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Thyroid
The thyroid gland, or simply the thyroid, is an endocrine gland in the neck, consisting of two lobes connected by an
isthmus. It is found at the front of the neck, below the Adam's apple. The thyroid gland secretes thyroid hormones, which
primarily influence the metabolic rate and protein synthesis. The hormones also have many other effects including those
on development. The thyroid hormones triiodothyronine (T3) and thyroxine (T4) are created from iodine and tyrosine. The
thyroid also produces the hormone calcitonin, which plays a role in calcium homeostasis.[1]

Hormonal output from the thyroid is regulated by thyroid-stimulating hormone (TSH) secreted from the anterior pituitary
gland, which itself is regulated by thyrotropin-releasing hormone (TRH) produced by the hypothalamus.[2]

The thyroid may be affected by several diseases. Hyperthyroidism occurs when the gland produces excessive amounts of
thyroid hormones, the most common cause being Graves' disease, an autoimmune disorder. In contrast, hypothyroidism is
a state of insufficient thyroid hormone production. Worldwide, the most common cause is iodine deficiency. Thyroid
hormones are important for development, and hypothyroidism secondary to iodine deficiency remains the leading cause of
preventable intellectual disability.[3] In iodine-sufficient regions, the most common cause of hypothyroidism is Hashimoto's
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thyroiditis, also an autoimmune disorder. In addition, the thyroid gland may also develop several types of nodules and
cancer.

Development
In the development of the embryo, at 3–4 weeks gestational age, the thyroid gland appears as an epithelial proliferation in
the floor of the pharynx at the base of the tongue between the tuberculum impar and the copula linguae. The copula soon
becomes covered over by the hypopharyngeal eminence [17] at a point later indicated by the foramen cecum. The thyroid
then descends in front of the pharyngeal gut as a bilobed diverticulum through the thyroglossal duct. Over the next few
weeks, it migrates to the base of the neck, passing in front of the hyoid bone. During migration, the thyroid remains
connected to the tongue by a narrow canal, the thyroglossal duct. At the end of the fifth week the thyroglossal duct
degenerates and the detached thyroid continues on to its final position over the following two weeks.[17]

The fetal hypothalamus and pituitary start to secrete thyrotropin-releasing hormone (TRH) and thyroid-stimulating
hormone (TSH). TSH is first measurable at 11 weeks.[18] By 18–20 weeks, the production of thyroxine (T4) reaches a
clinically significant and self-sufficient level.[18][19] Fetal triiodothyronine (T3) remains low, less than 15 ng/dL until 30
weeks, and increases to 50 ng/dL at full-term.[19] The fetus needs to be self-sufficient in thyroid hormones in order to
guard against neurodevelopmental disorders that would arise from maternal hypothyroidism.[20] The presence of
sufficient iodine is essential for healthy neurodevelopment.[21]
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The neuroendocrine parafollicular cells, also known as C cells, responsible for the production of calcitonin, are derived from
neural crest cells, which migrate to the pharyngeal arches. This part of the thyroid then first forms as the ultimopharyngeal
body, which begins in the ventral fourth pharyngeal pouch and joins the primordial thyroid gland during its descent to its
final location.[22]

Aberrations in prenatal development can result in various forms of thyroid dysgenesis which can cause congenital
hypothyroidism, and if untreated this can lead to cretinism.[18]

Gene and protein expression

Further information: Bioinformatics § Gene and protein expression

About 20,000 protein coding genes are expressed in human cells and 70% of these genes are expressed in the normal
thyroid.[43][44] Some 250 of these genes are more specifically expressed in the thyroid with about 20 genes being highly
thyroid specific. The corresponding specific proteins are mainly involved in thyroid hormone synthesis, such as
thyroglobulin, TPO and IYD, and expressed in follicular cells. Other proteins elevated in the thyroid are calcitonin related
proteins such as CALCA and CALCB, expressed in the parafollicular c-cells.

History
The presence and diseases of the thyroid have been noted and treated for thousands of years, although the gland itself
has only been described and named since the renaissance.[87] The first recorded mention of the thyroid is in terms of
goitre in Chinese texts circa 2700 BCE, of which there is general agreement.[87][88] In 1600 BCE burnt sponge and
seaweed were used within China for the treatment of goitres, a practice which has developed in many parts of the
world.[87][88] In Ayurvedic medicine, the book Sushruta Samhita written about 1400 BCE describes hyperthyroidism,
hypothyroidism and goitre.[88] Aristotle and Xenophon in the fifth century BCE describe cases of Grave's disease, which
receives its name over two millennia later owing to descriptions provided by Robert James Graves in 1834,[88] Hippocrates
and Plato in the fourth century BCE provided some of the first descriptions of the gland itself, proposing its function as a
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salivary gland.[88] Pliny the Elder in the first century BCE referred to epidemics of goitre in the Alps and proposed
treatment with burnt seaweed,[87] a practice also referred to by Galen in the second century, referred to burnt sponge for
the treatment of goitre.[87]
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In 1500 polymath Leonardo da Vinci provides the first illustration of the thyroid.[87] In 1543 Anatomist Andreas Vesalius
gave the first anatomic description and illustration of the gland.[87] In 1656 the thyroid received its name, by the
anatomist Thomas Wharton.[87] The gland was named thyroid, meaning shield, as its shape resembled the shields
commonly used in Ancient Greece.[87] The English name thyroid gland[89] is derived from the medical Latin used by
Wharton – glandula thyreoidea.[90] Glandula means gland in Latin,[91] and thyreoidea can be traced back to the Ancient
Greek word θυρεοειδής, meaning shield-like/shield-shaped.[92]

French chemist Bernard Courtois discovered Iodine in 1811,[88] and in 1896 Eugen Baumann documented it as the central
ingredient in the thryoid gland. He did this by boiling the thyroid glands of a thousand sheep, and named the precipitate, a
combination of the thyroid hormones, 'iodothyrin'.[88] David Marine in 1907 provided iodine is necessary for thyroid
function.[88][87] Thyroxine itself was first isolated in 1914 and synthesized in 1927, and trirodothyroxine in 1952.[88][93]
The conversion of T4 to T3 was discovered in 1970.[87] The process of discovering TSH took place over the early to mid
twentieth century.[94] TRH was discovered by Polish endocrinologist Andrew Schally in 1970, contributing in part to his
Nobel Prize in Medicine in 1977.[87][95]https://en.wikipedia.org/wiki/Thyroid#/media/
File:The_thyroid_gland_in_health_and_disease_(1917)_(14780977681).jpg

Either Aetius in the sixth century CE[88] or Persian Ali ibn Abbas al-Magusi in 990 CE conducted the first recorded
thyroidectomy as a treatment for goitre.[87][96] Operations remained risky and generally were not successful until the
19th century, when descriptions emerged from a number of authors including Prussian surgeon Theodor Billroth, Swiss
surgeon and physiologist Theodor Kocher, American physician Charles Mayo, William Halsted and George Crile. These
descriptions provided the basis for modern thyroid surgery.[97] Theodor Kocher went on to win the Nobel Prize in
Physiology or Medicine in 1909 "for his work on the physiology, pathology and surgery of the thyroid gland".[98]

Numerous authors described cretinism, myxoedema their relationship with the thyroid in the nineteenth century.[88]
Charles Mayo coined the term hyperthyroidism in 1910,[87] Hakaru Hashimoto documented a case of Hashimoto's
thyroiditis in 1912, and autoantibodies were demonstrated in 1956.[88] Knowledge of the thyroid and its conditions
developed throughout the late nineteenth and twentieth centuries, with many modern treatments and investigative
modalities evolving throughout the mid twentieth century, including the use of radioactive iodine, thiouracil and fine
needle aspiration.[87]

Other animals
The thyroid gland is found in all vertebrates. In fish, it is usually located below the gills and is not always divided into
distinct lobes. However, in some teleosts, patches of thyroid tissue are found elsewhere in the body, associated with the
kidneys, spleen, heart, or eyes.[99]

In tetrapods, the thyroid is always found somewhere in the neck region. In most tetrapod species, there are two paired
thyroid glands – that is, the right and left lobes are not joined together. However, there is only ever a single thyroid gland
in most mammals, and the shape found in humans is common to many other species.[99]

In larval lampreys, the thyroid originates as an exocrine gland, secreting its hormones into the gut, and associated with the
larva's filter-feeding apparatus. In the adult lamprey, the gland separates from the gut, and becomes endocrine, but this
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path of development may reflect the evolutionary origin of the thyroid. For instance, the closest living relatives of
vertebrates, the tunicates and Amphioxus, have a structure very similar to that of larval lampreys (the endostyle), and this
also secretes iodine-containing compounds (albeit not thyroxine).[99]

Thyroxine is critical to the regulation of metabolism and growth throughout the animal kingdom. For example, Iodine and
T4 trigger the change from a plant-eating water-dwelling tadpole into a meat-eating land-dwelling frog, with better
neurological, visuospatial, smell and cognitive abilities for hunting, as seen in other predatory animals. A similar
phenomenon happens in the neotenic amphibian salamanders, which, without introducing iodine, don't transform into
land-dwelling adults, and live and reproduce in the larval form of aquatic axolotl. Among amphibians, administering a
thyroid-blocking agent such as propylthiouracil (PTU) can prevent tadpoles from metamorphosing into frogs; in contrast,
administering thyroxine will trigger metamorphosis. In amphibian metamorphosis, thyroxine and iodine also exert a well-
studied experimental model of apoptosis on the cells of gills, tail, and fins of tadpoles. Iodine, via iodolipids, has favored
the evolution of terrestrial animal species and has likely played a crucial role in the evolution of the human brain.
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Thyroid
The thyroid gland, or simply the thyroid, is an endocrine gland in the neck, consisting of two lobes connected by an
isthmus. It is found at the front of the neck, below the Adam's apple. The thyroid gland secretes thyroid hormones, which
primarily influence the metabolic rate and protein synthesis. The hormones also have many other effects including those
on development. The thyroid hormones triiodothyronine (T3) and thyroxine (T4) are created from iodine and tyrosine. The
thyroid also produces the hormone calcitonin, which plays a role in calcium homeostasis.[1]

Hormonal output from the thyroid is regulated by thyroid-stimulating hormone (TSH) secreted from the anterior pituitary
gland, which itself is regulated by thyrotropin-releasing hormone (TRH) produced by the hypothalamus.[2]

The thyroid may be affected by several diseases. Hyperthyroidism occurs when the gland produces excessive amounts of
thyroid hormones, the most common cause being Graves' disease, an autoimmune disorder. In contrast, hypothyroidism is
a state of insufficient thyroid hormone production. Worldwide, the most common cause is iodine deficiency. Thyroid
hormones are important for development, and hypothyroidism secondary to iodine deficiency remains the leading cause of
preventable intellectual disability.[3] In iodine-sufficient regions, the most common cause of hypothyroidism is Hashimoto's
thyroiditis, also an autoimmune disorder. In addition, the thyroid gland may also develop several types of nodules and
cancer.

