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Iodine

� Iodine is a trace element that is naturally present in the environment and some foods.
� Iodine is a volatile halogen that occurs mainly in oxidation states I, 0, and V. 
� The most common chemical forms of iodine in solution are the iodide (I–) and the iodate (IO3–). 
� The body needs iodine to make thyroid hormones. These hormones control the body’s metabolism and 

many other important functions. 

� In industries, research and medicine iodine may be encountered in a variety of chemical and physical 
forms, including 
� organic compounds
� vapours and gases
� particulate forms. 
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Isotopes of iodine

� Twenty-four isotopes of iodine, with mass numbers from 117 to 140 have 
been identified. All except 127I are radioactive, with physical half-lives 
ranging from 1 s (140I) to 16 × 106 y (129I). 

� Radioisotopes of iodine with mass numbers 129 and 131 through 140 are 
produced in fission, largely as fission fragment decay products. 

� 131I, 129I, and 132I (progeny of 132Te) are the three main iodine fission 
products that are released from reactor accidents and are present in 
fragments of irradiated fuels. 

� The low-mass radioisotopes of iodine (117I to 126I and 130I) are not fission 
products.

� 123I and 125I are used in medicine as tracers for imaging and evaluating the 
function of the thyroid, and 131I is used in medicine for the treatment of 
thyroid cancer. 

� The heavier radioisotopes of iodine, with mass numbers 136 to 140, are 
produced in abundance during fission but their short physical half-lives 
(1.5 to 86 s) result in their decay to isotopes of xenon, cesium, barium and 
lanthanum in the time required for transport to and internalization by an 
individual. 

� Iodine-127 is the end-product of a low-yield fission fragment decay chain 
and is stable and, therefore, radiobiologically inconsequential. 
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Public exposure. 
Accidents at Chornobyl and Fukushima Daiichi NPPs (UNSCEAR 2020/21)
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Stable iodine intake

� Ingested iodine is rapidly absorbed from the stomach and intestine and, once in the circulation, it becomes 
available for uptake into the thyroid gland. 

� Iodine is largely recycled by the body after use of thyroid hormones by body tissues, but the body’s supply 
must be supplemented with dietary iodine due to losses in excreta. 

� The WHO recommends daily intake of 150 mg of iodine by adults, and 200 mg during pregnancy and 
lactation to ensure adequate production of thyroid hormones and prevention of goitre and hypothyroidism. 

� Extensive survey data on dietary and urinary iodine indicate that iodine intake is at or above recommended 
levels in much of the world but is mildly to severely deficient in many regions. 

� Daily intake of iodine is typically 30–40% lower in adult women than in men. 
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Thyroid gland

� The thyroid gland is the earliest endocrine glandular 
structure to appear in fetal development. Arising from 
a thickening in the anterior pharyngeal floor at 
gestational day 16, the thyroid descends into a normal 
position in the base of the neck by the second month 
of gestation.

� Synthesis of thyroglobulin has been detected as early 
as the fifth gestational week. By week 11, the gland is 
often functional with thyroid hormone detectable in 
fetal serum.

� It is located in front of the neck below the thyroid 
cartilage and consists of two lobes. 

� Glandular parenchyma consists of spherical follicles 
of various sizes (50–500 µm in diameter) whose total 
number may exceed 20 million. 

� Follicle lumina are filled with gelatinous colloid made 
of thyroglobulin.



Thyroglobulin and thyroid hormones
� Thyroglobulin is iodinated glycoprotein and is the temporary storage form and 

precursor to main thyroid hormones 
� triiodothyronine (T3) 
� tetraiodothyronine (thyroxine; T4). 

� Follicles are lined by simple cuboidal epithelium, which consists of thyroid follicular 
cells that rest on an inconspicuous basement membrane.

� Thyroid follicular cells are uniquely adapted to concentrate iodine and to incorporate 
it into thyroid hormone. 

� Thyroid hormones
� increase oxygen consumption and metabolic rates of most body tissues and are essential for 

normal growth, maturation, and mental activity. 
� must be maintained within an optimal range for normal development and health. 
� are composed mostly of iodine (65% of T4’s weight; 58% of T3’s weight) which is primarily 

derived from the diet. 
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Synthesis of the thyroid hormones

� Thyroglobulin is synthesized in the endoplasmic reticulum and follows 
the secretory pathway to enter the colloid in the lumen of the thyroid 
follicle by exocytosis.

� A sodium-iodide (Na/I) symporter pumps iodide (I−) actively into the 
cell and iodide enters the follicular lumen from the cytoplasm by the 
transporter pendrin.

� In the colloid, iodide (I−) is oxidized to iodine (I0) by enzyme thyroid
peroxidase.

� Iodine (I0) is very reactive and iodinates the thyroglobulin at tyrosyl 
residues in its protein chain, which in total containing approximately 
120 tyrosyl residues.

� In conjugation, adjacent tyrosyl residues are paired together.

� Thyroglobulin re-enters the follicular cell by endocytosis.
� Proteolysis by various proteases liberates T4 and T3 molecules.
� Efflux of T4 and T3 from follicular cells, largely through 

monocarboxylate transporter (MCT) and entry into the blood.
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Thyroid hormones are derivatives of 
the the amino acid tyrosine bound 
covalently to iodine.



Hypothalamic-pituitary-thyroid axis

� Thyroid hormone secretion is regulated by the 
hypothalamic-pituitary-thyroid axis.

� The hypothalamus produces thyrotropin releasing 
hormone (TRH), which stimulates the pituitary to secrete 
thyrotropin. 

� Thyrotropin, also called thyroid stimulating hormone 
(TSH), stimulates thyroid hormone synthesis and 
glandular secretion. 

