Thorium was not homogenously distributed in these regions. Lipid peroxidation 

and acetyl cholinesterase activities were increased, and SOD and CAT activities were 

decreased. A correlation was found between Th-232 accumulation in brain areas and AChE 

and SOD/CAT activities. Learning and memory-based neurobehaviour were impaired.  

 

VIII – Treatments 
 

According to the Guidebook for the Treatment of Accidental Contaminations of Workers 

(Bhattacharyya et al., 1992) and the Generic procedures for medical response during a 

nuclear or radiological emergency (IAEA, 2005), the recommended treatment for thorium 

contamination is DTPA. This guidebook also identified the development of treatment 

regimens for incorporated thorium as a priority for future research. Animal studies have 

shown a low efficacy of DTPA in various contamination and treatment protocols. 3,4,3-

Li(1,2-HOPO) seems to be the most effective chelating agent after inhalation or wound 

contamination (Stradling et al., 2000a).  

 

 35



1. Lack of efficacy of DTPA 
 
Evidence from animal experiments suggests that DTPA will be ineffective after inhalation of 

Th-232 when the mass concentration of Th in the lungs represents acute human exposure to 

the previous legal value of Annual Limit of Intake (ALI) for the isotope (4.2 µg) (Stradling et 

al., 2000b). Treatment with DTPA was moderately effective in the rat after intravenous, 

subcutaneous or intramuscular contamination, even when treatment was administered 

promptly (Stradling et al., 2000a), (Peter-Witt & Volf, 1984), (Rencova et al., 2003). 

 

2. Comparison of LiHOPO and DTPA for thorium decorporation 
 
Experiments have been carried out to assess efficacy of DTPA and LiHOPO when the lung 

deposit of Th (4 ng) in the rat lung simulated acute exposures by workers to 3x106 and 50 

times the ALIs for Th-228 and Th-230, respectively. The repeated administration of LiHOPO 

was more effective than DTPA, the body content being reduced by 7 days to 17 and 78% of 

those of controls, respectively. However, for a mass concentration which simulates the ALI 

for Th-232 (4.2 µg Th), the efficacy is substantially reduced (see table 10). In practice, 

chelation treatment is unlikely to be considered for intakes less than 200 mSv or 10 times the 

ALI. Consequently, no effective regimens exist currently for Th-232 (Stradling et al., 2000b). 

The efficacy of LiHOPO for treating lung contamination has been confirmed by Rencova et 

al. (1998). When LiHOPO was associated to CaDTPA, greater decorporation was achieved 

than with CaDTPA alone. 

 
Table 10 : Total body retention of Th inhaled as nitrate after administration of 3,4,3-Li(1,2-HOPO) and 
DTPA (from Stradling et al., 1998) 
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After intramuscular injection of Th-228 as nitrate and repeated administration of the chelating 

agents starting 30 min after exposure, the amounts of Th retained in the body by 7 days were 

about 4 times less with LiHOPO than with DTPA. Efficacy decreased with delayed treatment. 

Body content of Th was the 1.5 to 2 times less with LiHOPO than with DTPA when treatment 

started 1 day after exposure (Stradling et al., 1995) (see table 11). 

 
Table 11 : Total body retention of Th injected intramuscularly as nitrate after administration of 3,4,3-
LiHOPO and DTPA (from Stradling et al., 2000b) 

 
LiHOPO is more effective than DTPA for Th decorporation when the mass of the element is 

likely to be low, e.g. Th-228 or Th-230.  

The removal of Th-232 from the body remains an outstanding problem according to Stradling 

et al.(2000b; 1998). 
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IX – Summary of Reference Values 
 

1. Reference values and guidance level in foods and drinking water 
 

1.1. Reference values for concentrations of Th-232 in foods and drinking water, and 
consecutive intake 

 

 

 Concentration of Th-232 (mBq/kg) 

Milk products 0.3 

Meat products 1 

Grain products 3 

Leafy vegetables 15 

Root vegetables and fruits 0.5 

Fish products 10 

Drinking water 0.05 

UNSCEAR (2000) selected reference values for concentrations of naturally occurring 

radionuclides in foods and drinking water, and for the annual intake of those radionuclides in 

diet. It is noticeable that these values were derived from a wide range of reported 

concentrations and intakes. Data vary because of different background levels of radionuclides 

and agricultural conditions for concentrations in foods, and dietary habits for intakes. 

The annual intake of Th-232 in diet is of 1.7 Bq/y, which corresponds to 4.6 mBq/d. Daily 

intake of Th-232 through diet is estimated to be 12.3 mBq (= 3.0 µg) by the ICRP (ICRP, 

1975).  

 

1.2. Guidance levels for radionuclides in drinking-water 
 

The recommended reference level of committed effective dose from drinking-water according 

to the WHO is 0.1 mSv/y (WHO, 2004). The corresponding activity concentration value for 

Th-232 is 1 Bq/L. This guidance level is based on the reference dose level of 0.1 mSv/y, the 

dose coefficient for ingestion by adults, and an annual consumption of drinking-water of 730 

L. The reference dose level corresponds to 10 % of the intervention exemption level 
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recommended by the ICRP for dominant commodities for prolonged exposure situations, and 

also to 10 % of the dose limit for members of the population. 