Development
In the development of the embryo, at 3–4 weeks gestational age, the thyroid gland appears as an epithelial proliferation in
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the floor of the pharynx at the base of the tongue between the tuberculum impar and the copula linguae. The copula soon
becomes covered over by the hypopharyngeal eminence [17] at a point later indicated by the foramen cecum. The thyroid
then descends in front of the pharyngeal gut as a bilobed diverticulum through the thyroglossal duct. Over the next few
weeks, it migrates to the base of the neck, passing in front of the hyoid bone. During migration, the thyroid remains
connected to the tongue by a narrow canal, the thyroglossal duct. At the end of the fifth week the thyroglossal duct
degenerates and the detached thyroid continues on to its final position over the following two weeks.[17]

The fetal hypothalamus and pituitary start to secrete thyrotropin-releasing hormone (TRH) and thyroid-stimulating
hormone (TSH). TSH is first measurable at 11 weeks.[18] By 18–20 weeks, the production of thyroxine (T4) reaches a
clinically significant and self-sufficient level.[18][19] Fetal triiodothyronine (T3) remains low, less than 15 ng/dL until 30
weeks, and increases to 50 ng/dL at full-term.[19] The fetus needs to be self-sufficient in thyroid hormones in order to
guard against neurodevelopmental disorders that would arise from maternal hypothyroidism.[20] The presence of
sufficient iodine is essential for healthy neurodevelopment.[21]
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The neuroendocrine parafollicular cells, also known as C cells, responsible for the production of calcitonin, are derived from
neural crest cells, which migrate to the pharyngeal arches. This part of the thyroid then first forms as the ultimopharyngeal
body, which begins in the ventral fourth pharyngeal pouch and joins the primordial thyroid gland during its descent to its
final location.[22]

Aberrations in prenatal development can result in various forms of thyroid dysgenesis which can cause congenital
hypothyroidism, and if untreated this can lead to cretinism.[18]

Gene and protein expression

Further information: Bioinformatics § Gene and protein expression

About 20,000 protein coding genes are expressed in human cells and 70% of these genes are expressed in the normal
thyroid.[43][44] Some 250 of these genes are more specifically expressed in the thyroid with about 20 genes being highly
thyroid specific. The corresponding specific proteins are mainly involved in thyroid hormone synthesis, such as
thyroglobulin, TPO and IYD, and expressed in follicular cells. Other proteins elevated in the thyroid are calcitonin related
proteins such as CALCA and CALCB, expressed in the parafollicular c-cells.

History
The presence and diseases of the thyroid have been noted and treated for thousands of years, although the gland itself
has only been described and named since the renaissance.[87] The first recorded mention of the thyroid is in terms of
goitre in Chinese texts circa 2700 BCE, of which there is general agreement.[87][88] In 1600 BCE burnt sponge and
seaweed were used within China for the treatment of goitres, a practice which has developed in many parts of the
world.[87][88] In Ayurvedic medicine, the book Sushruta Samhita written about 1400 BCE describes hyperthyroidism,
hypothyroidism and goitre.[88] Aristotle and Xenophon in the fifth century BCE describe cases of Grave's disease, which
receives its name over two millennia later owing to descriptions provided by Robert James Graves in 1834,[88] Hippocrates
and Plato in the fourth century BCE provided some of the first descriptions of the gland itself, proposing its function as a
salivary gland.[88] Pliny the Elder in the first century BCE referred to epidemics of goitre in the Alps and proposed
treatment with burnt seaweed,[87] a practice also referred to by Galen in the second century, referred to burnt sponge for
the treatment of goitre.[87]
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In 1500 polymath Leonardo da Vinci provides the first illustration of the thyroid.[87] In 1543 Anatomist Andreas Vesalius
gave the first anatomic description and illustration of the gland.[87] In 1656 the thyroid received its name, by the
anatomist Thomas Wharton.[87] The gland was named thyroid, meaning shield, as its shape resembled the shields
commonly used in Ancient Greece.[87] The English name thyroid gland[89] is derived from the medical Latin used by
Wharton – glandula thyreoidea.[90] Glandula means gland in Latin,[91] and thyreoidea can be traced back to the Ancient
Greek word θυρεοειδής, meaning shield-like/shield-shaped.[92]

French chemist Bernard Courtois discovered Iodine in 1811,[88] and in 1896 Eugen Baumann documented it as the central
ingredient in the thryoid gland. He did this by boiling the thyroid glands of a thousand sheep, and named the precipitate, a
combination of the thyroid hormones, 'iodothyrin'.[88] David Marine in 1907 provided iodine is necessary for thyroid
function.[88][87] Thyroxine itself was first isolated in 1914 and synthesized in 1927, and trirodothyroxine in 1952.[88][93]
The conversion of T4 to T3 was discovered in 1970.[87] The process of discovering TSH took place over the early to mid
twentieth century.[94] TRH was discovered by Polish endocrinologist Andrew Schally in 1970, contributing in part to his
Nobel Prize in Medicine in 1977.[87][95]https://en.wikipedia.org/wiki/Thyroid#/media/
File:The_thyroid_gland_in_health_and_disease_(1917)_(14780977681).jpg

Either Aetius in the sixth century CE[88] or Persian Ali ibn Abbas al-Magusi in 990 CE conducted the first recorded
thyroidectomy as a treatment for goitre.[87][96] Operations remained risky and generally were not successful until the
19th century, when descriptions emerged from a number of authors including Prussian surgeon Theodor Billroth, Swiss
surgeon and physiologist Theodor Kocher, American physician Charles Mayo, William Halsted and George Crile. These
descriptions provided the basis for modern thyroid surgery.[97] Theodor Kocher went on to win the Nobel Prize in
Physiology or Medicine in 1909 "for his work on the physiology, pathology and surgery of the thyroid gland".[98]

Numerous authors described cretinism, myxoedema their relationship with the thyroid in the nineteenth century.[88]
Charles Mayo coined the term hyperthyroidism in 1910,[87] Hakaru Hashimoto documented a case of Hashimoto's
thyroiditis in 1912, and autoantibodies were demonstrated in 1956.[88] Knowledge of the thyroid and its conditions
developed throughout the late nineteenth and twentieth centuries, with many modern treatments and investigative
modalities evolving throughout the mid twentieth century, including the use of radioactive iodine, thiouracil and fine
needle aspiration.[87]

Other animals
The thyroid gland is found in all vertebrates. In fish, it is usually located below the gills and is not always divided into
distinct lobes. However, in some teleosts, patches of thyroid tissue are found elsewhere in the body, associated with the
kidneys, spleen, heart, or eyes.[99]

In tetrapods, the thyroid is always found somewhere in the neck region. In most tetrapod species, there are two paired
thyroid glands – that is, the right and left lobes are not joined together. However, there is only ever a single thyroid gland
in most mammals, and the shape found in humans is common to many other species.[99]

In larval lampreys, the thyroid originates as an exocrine gland, secreting its hormones into the gut, and associated with the
larva's filter-feeding apparatus. In the adult lamprey, the gland separates from the gut, and becomes endocrine, but this
path of development may reflect the evolutionary origin of the thyroid. For instance, the closest living relatives of
vertebrates, the tunicates and Amphioxus, have a structure very similar to that of larval lampreys (the endostyle), and this
also secretes iodine-containing compounds (albeit not thyroxine).[99]

Thyroxine is critical to the regulation of metabolism and growth throughout the animal kingdom. For example, Iodine and
T4 trigger the change from a plant-eating water-dwelling tadpole into a meat-eating land-dwelling frog, with better
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neurological, visuospatial, smell and cognitive abilities for hunting, as seen in other predatory animals. A similar
phenomenon happens in the neotenic amphibian salamanders, which, without introducing iodine, don't transform into
land-dwelling adults, and live and reproduce in the larval form of aquatic axolotl. Among amphibians, administering a
thyroid-blocking agent such as propylthiouracil (PTU) can prevent tadpoles from metamorphosing into frogs; in contrast,
administering thyroxine will trigger metamorphosis. In amphibian metamorphosis, thyroxine and iodine also exert a well-
studied experimental model of apoptosis on the cells of gills, tail, and fins of tadpoles. Iodine, via iodolipids, has favored
the evolution of terrestrial animal species and has likely played a crucial role in the evolution of the human brain.
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pituitary gland, which itself is regulated by thyrotropin-releasing hormone (TRH) produced by the
hypothalamus.[2]
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The thyroid gland, or simply the thyroid, is an endocrine gland in the neck, consisting of two lobes connected by
an isthmus. It is found at the front of the neck, below the Adam's apple. The thyroid gland secretes thyroid
hormones, which primarily influence the metabolic rate and protein synthesis. The hormones also have many
other effects including those on development. The thyroid hormones triiodothyronine (T3) and thyroxine (T4) are
created from iodine and tyrosine. The thyroid also produces the hormone calcitonin, which plays a role in
calcium homeostasis.[1]
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Iodine-131
Iodine-131 (131I) is an important radioisotope of iodine discovered by Glenn Seaborg and John Livingood in 1938 at the
University of California, Berkeley.[1] It has a radioactive decay half-life of about eight days. It is associated with nuclear
energy, medical diagnostic and treatment procedures, and natural gas production. It also plays a major role as a
radioactive isotope present in nuclear fission products, and was a significant contributor to the health hazards from open-
air atomic bomb testing in the 1950s, and from the Chernobyl disaster, as well as large fraction of the contamination
hazard in the first weeks in the Fukushima nuclear crisis. This is because I-131 is a major fission product of uranium and
plutonium, comprising nearly 3% of the total products of fission (by weight). See fission product yield for a comparison with
other radioactive fission products. I-131 is also a major fission product of uranium-233, produced from thorium.