� Both active thyroid hormones, T4 and T3, exert negative 
feedback upon the hypothalamus and the pituitary. 



Thyroid hormone deiodination

� Monodeiodination is the major pathway of thyroid hormone metabolism in 
humans.

� The sequential removal of iodine atoms can lead to either substrate activation or 
inactivation. 

� The prohormone T4 contains four iodine atoms, two on its “outer” phenolic ring 
and two on its “inner” tyrosyl ring. Removal of a single iodine atom from 
thyroxine’s outer ring converts it into the more biologically potent T3. This 
reaction is catalyzed by type 1 (D1) and 2 (D2) deiodinase enzymes.

� Inner-ring deiodination converts both T4 and T3 into inactive metabolites, rT3 
and T2 respectively. 

� While a small amount of T4 activation occurs in the thyroid gland itself, the vast 
majority of T4 to T3 conversion occurs in peripheral tissues and is catalyzed by 
both D1 and D2. 

� In the euthyroid state, D3-mediated inner-ring deiodination is responsible for 
inactivating 80% of daily thyroid hormone production.
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Human deiodinase enzymes
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Biokinetic model introduced by Riggs (1952) and used 
by ICRP Publications (1994, 1997) 

� One of the first “recycling” and physiologically 
oriented models.

� It is simple and calibrated for I-131 dosimetry.
� Not accurate for the prediction of the systemic 

kinetics and thyroid uptake during the day after 
intake.

� Underestimates thyroid doses from short-lived 
radioiodines, such as I-132.

� Difficult to adjust for non-reference individuals 
and stable iodine diet.
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Biokinetic model for dosimetry of embryo, foetus and breastfed infants 
introduced by Berkovski (1999, 2002) and used in ICRP Publications 88, 95 

� Physiologically-oriented model
� Calibrated for: 

� pregnancy
� post-partum lactation.

� Based on human and animal data
� Transfer coefficients are time-variable 

(depend on the gestation-stage).
� Properly model early kinetics and thyroid 

uptake.
� Adequate estimates of doses from short-lived 

radioiodines, such as I-132.
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Model introduced by Leggett (2010) and used 
in the ICRP OIR series
� Comprehensive physiological model
� Describes the biokinetic of systemic iodine in terms of three 

subsystems: 
� circulating (extrathyroidal) inorganic iodide;
� thyroidal iodine (trapping and organic binding of iodide, and 

synthesis, storage, and secretion of thyroid hormones); 
� extrathyroidal organic iodine. 

� Properly model early kinetics and thyroid uptake
� Adequate estimates of doses from short-lived radioiodines, 

such as I-132
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Examples of clinical data used in new model

Relationship of 24-h Uptake of Ingested Radioiodine by Thyroid (U) and Average Daily Urinary 
Excretion of Stable Iodine (E), Adult Subjects
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Rate of secretion of hormonal iodine as T4 in 
adult male humans. Data from various sources



Baseline parameter values
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Extrathyroidal inorganic iodide

� The modelled behaviour of extrathyroidal inorganic iodide is based on 
bioassay clinical data on 131I in young adult males during the first 3 h after 
intravenous injection. The following compartments are used:
� a compartment representing iodide in blood plasma plus 

red blood cells, treated as a well-mixed pool (Blood 1); 
� salivary glands; 
� stomach wall; 
� Liver 1, representing iodide in liver; Kidneys 1, representing iodide in 

kidneys;
� Other 1, representing rapidly exchangeable iodide in extracellular fluids 

of extrathyroidal tissues other than kidneys and liver; 
� Other 2, representing slowly exchangeable iodide in extrathyroidal 

tissues other than kidneys and liver; and 
� a series of compartments representing different segments of the 

alimentary tract as represented in the HATM.
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Iodine in the thyroid

� The behaviour of iodine in the thyroid is described in terms of two 
compartments representing: 
� inorganic iodide (Thyroid 1)
� organic iodine (Thyroid 2). 

� Thyroid 1 receives iodide from Blood 1, feeds iodide to Thyroid 2, and leaks 
some iodide back to Blood 1. 

� Thyroid 2 converts iodide to organic iodine and transfers organic iodine into 
the blood organic iodine pool (Blood 2). 

� An arrow representing leakage of activity from Thyroid 2 into Blood 1 is 
included for application of the model to subject with unusually high dietary 
iodine, but the baseline transfer coefficient from Thyroid 2 to Blood 1 is set 
to zero. 
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Extrathyroidal organic iodine

� The modelled behaviour of extrathyroidal organic iodine is an extension of 
a model of extrathyroidal T4 kinetics developed by Nicoloff and Dowling 
(1968) from measurements of 131I-labelled T4 in 13 healthy human subjects 
(seven women and six men). 

� The present model adds a compartment representing organic iodine in the 
kidneys, and assumed to have the same rate of exchange with blood plasma 
per gram of tissue as does the liver. 

� The following compartments are used to describe the behaviour of 
extrathyroidal organic iodine: 
� Blood 2, representing thyroid hormones bound to plasma proteins; 
� Liver 2, representing organic iodine in liver; 
� Kidneys 2, representing organic iodine in kidneys; 
� Other 3, representing rapidly exchangeable organic iodine in extracellular 

fluids of extrathyroidal tissues other than kidneys and liver; and 
� Other 4, representing slowly exchangeable organic iodine in extrathyroidal 

tissues other than kidneys and liver.
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Thyroid content and daily urinary excretion 
following inhalation of 1 Bq elemental iodine

131I
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Comparison of Absorbed Dose per Unit Intake of Radioiodine by an Adult 
Male Based on the ICRP OIR Model and the previous ICRP Model (Leggett, 
2010)
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