 

2. Toxicological values 
 

2.1. NOAEL after ingestion 
 
ATSDR (1990) reports a NOAEL (No Observed Adverse Effect Level) of 3043 mg Th/kg 

bw/d from a 4 months study in rats which ingested thorium nitrate. 

 

2.2. Effective dose coefficient for intakes of thorium isotopes by workers (Sv/Bq) (from 
ICRP, 1994) 

 
  Inhalation, einh(50) Ingestion 

Isotopes Half-life 
(y) 

Type 1 µm 
AMAD 

5 µm 
AMAD 

fA eing(50) 

Th-228 1.9 M 
S 

3.1x10-5 
3.9 x10-5 

2.3 x10-5 
3.2 x10-5 

5.0x10-4 

2.0x10-4 
7.0 x10-8 
3.5 x10-8 

Th-230 7.7x104 M 
S 

4.0 x10-5 
1.3 x10-5 

2.8 x10-5 
7.2 x10-5 

5.0x10-4 

2.0x10-4 
2.1 x10-7 
8.7 x10-8 

Th-232 1.4x1010 M 
S 

4.2 x10-5 
2.3 x10-5 

2.9 x10-5 
1.2 x10-5 

5.0x10-4 

2.0x10-4 
2.2 x10-7 
9.2 x10-8 

AMAD: Activity Median Aerodynamic Diameter. Fifty percent of the activity in the aerosol 
is associated with particles of aerodynamic diameter greater than the AMAD. 
 

The dose coefficients (in Sv/Bq) for thorium isotopes correspond to the committed effective 

dose, E(50), resulting from the intake of 1 Bq of that isotope. 

 

3. Emergency cases intervention values: Protective Action Criteria  
 
(DOE, 2009) 
 
Protective Action Criteria (PAC) are designed for chemical emergencies planning and 

response. They are based on the following exposure limit values: 

- Acute Exposure Guideline Level (AEGL) published by the US EPA 

- Emergency Response Planning Guideline (ERPG) produced by the American 

Industrial Hygiene Association (AIHA) 
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- Temporary Emergency Exposure Limit (TEEL) developed by the Subcommittee on 

Consequence Assessment and Protective Actions (SCAPA), which belong to the US 

DOE. 

Four PAC benchmarks are provided for each chemical and stand for a level of exposure 

corresponding to an increasingly severe effect: 

0 – no adverse health effects 

1 – mild, transient health effects 

2 – irreversible or other serious health effects that could impair ability to take protective 

action 

3 – life-threatening health effects 

AEGL and ERPG are developed by an extensive review of toxicological data, but the number 

of chemicals evaluated is limited. In order to provide values for an extended number of 

chemicals, TEELs are produced using secondary data sources. TEELs are considered 

temporary and are subject to change when better information becomes available. 

For Thorium and its compounds, only TEELs are available (see table 12). 

 
Table 12 : PAC for thorium and its compounds  

Chemical PACs (mg/m3) Source of PACs 
 TEEL-0 PAC-1 PAC-2 PAC-3  
Thorium 0.35 1 6 35 Mammal TCL0 
Thorium hydroxide 0.75 0.75 2.5 75 SAR 
Thorium nitrite 0.05 0.125 0.75 75 SAR 
Thorium oxalate 42.1 126 210 500 T-0 based on, DRL 

for Th 
Thorium oxide; 
(Thorium dioxide) 25 75 500 500 

Human intra-
arterial TDL0, rat 

it LD-50 minimum 
Thorium perchlorate 31.4 94.3 157 500 T-0 based on, DRL 

for Th 
Thorium (IV) nitrate 0.75 2 15 25 Rat sc TDL0, rat ip 

LD50 
DRL: Diagnostic Reference level 
SAR: Structure Activity Relationships 
TCL0: Lowest Toxic Concentration  
TDL0: Lowest Toxic Dose  
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X – Comments 
 
 

Thorium is found in multiple industrial uses. Although concentrations of thorium are usually 

low, the number of products concerned is quite high and the presence of Th in these products 

is not always known. This raises two issues: one is the question of wastes, and the other is the 

potential exposure of workers or the general population who may be in contact with thorium 

containing materials.  

A rising issue concerns exposure to thoron or Rn-220, a decay product of Th-232 with a half-

life of 55 seconds. Thoron progeny include Pb-212, Bi-212 and Po-212. Data are lacking 

compared to radon (Rn-222) since thoron is usually included in the radon risk. This raises the 

question of the differentiation of the two isotopes, Rn-220 and Rn-222, in terms of 

measurement and of health impact.  

Only few studies have been interested in thorium. Little is known about its toxicity, except 

concerning outcomes of its previous medical use.  

The recommended treatment for incorporated thorium is DTPA (Bhattacharyya et al., 1992), 

(IAEA, 2005). But it must be noticed that no established treatment regimen exists in case of 

contamination, and future research is needed in this field.  

Interest in thorium may increase with the development and testing of thorium nuclear fuel in 

Russia and India. 
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