Due to its mode of beta decay, iodine-131 is notable for causing mutation and death in cells that it penetrates, and other
cells up to several millimeters away. For this reason, high doses of the isotope are sometimes less dangerous than low
doses, since they tend to kill thyroidtissues that would otherwise become cancerous as a result of the radiation. For
example, children treated with moderate dose of I-131 for thyroid adenomas had a detectable increase in thyroid cancer,
but children treated with a much higher dose did not.[citation needed] Likewise, most studies of very-high-dose I-131 for
treatment of Graves disease have failed to find any increase in thyroid cancer, even though there is linear increase in
thyroid cancer risk with I-131 absorption at moderate doses.[2] Thus, iodine-131 is increasingly less employed in small
doses in medical use (especially in children), but increasingly is used only in large and maximal treatment doses, as a way
of killing targeted tissues. This is known as "therapeutic use."

Iodine-131 can be "seen" by nuclear medicine imaging techniques (i.e., gamma cameras) whenever it is given for
therapeutic use, since about 10% of its energy and radiation dose is via gamma radiation. However, since the other 90% of
radiation (beta radiation) causes tissue damage without contributing to any ability to see or "image" the isotope, other
less-damaging radioisotopes of iodine such as iodine-123 (see isotopes of iodine) are preferred in situations when only
nuclear imaging is required. The isotope I-131 is still occasionally used for purely diagnostic (i.e., imaging) work, due to its
low expense compared to other iodine radioisotopes. Very small medical imaging doses of I-131 have not shown any
increase in thyroid cancer. The low-cost availability of I-131, in turn, is due to the relative ease of creating I-131 by neutron
bombardment of natural tellurium in a nuclear reactor, then separating I-131 out by various simple methods (i.e., heating
to drive off the volatile iodine). By contrast, other iodine radioisotopes are usually created by far more expensive
techniques, starting with reactor radiation of expensive capsules of pressurized xenon gas.

Iodine-131
Complete table of nuclides

General

Name, symbol Radioiodine, 131I

Neutrons 83

Protons 53
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Iodine-131
Complete table of nuclides

Nuclide data

Half-life 8.0197 days

Isotope mass 130.9061246(12) u

Excess energy 971 keV

Iodine-131 is also one of the most commonly used gamma-emitting radioactive industrial tracer. Radioactive tracer
isotopes are injected with hydraulic fracturing fluid to determine the injection profile and location of fractures created by
hydraulic fracturing.[3]

Much smaller incidental doses of iodine-131 than those used in medical therapeutic procedures, are supposed by some
studies to be the major cause of increased thyroid cancersafter accidental nuclear contamination. These studies suppose
that cancers happen from residual tissue radiation damage caused by the I-131, and should appear mostly years after
exposure, long after the I-131 has decayed.[4][5] Other studies can't find a correlation.[6][7]

Production
Most I-131 production is from nuclear reactor neutron-irradiation of a natural tellurium target. Irradiation of natural
tellurium produces almost entirely I-131 as the only radionuclide with a half-life longer than hours, since most lighter
isotopes of tellurium become heavier stable isotopes, or else stable iodine or xenon. However, the heaviest naturally
occurring tellurium nuclide, Te-130 (34% of natural Te) absorbs a neutron to become tellurium-131, which beta-decays with
a half-life of 25 minutes, to I-131.

A tellurium compound can be irradiated while bound as an oxide to an ion exchange column, and evolved I-131 then eluted
into an alkaline solution.[8] More commonly, powdered elemental tellurium is irradiated and then I-131 separated from it
by dry distillation of the iodine, which has a far higher vapor pressure. The element is then dissolved in a mildly alkaline
solution in the standard manner, to produce I-131 as iodide and hypoiodate (which is soon reduced to iodide).[9]

131I is a fission product with a yield of 2.878% from uranium-235,[10] and can be released in nuclear weapons tests and
nuclear accidents. However, the short half-life means it is not present in significant quantities in cooled spent nuclear fuel,
unlike iodine-129 whose half-life is nearly a billion times that of I-131.

It is discharged to the atmosphere in small quantities by some nuclear power plants.[11]

Radioactive decay
I-131 decays with a half-life of 8.02 days with beta minus and gamma emissions. This nuclide of iodine has 78 neutrons in
its nucleus, while the only stable nuclide, 127I, has 74. On decaying, 131I most often (89% of the time) expends its 971
keV of decay energy by transforming into the stable 131Xe (Xenon) in two steps, with gamma decay following rapidly after
beta decay:

The primary emissions of 131I decay are thus electrons with a maximal energy of 606 keV (89% abundance, others
248–807 keV) and 364 keV gamma rays (81% abundance, others 723 keV).[12] Beta decay also produces an antineutrino,
which carries off variable amounts of the beta decay energy. The electrons, due to their high mean energy [1][13]



Effects of exposure
Iodine in food is absorbed by the body and preferentially concentrated in the thyroid where it is needed for the functioning
of that gland. When 131I is present in high levels in the environment from radioactive fallout, it can be absorbed through
contaminated food, and will also accumulate in the thyroid. As it decays, it may cause damage to the thyroid. The primary
risk from exposure to high levels of 131I is the chance occurrence of radiogenic thyroid cancer in later life. Other risks
include the possibility of non-cancerous growths and thyroiditis.[2]

The risk of thyroid cancer in later life appears to diminish with increasing age at time of exposure. Most risk estimates are
based on studies in which radiation exposures occurred in children or teenagers. When adults are exposed, it has been
difficult for epidemiologists to detect a statistically significant difference in the rates of thyroid disease above that of a
similar but otherwise-unexposed group.[2][15]
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The risk can be mitigated by taking iodine supplements, raising the total amount of iodine in the body and, therefore,
reducing uptake and retention in the face and chest and lowering the relative proportion of radioactive iodine. However,
such supplements were not distributed to the population living nearest to the Chernobyl nuclear power plant after the
disaster,[16] though they were widely distributed to children in Poland.

Within the USA, the highest 131I fallout doses occurred during the 1950s and early 1960s to children having consumed
fresh sources of milk contaminated as the result of above-ground testing of nuclear weapons.[4] The National Cancer
Institute provides additional information on the health effects from exposure to 131I in fallout,[17] as well as individualized
estimates, for those born before 1971, for each of the 3070 counties in the USA. The calculations are taken from data
collected regarding fallout from the nuclear weapons tests conducted at the Nevada Test Site.[18]

On 27 March 2011, the Massachusetts Department of Public Health reported that 131I was detected in very low
concentrations in rainwater from samples collected in Massachusetts, USA, and that this likely originated from the
Fukushima power plant.[19] Farmers near the plant dumped raw milk, while testing in the United States found 0.8 pico-
curies per liter of iodine-131 in a milk sample, but the radiation levels were 5,000 times lower than the FDA's "defined
intervention level." The levels were expected to drop relatively quickly[20]

Medical use
It is used in nuclear medicine therapeutically and can also be seen with diagnostic scanners if it has been used
therapeutically. Use of the 131I as iodide salt exploits the mechanism of absorption of iodine by the normal cells of the
thyroid gland. Examples of its use in radiation therapy are those where tissue destruction is desired after iodine uptake by
the tissue.

Major uses of 131I include the treatment of thyrotoxicosis (hyperthyroidism) and some types of thyroid cancer that absorb
iodine. The 131I is thus used as direct radioisotope therapy to treat hyperthyroidism due to Graves' disease, and
sometimes hyperactive thyroid nodules (abnormally active thyroid tissue that is not malignant). The therapeutic use of
radioiodine to treat hyperthyroidism from Graves' disease was first reported by Saul Hertz in 1941.

The 131I isotope is also used as a radioactive label for certain radiopharmaceuticals that can be used for therapy, e.g.
131I-metaiodobenzylguanidine(131I-MIBG) for imaging and treating pheochromocytoma and neuroblastoma. In all of these
therapeutic uses, 131I destroys tissue by short-range beta radiation. About 90% of its radiation damage to tissue is via



beta radiation, and the rest occurs via its gamma radiation (at a longer distance from the radioisotope). It can be seen in
diagnostic scans after its use as therapy, because 131I is also a gamma-emitter. (¼M=)

Because of the carcinogenicity of its beta radiation in the thyroid in small doses, I-131 is rarely used primarily or solely for
diagnosis (although in the past this was more common due to this isotope's relative ease of production and low expense).
Instead the more purely gamma-emitting radioiodine iodine-123 is used in diagnostic testing (nuclear medicine scan of the
thyroid). The longer half-lived iodine-125 is also occasionally used when a longer half-life radioiodine is needed for
diagnosis, and in brachytherapy treatment (isotope confined in small seed-like metal capsules), where the low-energy
gamma radiation without a beta component makes iodine-125 useful. The other radioisotopes of iodine are never used in
brachytherapy.

The use of 131I as a medical isotope has been blamed for a routine shipment of biosolids being rejected from crossing the
Canada—U.S. border.[37]Such material can enter the sewers directly from the medical facilities, or by being excreted by
patients after a treatment.
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Iodine-131
Iodine-131 (131I) is an important radioisotope of iodine discovered by Glenn Seaborg and John Livingood in 1938 at the
University of California, Berkeley.[1] It has a radioactive decay half-life of about eight days. It is associated with nuclear
energy, medical diagnostic and treatment procedures, and natural gas production. It also plays a major role as a
radioactive isotope present in nuclear fission products, and was a significant contributor to the health hazards from open-
air atomic bomb testing in the 1950s, and from the Chernobyl disaster, as well as being a large fraction of the
contamination hazard in the first weeks in the Fukushima nuclear crisis. This is because I-131 is a major fission product of
uranium and plutonium, comprising nearly 3% of the total products of fission (by weight). See fission product yield for a
comparison with other radioactive fission products. I-131 is also a major fission product of uranium-233, produced from
thorium.

Due to its mode of beta decay, iodine-131 is notable for causing mutation and death in cells that it penetrates, and other
cells up to several millimeters away. For this reason, high doses of the isotope are sometimes less dangerous than low
doses, since they tend to kill thyroidtissues that would otherwise become cancerous as a result of the radiation. For
example, children treated with moderate dose of I-131 for thyroid adenomas had a detectable increase in thyroid cancer,
but children treated with a much higher dose did not.[citation needed] Likewise, most studies of very-high-dose I-131 for
treatment of Graves disease have failed to find any increase in thyroid cancer, even though there is linear increase in
thyroid cancer risk with I-131 absorption at moderate doses.[2] Thus, iodine-131 is increasingly less employed in small
doses in medical use (especially in children), but increasingly is used only in large and maximal treatment doses, as a way
of killing targeted tissues. This is known as "therapeutic use."

Iodine-131 can be "seen" by nuclear medicine imaging techniques (i.e., gamma cameras) whenever it is given for
therapeutic use, since about 10% of its energy and radiation dose is via gamma radiation. However, since the other 90% of
radiation (beta radiation) causes tissue damage without contributing to any ability to see or "image" the isotope, other
less-damaging radioisotopes of iodine such as iodine-123 (see isotopes of iodine) are preferred in situations when only
nuclear imaging is required. The isotope I-131 is still occasionally used for purely diagnostic (i.e., imaging) work, due to its
low expense compared to other iodine radioisotopes. Very small medical imaging doses of I-131 have not shown any
increase in thyroid cancer. The low-cost availability of I-131, in turn, is due to the relative ease of creating I-131 by neutron
bombardment of natural tellurium in a nuclear reactor, then separating I-131 out by various simple methods (i.e., heating
to drive off the volatile iodine). By contrast, other iodine radioisotopes are usually created by far more expensive
techniques, starting with reactor radiation of expensive capsules of pressurized xenon gas.

Iodine-131
Complete table of nuclides

General

Name, symbol Radioiodine, 131I

Neutrons 83

Protons 53

Nuclide data

Half-life 8.0197 days

Isotope mass 130.9061246(12) u

Excess energy 971 keV

Iodine-131 is also one of the most commonly used gamma-emitting radioactive industrial tracer. Radioactive tracer
isotopes are injected with hydraulic fracturing fluid to determine the injection profile and location of fractures created by
hydraulic fracturing.[3]

Much smaller incidental doses of iodine-131 than those used in medical therapeutic procedures, are supposed by some
studies to be the major cause of increased thyroid cancersafter accidental nuclear contamination. These studies suppose



that cancers happen from residual tissue radiation damage caused by the I-131, and should appear mostly years after
exposure, long after the I-131 has decayed.[4][5] Other studies can't find a correlation.[6][7]

Production
Most I-131 production is from nuclear reactor neutron-irradiation of a natural tellurium target. Irradiation of natural
tellurium produces almost entirely I-131 as the only radionuclide with a half-life longer than hours, since most lighter
isotopes of tellurium become heavier stable isotopes, or else stable iodine or xenon. However, the heaviest naturally
occurring tellurium nuclide, Te-130 (34% of natural Te) absorbs a neutron to become tellurium-131, which beta-decays with
a half-life of 25 minutes, to I-131.

A tellurium compound can be irradiated while bound as an oxide to an ion exchange column, and evolved I-131 then eluted
into an alkaline solution.[8] More commonly, powdered elemental tellurium is irradiated and then I-131 separated from it
by dry distillation of the iodine, which has a far higher vapor pressure. The element is then dissolved in a mildly alkaline
solution in the standard manner, to produce I-131 as iodide and hypoiodate (which is soon reduced to iodide).[9]

131I is a fission product with a yield of 2.878% from uranium-235,[10] and can be released in nuclear weapons tests and
nuclear accidents. However, the short half-life means it is not present in significant quantities in cooled spent nuclear fuel,
unlike iodine-129 whose half-life is nearly a billion times that of I-131.

It is discharged to the atmosphere in small quantities by some nuclear power plants.[11]

Radioactive decay
I-131 decays with a half-life of 8.02 days with beta minus and gamma emissions. This nuclide of iodine has 78 neutrons in
its nucleus, while the only stable nuclide, 127I, has 74. On decaying, 131I most often (89% of the time) expends its 971
keV of decay energy by transforming into the stable 131Xe (Xenon) in two steps, with gamma decay following rapidly after
beta decay:

The primary emissions of 131I decay are thus electrons with a maximal energy of 606 keV (89% abundance, others
248–807 keV) and 364 keV gamma rays (81% abundance, others 723 keV).[12] Beta decay also produces an antineutrino,
which carries off variable amounts of the beta decay energy. The electrons, due to their high mean energy [2][13]

Effects of exposure
Iodine in food is absorbed by the body and preferentially concentrated in the thyroid where it is needed for the functioning
of that gland. When 131I is present in high levels in the environment from radioactive fallout, it can be absorbed through
contaminated food, and will also accumulate in the thyroid. As it decays, it may cause damage to the thyroid. The primary
risk from exposure to high levels of 131I is the chance occurrence of radiogenic thyroid cancer in later life. Other risks
include the possibility of non-cancerous growths and thyroiditis.[2]

The risk of thyroid cancer in later life appears to diminish with increasing age at time of exposure. Most risk estimates are
based on studies in which radiation exposures occurred in children or teenagers. When adults are exposed, it has been
difficult for epidemiologists to detect a statistically significant difference in the rates of thyroid disease above that of a
similar but otherwise-unexposed group.[2][15]
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The risk can be mitigated by taking iodine supplements, raising the total amount of iodine in the body and, therefore,
reducing uptake and retention in the face and chest and lowering the relative proportion of radioactive iodine. However,
such supplements were not distributed to the population living nearest to the Chernobyl nuclear power plant after the
disaster,[16] though they were widely distributed to children in Poland.

Within the USA, the highest 131I fallout doses occurred during the 1950s and early 1960s to children having consumed
fresh sources of milk contaminated as the result of above-ground testing of nuclear weapons.[4] The National Cancer
Institute provides additional information on the health effects from exposure to 131I in fallout,[17] as well as individualized
estimates, for those born before 1971, for each of the 3070 counties in the USA. The calculations are taken from data
collected regarding fallout from the nuclear weapons tests conducted at the Nevada Test Site.[18]

On 27 March 2011, the Massachusetts Department of Public Health reported that 131I was detected in very low
concentrations in rainwater from samples collected in Massachusetts, USA, and that this likely originated from the
Fukushima power plant.[19] Farmers near the plant dumped raw milk, while testing in the United States found 0.8 pico-
curies per liter of iodine-131 in a milk sample, but the radiation levels were 5,000 times lower than the FDA's "defined
intervention level." The levels were expected to drop relatively quickly[20]

Medical use
It is used in nuclear medicine therapeutically and can also be seen with diagnostic scanners if it has been used
therapeutically. Use of the 131I as iodide salt exploits the mechanism of absorption of iodine by the normal cells of the
thyroid gland. Examples of its use in radiation therapy are those where tissue destruction is desired after iodine uptake by
the tissue.

Major uses of 131I include the treatment of thyrotoxicosis (hyperthyroidism) and some types of thyroid cancer that absorb
iodine. The 131I is thus used as direct radioisotope therapy to treat hyperthyroidism due to Graves' disease, and
sometimes hyperactive thyroid nodules (abnormally active thyroid tissue that is not malignant). The therapeutic use of
radioiodine to treat hyperthyroidism from Graves' disease was first reported by Saul Hertz in 1941.

The 131I isotope is also used as a radioactive label for certain radiopharmaceuticals that can be used for therapy, e.g.
131I-metaiodobenzylguanidine(131I-MIBG) for imaging and treating pheochromocytoma and neuroblastoma. In all of these
therapeutic uses, 131I destroys tissue by short-range beta radiation. About 90% of its radiation damage to tissue is via
beta radiation, and the rest occurs via its gamma radiation (at a longer distance from the radioisotope). It can be seen in
diagnostic scans after its use as therapy, because 131I is also a gamma-emitter. (¼M=)

Because of the carcinogenicity of its beta radiation in the thyroid in small doses, I-131 is rarely used primarily or solely for
diagnosis (although in the past this was more common due to this isotope's relative ease of production and low expense).
Instead the more purely gamma-emitting radioiodine iodine-123 is used in diagnostic testing (nuclear medicine scan of the
thyroid). The longer half-lived iodine-125 is also occasionally used when a longer half-life radioiodine is needed for
diagnosis, and in brachytherapy treatment (isotope confined in small seed-like metal capsules), where the low-energy
gamma radiation without a beta component makes iodine-125 useful. The other radioisotopes of iodine are never used in
brachytherapy.

The use of 131I as a medical isotope has been blamed for a routine shipment of biosolids being rejected from crossing the
Canada—U.S. border.[37]Such material can enter the sewers directly from the medical facilities, or by being excreted by
patients after a treatment.
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Iodine-131
Iodine-131 (131I) is an important radioisotope of iodine discovered by Glenn Seaborg and John Livingood in 1938 at the
University of California, Berkeley.[1] It has a radioactive decay half-life of about eight days. It is associated with nuclear
energy, medical diagnostic and treatment procedures, and natural gas production. It also plays a major role as a
radioactive isotope present in nuclear fission products, and was a significant contributor to the health hazards from open-
air atomic bomb testing in the 1950s, and from the Chernobyl disaster, as well as being a large fraction of the
contamination hazard in the first weeks in the Fukushima nuclear crisis. This is because I-131 is a major fission product of
uranium and plutonium, comprising nearly 3% of the total products of fission (by weight). See fission product yield for a
comparison with other radioactive fission products. I-131 is also a major fission product of uranium-233, produced from
thorium.

Due to its mode of beta decay, iodine-131 is notable for causing mutation and death in cells that it penetrates, and other
cells up to several millimeters away. For this reason, high doses of the isotope are sometimes less dangerous than low
doses, since they tend to kill thyroidtissues that would otherwise become cancerous as a result of the radiation. For
example, children treated with moderate dose of I-131 for thyroid adenomas had a detectable increase in thyroid cancer,
but children treated with a much higher dose did not.[citation needed] Likewise, most studies of very-high-dose I-131 for
treatment of Graves disease have failed to find any increase in thyroid cancer, even though there is linear increase in
thyroid cancer risk with I-131 absorption at moderate doses.[2] Thus, iodine-131 is increasingly less employed in small
doses in medical use (especially in children), but increasingly is used only in large and maximal treatment doses, as a way
of killing targeted tissues. This is known as "therapeutic use."

Iodine-131 can be "seen" by nuclear medicine imaging techniques (i.e., gamma cameras) whenever it is given for
therapeutic use, since about 10% of its energy and radiation dose is via gamma radiation. However, since the other 90% of
radiation (beta radiation) causes tissue damage without contributing to any ability to see or "image" the isotope, other
less-damaging radioisotopes of iodine such as iodine-123 (see isotopes of iodine) are preferred in situations when only
nuclear imaging is required. The isotope I-131 is still occasionally used for purely diagnostic (i.e., imaging) work, due to its
low expense compared to other iodine radioisotopes. Very small medical imaging doses of I-131 have not shown any
increase in thyroid cancer. The low-cost availability of I-131, in turn, is due to the relative ease of creating I-131 by neutron
bombardment of natural tellurium in a nuclear reactor, then separating I-131 out by various simple methods (i.e., heating
to drive off the volatile iodine). By contrast, other iodine radioisotopes are usually created by far more expensive
techniques, starting with reactor radiation of expensive capsules of pressurized xenon gas.

Iodine-131
Complete table of nuclides

General

Name, symbol Radioiodine, 131I

Neutrons 83

Protons 53

Nuclide data

Half-life 8.0197 days

Isotope mass 130.9061246(12) u

Excess energy 971 keV

Iodine-131 is also one of the most commonly used gamma-emitting radioactive industrial tracer. Radioactive tracer
isotopes are injected with hydraulic fracturing fluid to determine the injection profile and location of fractures created by
hydraulic fracturing.[3]

Much smaller incidental doses of iodine-131 than those used in medical therapeutic procedures, are supposed by some
studies to be the major cause of increased thyroid cancersafter accidental nuclear contamination. These studies suppose



that cancers happen from residual tissue radiation damage caused by the I-131, and should appear mostly years after
exposure, long after the I-131 has decayed.[4][5] Other studies can't find a correlation.[6][7]

Production
Most I-131 production is from nuclear reactor neutron-irradiation of a natural tellurium target. Irradiation of natural
tellurium produces almost entirely I-131 as the only radionuclide with a half-life longer than hours, since most lighter
isotopes of tellurium become heavier stable isotopes, or else stable iodine or xenon. However, the heaviest naturally
occurring tellurium nuclide, Te-130 (34% of natural Te) absorbs a neutron to become tellurium-131, which beta-decays with
a half-life of 25 minutes, to I-131.

A tellurium compound can be irradiated while bound as an oxide to an ion exchange column, and evolved I-131 then eluted
into an alkaline solution.[8] More commonly, powdered elemental tellurium is irradiated and then I-131 separated from it
by dry distillation of the iodine, which has a far higher vapor pressure. The element is then dissolved in a mildly alkaline
solution in the standard manner, to produce I-131 as iodide and hypoiodate (which is soon reduced to iodide).[9]

131I is a fission product with a yield of 2.878% from uranium-235,[10] and can be released in nuclear weapons tests and
nuclear accidents. However, the short half-life means it is not present in significant quantities in cooled spent nuclear fuel,
unlike iodine-129 whose half-life is nearly a billion times that of I-131.

It is discharged to the atmosphere in small quantities by some nuclear power plants.[11]

Radioactive decay
I-131 decays with a half-life of 8.02 days with beta minus and gamma emissions. This nuclide of iodine has 78 neutrons in
its nucleus, while the only stable nuclide, 127I, has 74. On decaying, 131I most often (89% of the time) expends its 971
keV of decay energy by transforming into the stable 131Xe (Xenon) in two steps, with gamma decay following rapidly after
beta decay:

The primary emissions of 131I decay are thus electrons with a maximal energy of 606 keV (89% abundance, others
248–807 keV) and 364 keV gamma rays (81% abundance, others 723 keV).[12] Beta decay also produces an antineutrino,
which carries off variable amounts of the beta decay energy. The electrons, due to their high mean energy [3][13]

Effects of exposure
Iodine in food is absorbed by the body and preferentially concentrated in the thyroid where it is needed for the functioning
of that gland. When 131I is present in high levels in the environment from radioactive fallout, it can be absorbed through
contaminated food, and will also accumulate in the thyroid. As it decays, it may cause damage to the thyroid. The primary
risk from exposure to high levels of 131I is the chance occurrence of radiogenic thyroid cancer in later life. Other risks
include the possibility of non-cancerous growths and thyroiditis.[2]

The risk of thyroid cancer in later life appears to diminish with increasing age at time of exposure. Most risk estimates are
based on studies in which radiation exposures occurred in children or teenagers. When adults are exposed, it has been
difficult for epidemiologists to detect a statistically significant difference in the rates of thyroid disease above that of a
similar but otherwise-unexposed group.[2][15]
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The risk can be mitigated by taking iodine supplements, raising the total amount of iodine in the body and, therefore,
reducing uptake and retention in the face and chest and lowering the relative proportion of radioactive iodine. However,
such supplements were not distributed to the population living nearest to the Chernobyl nuclear power plant after the
disaster,[16] though they were widely distributed to children in Poland.

Within the USA, the highest 131I fallout doses occurred during the 1950s and early 1960s to children having consumed
fresh sources of milk contaminated as the result of above-ground testing of nuclear weapons.[4] The National Cancer
Institute provides additional information on the health effects from exposure to 131I in fallout,[17] as well as individualized
estimates, for those born before 1971, for each of the 3070 counties in the USA. The calculations are taken from data
collected regarding fallout from the nuclear weapons tests conducted at the Nevada Test Site.[18]

On 27 March 2011, the Massachusetts Department of Public Health reported that 131I was detected in very low
concentrations in rainwater from samples collected in Massachusetts, USA, and that this likely originated from the
Fukushima power plant.[19] Farmers near the plant dumped raw milk, while testing in the United States found 0.8 pico-
curies per liter of iodine-131 in a milk sample, but the radiation levels were 5,000 times lower than the FDA's "defined
intervention level." The levels were expected to drop relatively quickly[20]

Medical use
It is used in nuclear medicine therapeutically and can also be seen with diagnostic scanners if it has been used
therapeutically. Use of the 131I as iodide salt exploits the mechanism of absorption of iodine by the normal cells of the
thyroid gland. Examples of its use in radiation therapy are those where tissue destruction is desired after iodine uptake by
the tissue.

Major uses of 131I include the treatment of thyrotoxicosis (hyperthyroidism) and some types of thyroid cancer that absorb
iodine. The 131I is thus used as direct radioisotope therapy to treat hyperthyroidism due to Graves' disease, and
sometimes hyperactive thyroid nodules (abnormally active thyroid tissue that is not malignant). The therapeutic use of
radioiodine to treat hyperthyroidism from Graves' disease was first reported by Saul Hertz in 1941.

The 131I isotope is also used as a radioactive label for certain radiopharmaceuticals that can be used for therapy, e.g.
131I-metaiodobenzylguanidine(131I-MIBG) for imaging and treating pheochromocytoma and neuroblastoma. In all of these
therapeutic uses, 131I destroys tissue by short-range beta radiation. About 90% of its radiation damage to tissue is via
beta radiation, and the rest occurs via its gamma radiation (at a longer distance from the radioisotope). It can be seen in
diagnostic scans after its use as therapy, because 131I is also a gamma-emitter. (¼M=)

Because of the carcinogenicity of its beta radiation in the thyroid in small doses, I-131 is rarely used primarily or solely for
diagnosis (although in the past this was more common due to this isotope's relative ease of production and low expense).
Instead the more purely gamma-emitting radioiodine iodine-123 is used in diagnostic testing (nuclear medicine scan of the
thyroid). The longer half-lived iodine-125 is also occasionally used when a longer half-life radioiodine is needed for
diagnosis, and in brachytherapy treatment (isotope confined in small seed-like metal capsules), where the low-energy
gamma radiation without a beta component makes iodine-125 useful. The other radioisotopes of iodine are never used in
brachytherapy.

The use of 131I as a medical isotope has been blamed for a routine shipment of biosolids being rejected from crossing the
Canada—U.S. border.[37]Such material can enter the sewers directly from the medical facilities, or by being excreted by
patients after a treatment.
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Iodine-131
Iodine-131 (131I) is an important radioisotope of iodine discovered by Glenn Seaborg and John Livingood in 1938 at the
University of California, Berkeley.[1] It has a radioactive decay half-life of about eight days. It is associated with nuclear
energy, medical diagnostic and treatment procedures, and natural gas production. It also plays a major role as a
radioactive isotope present in nuclear fission products, and was a significant contributor to the health hazards from open-
air atomic bomb testing in the 1950s, and from the Chernobyl disaster, as well as being a large fraction of the
contamination hazard in the first weeks in the Fukushima nuclear crisis. This is because I-131 is a major fission product of
uranium and plutonium, comprising nearly 3% of the total products of fission (by weight). See fission product yield for a
comparison with other radioactive fission products. I-131 is also a major fission product of uranium-233, produced from
thorium.

Due to its mode of beta decay, iodine-131 is notable for causing mutation and death in cells that it penetrates, and other
cells up to several millimeters away. For this reason, high doses of the isotope are sometimes less dangerous than low
doses, since they tend to kill thyroidtissues that would otherwise become cancerous as a result of the radiation. For
example, children treated with moderate dose of I-131 for thyroid adenomas had a detectable increase in thyroid cancer,
but children treated with a much higher dose did not.[citation needed] Likewise, most studies of very-high-dose I-131 for
treatment of Graves disease have failed to find any increase in thyroid cancer, even though there is linear increase in
thyroid cancer risk with I-131 absorption at moderate doses.[2] Thus, iodine-131 is increasingly less employed in small
doses in medical use (especially in children), but increasingly is used only in large and maximal treatment doses, as a way
of killing targeted tissues. This is known as "therapeutic use."

Iodine-131 can be "seen" by nuclear medicine imaging techniques (i.e., gamma cameras) whenever it is given for
therapeutic use, since about 10% of its energy and radiation dose is via gamma radiation. However, since the other 90% of
radiation (beta radiation) causes tissue damage without contributing to any ability to see or "image" the isotope, other
less-damaging radioisotopes of iodine such as iodine-123 (see isotopes of iodine) are preferred in situations when only
nuclear imaging is required. The isotope I-131 is still occasionally used for purely diagnostic (i.e., imaging) work, due to its
low expense compared to other iodine radioisotopes. Very small medical imaging doses of I-131 have not shown any
increase in thyroid cancer. The low-cost availability of I-131, in turn, is due to the relative ease of creating I-131 by neutron
bombardment of natural tellurium in a nuclear reactor, then separating I-131 out by various simple methods (i.e., heating
to drive off the volatile iodine). By contrast, other iodine radioisotopes are usually created by far more expensive
techniques, starting with reactor radiation of expensive capsules of pressurized xenon gas.

Iodine-131
Complete table of nuclides
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Iodine-131
Complete table of nuclides

Name, symbol Radioiodine, 131I

Neutrons 83

Protons 53

Nuclide data

Half-life 8.0197 days

Isotope mass 130.9061246(12) u

Excess energy 971 keV

Iodine-131 is also one of the most commonly used gamma-emitting radioactive industrial tracer. Radioactive tracer
isotopes are injected with hydraulic fracturing fluid to determine the injection profile and location of fractures created by
hydraulic fracturing.[3]

Much smaller incidental doses of iodine-131 than those used in medical therapeutic procedures, are supposed by some
studies to be the major cause of increased thyroid cancersafter accidental nuclear contamination. These studies suppose
that cancers happen from residual tissue radiation damage caused by the I-131, and should appear mostly years after
exposure, long after the I-131 has decayed.[4][5] Other studies can't find a correlation.[6][7]

Production
Most I-131 production is from nuclear reactor neutron-irradiation of a natural tellurium target. Irradiation of natural
tellurium produces almost entirely I-131 as the only radionuclide with a half-life longer than hours, since most lighter
isotopes of tellurium become heavier stable isotopes, or else stable iodine or xenon. However, the heaviest naturally
occurring tellurium nuclide, Te-130 (34% of natural Te) absorbs a neutron to become tellurium-131, which beta-decays with
a half-life of 25 minutes, to I-131.

A tellurium compound can be irradiated while bound as an oxide to an ion exchange column, and evolved I-131 then eluted
into an alkaline solution.[8] More commonly, powdered elemental tellurium is irradiated and then I-131 separated from it
by dry distillation of the iodine, which has a far higher vapor pressure. The element is then dissolved in a mildly alkaline
solution in the standard manner, to produce I-131 as iodide and hypoiodate (which is soon reduced to iodide).[9]

131I is a fission product with a yield of 2.878% from uranium-235,[10] and can be released in nuclear weapons tests and
nuclear accidents. However, the short half-life means it is not present in significant quantities in cooled spent nuclear fuel,
unlike iodine-129 whose half-life is nearly a billion times that of I-131.

It is discharged to the atmosphere in small quantities by some nuclear power plants.[11]

Radioactive decay
I-131 decays with a half-life of 8.02 days with beta minus and gamma emissions. This nuclide of iodine has 78 neutrons in
its nucleus, while the only stable nuclide, 127I, has 74. On decaying, 131I most often (89% of the time) expends its 971
keV of decay energy by transforming into the stable 131Xe (Xenon) in two steps, with gamma decay following rapidly after
beta decay:

The primary emissions of 131I decay are thus electrons with a maximal energy of 606 keV (89% abundance, others



248–807 keV) and 364 keV gamma rays (81% abundance, others 723 keV).[12] Beta decay also produces an antineutrino,
which carries off variable amounts of the beta decay energy. The electrons, due to their high mean energy [4][13]

Effects of exposure
Iodine in food is absorbed by the body and preferentially concentrated in the thyroid where it is needed for the functioning
of that gland. When 131I is present in high levels in the environment from radioactive fallout, it can be absorbed through
contaminated food, and will also accumulate in the thyroid. As it decays, it may cause damage to the thyroid. The primary
risk from exposure to high levels of 131I is the chance occurrence of radiogenic thyroid cancer in later life. Other risks
include the possibility of non-cancerous growths and thyroiditis.[2]

The risk of thyroid cancer in later life appears to diminish with increasing age at time of exposure. Most risk estimates are
based on studies in which radiation exposures occurred in children or teenagers. When adults are exposed, it has been
difficult for epidemiologists to detect a statistically significant difference in the rates of thyroid disease above that of a
similar but otherwise-unexposed group.[2][15]
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The risk can be mitigated by taking iodine supplements, raising the total amount of iodine in the body and, therefore,
reducing uptake and retention in the face and chest and lowering the relative proportion of radioactive iodine. However,
such supplements were not distributed to the population living nearest to the Chernobyl nuclear power plant after the
disaster,[16] though they were widely distributed to children in Poland.

Within the USA, the highest 131I fallout doses occurred during the 1950s and early 1960s to children having consumed
fresh sources of milk contaminated as the result of above-ground testing of nuclear weapons.[4] The National Cancer
Institute provides additional information on the health effects from exposure to 131I in fallout,[17] as well as individualized
estimates, for those born before 1971, for each of the 3070 counties in the USA. The calculations are taken from data
collected regarding fallout from the nuclear weapons tests conducted at the Nevada Test Site.[18]

On 27 March 2011, the Massachusetts Department of Public Health reported that 131I was detected in very low
concentrations in rainwater from samples collected in Massachusetts, USA, and that this likely originated from the
Fukushima power plant.[19] Farmers near the plant dumped raw milk, while testing in the United States found 0.8 pico-
curies per liter of iodine-131 in a milk sample, but the radiation levels were 5,000 times lower than the FDA's "defined
intervention level." The levels were expected to drop relatively quickly[20]

Medical use
It is used in nuclear medicine therapeutically and can also be seen with diagnostic scanners if it has been used
therapeutically. Use of the 131I as iodide salt exploits the mechanism of absorption of iodine by the normal cells of the
thyroid gland. Examples of its use in radiation therapy are those where tissue destruction is desired after iodine uptake by
the tissue.

Major uses of 131I include the treatment of thyrotoxicosis (hyperthyroidism) and some types of thyroid cancer that absorb
iodine. The 131I is thus used as direct radioisotope therapy to treat hyperthyroidism due to Graves' disease, and
sometimes hyperactive thyroid nodules (abnormally active thyroid tissue that is not malignant). The therapeutic use of
radioiodine to treat hyperthyroidism from Graves' disease was first reported by Saul Hertz in 1941.



The 131I isotope is also used as a radioactive label for certain radiopharmaceuticals that can be used for therapy, e.g.
131I-metaiodobenzylguanidine(131I-MIBG) for imaging and treating pheochromocytoma and neuroblastoma. In all of these
therapeutic uses, 131I destroys tissue by short-range beta radiation. About 90% of its radiation damage to tissue is via
beta radiation, and the rest occurs via its gamma radiation (at a longer distance from the radioisotope). It can be seen in
diagnostic scans after its use as therapy, because 131I is also a gamma-emitter. (¼M=)

Because of the carcinogenicity of its beta radiation in the thyroid in small doses, I-131 is rarely used primarily or solely for
diagnosis (although in the past this was more common due to this isotope's relative ease of production and low expense).
Instead the more purely gamma-emitting radioiodine iodine-123 is used in diagnostic testing (nuclear medicine scan of the
thyroid). The longer half-lived iodine-125 is also occasionally used when a longer half-life radioiodine is needed for
diagnosis, and in brachytherapy treatment (isotope confined in small seed-like metal capsules), where the low-energy
gamma radiation without a beta component makes iodine-125 useful. The other radioisotopes of iodine are never used in
brachytherapy.

The use of 131I as a medical isotope has been blamed for a routine shipment of biosolids being rejected from crossing the
Canada—U.S. border.[37]Such material can enter the sewers directly from the medical facilities, or by being excreted by
patients after a treatment.
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The pulp papermaking process is said to have been developed in China during the early 2nd century CE, possibly as early
as the year 105 CE,[1] by the Han court eunuch Cai Lun, although the earliest archaeological fragments of paper derive
from the 2nd century BCE in China.[2] The modern pulp !#$%@®©¿ and paper industry is global, with China leading its
production and the United States right behind it.The pulp papermaking process is said to have been developed in China
during the early 2nd century CE, possibly as early as the year 105 CE,[1] by the Han court eunuch Cai Lun, although the
earliest archaeological fragments of paper derive from the 2nd century BCE in China.[2] The modern pulp !#$%@®©¿ and
paper industry is global, with China leading its production and the United States right behind it.The pulp papermaking
process is said to have been developed in China during the early 2nd century CE, possibly as early as the year 105 CE,[1]
by the Han court eunuch Cai Lun, although the earliest archaeological fragments of paper derive from the 2nd century BCE
in China.[2] The modern pulp !#$%@®©¿ and paper industry is global, with China leading its production and the United
States right behind it.The pulp papermaking process is said to have been developed in China during the early 2nd century
CE, possibly as early as the year 105 CE,[1] by the Han court eunuch Cai Lun, although the earliest archaeological
fragments of paper derive from the 2nd century BCE in China.[2] The modern pulp !#$%@®©¿ and paper industry is
global, with China leading its production and the United States right behind it.The pulp papermaking process is said to
have been developed in China during the early 2nd century CE, possibly as early as the year 105 CE,[1] by the Han court
eunuch Cai Lun, although the earliest archaeological fragments of paper derive from the 2nd century BCE in China.[2] The
modern pulp !#$%@®©¿ and paper industry is global, with China leading its production and the United States right
behind it.
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from the 2nd century BCE in China.[2] The modern pulp !#$%@®©¿ and paper industry is global, with China leading its
production and the United States right behind it.The pulp papermaking process is said to have been developed in China
during the early 2nd century CE, possibly as early as the year 105 CE,[1] by the Han court eunuch Cai Lun, although the
earliest archaeological fragments of paper derive from the 2nd century BCE in China.[2] The modern pulp !#$%@®©¿ and
paper industry is global, with China leading its production and the United States right behind it.The pulp papermaking
process is said to have been developed in China during the early 2nd century CE, possibly as early as the year 105 CE,[1]
by the Han court eunuch Cai Lun, although the earliest archaeological fragments of paper derive from the 2nd century BCE
in China.[2] The modern pulp !#$%@®©¿ and paper industry is global, with China leading its production and the United
States right behind it.The pulp papermaking process is said to have been developed in China during the early 2nd century
CE, possibly as early as the year 105 CE,[1] by the Han court eunuch Cai Lun, although the earliest archaeological
fragments of paper derive from the 2nd century BCE in China.[2] The modern pulp !#$%@®©¿ and paper industry is
global, with China leading its production and the United States right behind it.The pulp papermaking process is said to
have been developed in China during the early 2nd century CE, possibly as early as the year 105 CE,[1] by the Han court
eunuch Cai Lun, although the earliest archaeological fragments of paper derive from the 2nd century BCE in China.[2] The
modern pulp !#$%@®©¿ and paper industry is global, with China leading its production and the United States right
behind it.
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Human digestive system

See also gastrointestinal tract.
"Digestive system" and "alimentary system" redirect here. For digestive systems of non-human animals, see
Digestion.
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The human digestive system consists of the gastrointestinal tract plus the accessory organs of digestion (the tongue,
salivary glands, pancreas, liver, and gallbladder).[1] In this system, the process of digestion has many stages, the first of
which starts in the mouth. Digestion involves the breakdown of food into smaller and smaller components, until they can
be absorbed and assimilated into the body.

Chewing, in which food is mixed with saliva begins the process of digestion. This produces a bolus which can be swallowed
down the esophagus and into the stomach. Here it is mixed with gastric juice until it passes into the duodenum where it is
mixed with a number of enzymes produced by the pancreas. Saliva also contains a catalytic enzyme called amylase which
starts to act on food in the mouth. Another digestive enzyme called lingual lipase is secreted by some of the lingual
papillae on the tongue and also from serous glands in the main salivary glands. Digestion is helped by the mastication of
food by the teeth and also by the muscular actions of peristalsis and segmentation contractions. Gastric juice in the
stomach is essential for the continuation of digestion as is the production of mucus in the stomach.

Peristalsis is the rhythmic contraction of muscles that begins in the esophagus and continues along the wall of the stomach
and the rest of the gastrointestinal tract. This initially results in the production of chyme which when fully broken down in
the small intestine is absorbed as chyle into the lymphatic system. Most of the digestion of food takes place in the small
intestine. Water and some minerals are reabsorbed back into the blood in the colon of the large intestine. The waste
products of digestion (feces) are defecated from the anus via the rectum.

Components
There are several organs and other components involved in the digestion of food. The organs known as the accessory
digestive glands are the liver, gall bladder and pancreas. Other components include the mouth, salivary glands, tongue,
teeth and epiglottis.

The largest structure of the digestive system is the gastrointestinal tract (GI tract). This starts at the mouth and ends at
the anus, covering a distance of about nine (9) metres.[2]

The largest part of the GI tract is the colon or large intestine. Water is absorbed here and the remaining waste matter is
stored prior to defecation.[1]

Most of the digestion of food takes place in the small intestine.

A major digestive organ is the stomach. Within its mucosa are millions of embedded gastric glands. Their secretions are
vital to the functioning of the organ.

There are many specialised cells of the GI tract. These include the various cells of the gastric glands, taste cells, pancreatic
duct cells, enterocytes and microfold cells.

Some parts of the digestive system are also part of the excretory system, including the large intestine.[1]

Blood supply
The digestive system is supplied by the celiac artery. The celiac artery is the first major branch from the abdominal aorta,
and is the only major artery that nourishes the digestive organs.

There are three main divisions – the left gastric artery, the common hepatic artery and the splenic artery.

The celiac artery supplies the liver, stomach, spleen and the upper 1/3 of the duodenum (to the sphincter of Oddi) and the
pancreas with oxygenated blood. Most of the blood is returned to the liver via the portal venous system for further
processing and detoxification before returning to the systemic circulation via the hepatic portal vein.
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The next branch from the abdominal aorta is the superior mesenteric artery, which supplies the regions of the digestive
tract derived from the midgut, which includes the distal 2/3 of the duodenum, jejunum, ileum, cecum, appendix, ascending
colon, and the proximal 2/3 of the transverse colon.

The final branch which is important for the digestive system is the inferior mesenteric artery, which supplies the regions of
the digestive tract derived from the hindgut, which includes the distal 1/3 of the transverse colon, descending colon,
sigmoid colon, rectum, and the anus above the pectinate line.

Nerve supply
The enteric nervous system consists of some one hundred million neurons[31] that are embedded in the peritoneum, the
lining of the gastrointestinal tract extending from the esophagus to the anus.[32] These neurons are collected into two
plexuses - the myenteric (or Auerbach's) plexus that lies between the longitudinal and the smooth muscle layers, and the
submucosal (or Meissner's) plexusthat lies between the circular smooth muscle layer and the mucosa.[33][34][35]
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Parasympathetic innervation to the ascending colon is supplied by the vagus nerve. Sympathetic innervation is supplied by
the splanchnic nerves that join the celiac ganglia. Most of the digestive tract is innervated by the two large celiac ganglia,
with the upper part of each ganglion joined by the greater splanchnic nerve and the lower parts joined by the lesser
splanchnic nerve. It is from these ganglia that many of the gastric plexuses arise.

Development
Early in embryonic development, the embryo has three germ layers and abuts a yolk sac. During the second week of
development, the embryo grows and begins to surround and envelop portions of this sac. The enveloped portions form the
basis for the adult gastrointestinal tract. Sections of this foregut begin to differentiate into the organs of the
gastrointestinal tract, such as the oesophagus, stomach, and intestines.[36]

During the fourth week of development, the stomach rotates. The stomach, originally lying in the midline of the embryo,
rotates so that its body is on the left. This rotation also affects the part of the gastrointestinal tube immediately below the
stomach, which will go on to become the duodenum. By the end of the fourth week, the developing duodenum begins to
spout a small outpouching on its right side, the hepatic diverticulum, which will go on to become the biliary tree. Just below
this is a second outpouching, known as the cystic diverticulum, that will eventually develop into the gallbladder.[36]

Clinical significance
Each part of the digestive system is subject to a wide range of disorders many of which can be congenital. Mouth diseases
can also be caused by pathogenic bacteria, viruses, fungi and as a side effect of some medications. Mouth diseases
include tongue diseases and salivary gland diseases. A common gum disease in the mouth is gingivitis which is caused by
bacteria in plaque. The most common viral infection of the mouth is gingivostomatitis caused by herpes simplex. A
common fungal infection is candidiasiscommonly known as thrush which affects the mucous membranes of the mouth.

There are a number of esophageal diseases such as the development of Schatzki rings that can restrict the passageway,
causing difficulties in swallowing. They can also completely block the esophagus.[37]



Stomach diseases are often chronic conditions and include gastroparesis, gastritis, and peptic ulcers.

A number of problems including malnutrition and anemia can arise from malabsorption, the abnormal absorption of
nutrients in the GI tract. Malabsorption can have many causes ranging from infection, to enzyme deficiencies such as
exocrine pancreatic insufficiency. It can also arise as a result of other gastrointestinal diseases such as coeliac disease.
Coeliac disease is an autoimmune disorder of the small intestine. This can cause vitamin deficiencies due to the improper
absorption of nutrients in the small intestine. The small intestine can also be obstructed by a volvulus, a loop of intestine
that becomes twisted enclosing its attached mesentery. This can cause mesenteric ischemia if severe enough.

A common disorder of the bowel is diverticulitis. Diverticula are small pouches that can form inside the bowel wall, which
can become inflamed to give diverticulitis. This disease can have complications if an inflamed diverticulum bursts and
infection sets in. Any infection can spread further to the lining of the abdomen (peritoneum) and cause potentially fatal
peritonitis.[38]

Crohn's disease is a common chronic inflammatory bowel disease (IBD), which can affect any part of the GI tract,[39] but it
mostly starts in the terminal ileum.

Ulcerative colitis an ulcerative form of colitis, is the other major inflammatory bowel disease which is restricted to the
colon and rectum. Both of these IBDs can give an increased risk of the development of colorectal cancer. Ulcerative coliltis
is the most common of the IBDs[40]

Irritable bowel syndrome (IBS) is the most common of the functional gastrointestinal disorders. These are idiopathic
disorders that the Rome process has helped to define.[41]

Giardiasis is a disease of the small intestine caused by a protist parasite Giardia lamblia. This does not spread but remains
confined to the lumen of the small intestine.[42] It can often be asymptomatic, but as often can be indicated by a variety
of symptoms. Giardiasis is the most common pathogenic parasitic infection in humans.[43]

There are diagnostic tools mostly involving the ingestion of barium sulphate to investigate disorders of the GI tract.[44]
These are known as upper gastrointestinal series that enable imaging of the pharynx, larynx, oesophagous, stomach and
small intestine and lower gastrointestinal series for imaging of the colon.

See also
• Gastrointestinal physiology
• Gut–brain axis
• Neurogastroenterology
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The human digestive system consists of the gastrointestinal tract plus the accessory organs of digestion (the tongue,
salivary glands, pancreas, liver, and gallbladder).[1] In this system, the process of digestion has many stages, the first of
which starts in the mouth. Digestion involves the breakdown of food into smaller and smaller components, until they can
be absorbed and assimilated into the body.

Chewing, in which food is mixed with saliva begins the process of digestion. This produces a bolus which can be swallowed
down the esophagus and into the stomach. Here it is mixed with gastric juice until it passes into the duodenum where it is
mixed with a number of enzymes produced by the pancreas. Saliva also contains a catalytic enzyme called amylase which
starts to act on food in the mouth. Another digestive enzyme called lingual lipase is secreted by some of the lingual
papillae on the tongue and also from serous glands in the main salivary glands. Digestion is helped by the mastication of
food by the teeth and also by the muscular actions of peristalsis and segmentation contractions. Gastric juice in the
stomach is essential for the continuation of digestion as is the production of mucus in the stomach.

Peristalsis is the rhythmic contraction of muscles that begins in the esophagus and continues along the wall of the stomach
and the rest of the gastrointestinal tract. This initially results in the production of chyme which when fully broken down in
the small intestine is absorbed as chyle into the lymphatic system. Most of the digestion of food takes place in the small
intestine. Water and some minerals are reabsorbed back into the blood in the colon of the large intestine. The waste
products of digestion (feces) are defecated from the anus via the rectum.

Components
There are several organs and other components involved in the digestion of food. The organs known as the accessory
digestive glands are the liver, gall bladder and pancreas. Other components include the mouth, salivary glands, tongue,
teeth and epiglottis.

The largest structure of the digestive system is the gastrointestinal tract (GI tract). This starts at the mouth and ends at
the anus, covering a distance of about nine (9) metres.[2]

The largest part of the GI tract is the colon or large intestine. Water is absorbed here and the remaining waste matter is
stored prior to defecation.[1]

Most of the digestion of food takes place in the small intestine.

A major digestive organ is the stomach. Within its mucosa are millions of embedded gastric glands. Their secretions are
vital to the functioning of the organ.

There are many specialised cells of the GI tract. These include the various cells of the gastric glands, taste cells, pancreatic
duct cells, enterocytes and microfold cells.

Some parts of the digestive system are also part of the excretory system, including the large intestine.[1]

Blood supply
The digestive system is supplied by the celiac artery. The celiac artery is the first major branch from the abdominal aorta,
and is the only major artery that nourishes the digestive organs.

There are three main divisions – the left gastric artery, the common hepatic artery and the splenic artery.

The celiac artery supplies the liver, stomach, spleen and the upper 1/3 of the duodenum (to the sphincter of Oddi) and the
pancreas with oxygenated blood. Most of the blood is returned to the liver via the portal venous system for further
processing and detoxification before returning to the systemic circulation via the hepatic portal vein.
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The next branch from the abdominal aorta is the superior mesenteric artery, which supplies the regions of the digestive
tract derived from the midgut, which includes the distal 2/3 of the duodenum, jejunum, ileum, cecum, appendix, ascending
colon, and the proximal 2/3 of the transverse colon.

The final branch which is important for the digestive system is the inferior mesenteric artery, which supplies the regions of
the digestive tract derived from the hindgut, which includes the distal 1/3 of the transverse colon, descending colon,
sigmoid colon, rectum, and the anus above the pectinate line.

Nerve supply
The enteric nervous system consists of some one hundred million neurons[31] that are embedded in the peritoneum, the
lining of the gastrointestinal tract extending from the esophagus to the anus.[32] These neurons are collected into two
plexuses - the myenteric (or Auerbach's) plexus that lies between the longitudinal and the smooth muscle layers, and the
submucosal (or Meissner's) plexusthat lies between the circular smooth muscle layer and the mucosa.[33][34][35]
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Parasympathetic innervation to the ascending colon is supplied by the vagus nerve. Sympathetic innervation is supplied by
the splanchnic nerves that join the celiac ganglia. Most of the digestive tract is innervated by the two large celiac ganglia,
with the upper part of each ganglion joined by the greater splanchnic nerve and the lower parts joined by the lesser
splanchnic nerve. It is from these ganglia that many of the gastric plexuses arise.

Development
Early in embryonic development, the embryo has three germ layers and abuts a yolk sac. During the second week of
development, the embryo grows and begins to surround and envelop portions of this sac. The enveloped portions form the
basis for the adult gastrointestinal tract. Sections of this foregut begin to differentiate into the organs of the
gastrointestinal tract, such as the oesophagus, stomach, and intestines.[36]

During the fourth week of development, the stomach rotates. The stomach, originally lying in the midline of the embryo,
rotates so that its body is on the left. This rotation also affects the part of the gastrointestinal tube immediately below the
stomach, which will go on to become the duodenum. By the end of the fourth week, the developing duodenum begins to
spout a small outpouching on its right side, the hepatic diverticulum, which will go on to become the biliary tree. Just below
this is a second outpouching, known as the cystic diverticulum, that will eventually develop into the gallbladder.[36]

Clinical significance
Each part of the digestive system is subject to a wide range of disorders many of which can be congenital. Mouth diseases
can also be caused by pathogenic bacteria, viruses, fungi and as a side effect of some medications. Mouth diseases
include tongue diseases and salivary gland diseases. A common gum disease in the mouth is gingivitis which is caused by
bacteria in plaque. The most common viral infection of the mouth is gingivostomatitis caused by herpes simplex. A
common fungal infection is candidiasiscommonly known as thrush which affects the mucous membranes of the mouth.

There are a number of esophageal diseases such as the development of Schatzki rings that can restrict the passageway,
causing difficulties in swallowing. They can also completely block the esophagus.[37]



Stomach diseases are often chronic conditions and include gastroparesis, gastritis, and peptic ulcers.

A number of problems including malnutrition and anemia can arise from malabsorption, the abnormal absorption of
nutrients in the GI tract. Malabsorption can have many causes ranging from infection, to enzyme deficiencies such as
exocrine pancreatic insufficiency. It can also arise as a result of other gastrointestinal diseases such as coeliac disease.
Coeliac disease is an autoimmune disorder of the small intestine. This can cause vitamin deficiencies due to the improper
absorption of nutrients in the small intestine. The small intestine can also be obstructed by a volvulus, a loop of intestine
that becomes twisted enclosing its attached mesentery. This can cause mesenteric ischemia if severe enough.

A common disorder of the bowel is diverticulitis. Diverticula are small pouches that can form inside the bowel wall, which
can become inflamed to give diverticulitis. This disease can have complications if an inflamed diverticulum bursts and
infection sets in. Any infection can spread further to the lining of the abdomen (peritoneum) and cause potentially fatal
peritonitis.[38]

Crohn's disease is a common chronic inflammatory bowel disease (IBD), which can affect any part of the GI tract,[39] but it
mostly starts in the terminal ileum.

Ulcerative colitis an ulcerative form of colitis, is the other major inflammatory bowel disease which is restricted to the
colon and rectum. Both of these IBDs can give an increased risk of the development of colorectal cancer. Ulcerative coliltis
is the most common of the IBDs[40]

Irritable bowel syndrome (IBS) is the most common of the functional gastrointestinal disorders. These are idiopathic
disorders that the Rome process has helped to define.[41]

Giardiasis is a disease of the small intestine caused by a protist parasite Giardia lamblia. This does not spread but remains
confined to the lumen of the small intestine.[42] It can often be asymptomatic, but as often can be indicated by a variety
of symptoms. Giardiasis is the most common pathogenic parasitic infection in humans.[43]

There are diagnostic tools mostly involving the ingestion of barium sulphate to investigate disorders of the GI tract.[44]
These are known as upper gastrointestinal series that enable imaging of the pharynx, larynx, oesophagous, stomach and
small intestine and lower gastrointestinal series for imaging of the colon.

See also
• Gastrointestinal physiology
• Gut–brain axis
• Neurogastroenterology
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Test_1: 1 of 4
The largest part of the GI tract is the colon or large intestine. Water is absorbed here and the remaining waste
matter is stored prior to defecation.[1]

Test_1: 2 of 4
There are several organs and other components involved in the digestion of food. The organs known as the
accessory digestive glands are the liver, gall bladder and pancreas. Other components include the mouth,
salivary glands, tongue, teeth and epiglottis.

Test_1: 1 of 4
Peristalsis is the rhythmic contraction of muscles that begins in the esophagus and continues along the wall of
the stomach and the rest of the gastrointestinal tract.

Annotations

A1. Suggested Change - Check punctuation - suggestion?: Peristalsis

A2. Comment: There are several organs and other components involved in the digestion of food.
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Review

Test_1: 1 of 4
Chewing, in which food is mixed with saliva begins the process of digestion. This produces a bolus which can be
swallowed down the esophagus and into the stomach.

Test_1: 4 of 4
Chewing, in which food is mixed with saliva begins the process of digestion. This produces a bolus which can be
swallowed down the esophagus and into the stomach. Here it is mixed with gastric juice until it passes into the
duodenum where it is mixed with a number of enzymes produced by the pancreas. Saliva also contains a
catalytic enzyme called amylase which starts to act on food in the mouth. Another digestive enzyme called
lingual lipase is secreted by some of the lingual papillae on the tongue and also from serous glands in the main
salivary glands. Digestion is helped by the mastication of food by the teeth and also by the muscular actions of
peristalsis and segmentation contractions. Gastric juice in the stomach is essential for the continuation of
digestion as is the production of mucus in the stomach.

Test_1: 3 of 4
Peristalsis is the rhythmic contraction of muscles that begins in the esophagus and continues along the wall of
the stomach and the rest of the gastrointestinal tract. This initially results in the production of chyme which
when fully broken down in the small intestine is absorbed as chyle into the lymphatic system. Most of the
digestion of food takes place in the small intestine. Water and some minerals are reabsorbed back into the blood
in the colon of the large intestine. The waste products of digestion (feces) are defecated from the anus via the
rectum.

Test_1: 2 of 4
There are several organs and other components involved in the digestion of food. The organs known as the
accessory digestive glands are the liver, gall bladder and pancreas. Other components include the mouth,
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salivary glands, tongue, teeth and epiglottis.
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B1. Comment: A major digestive organ is the stomach. Within its mucosa are millions of embedded gastric glands.
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Thyroiditis
Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below the
laryngeal prominence, and makes hormones that control metabolism.

Classification
Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's thyroiditis,
the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis, silent thyroiditis, drug-
induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's thyroiditis.[1]

Each different type of this disease has its own causes, clinical features, diagnoses, durations, resolutions, conditions and
risks.

Causes
Thyroiditis is generally caused by an attack on the thyroid, resulting in inflammation and damage to the thyroid cells. This
disease is often considered a malfunction of the immune system, and can be associated with IgG4-related systemic
disease, in which symptoms of autoimmune pancreatitis, retroperitoneal fibrosis and noninfectious aortitis also occur. Such
is also the case in Riedel thyroiditis, an inflammation in which the thyroid tissue is replaced by fibrous tissue which can
extend to neighbouring structures. Antibodies that attack the thyroid are what causes most types of thyroiditis. It can also
be caused by an infection, like a virus or bacteria, which works in the same way as antibodies to cause inflammation in the
glands, such as in the case of subacute granulomatous thyroiditis (de Quervain).[4] Certain people make thyroid
antibodies, and thyroiditis can be considered an autoimmune disease, because the body acts as if the thyroid gland is
foreign tissue.[5] Some drugs, such as interferon, lithium and amiodarone, can also cause thyroiditis because they have a
tendency to damage thyroid cells.

Diagnosis/investigation
The most common and helpful way to diagnose thyroiditis is first for a physician to palpate the thyroid gland during a
physical examination. Laboratory tests allow doctors to evaluate the patient for elevated erythrocyte sedimentation rates,
elevated thyroglobulin levels, and depressed radioactive iodine uptake (Mather, 2007). Blood tests also help to determine
the kind of thyroiditis and to see how much thyroid stimulating hormone the pituitary gland is producing and what
antibodies are present in the body. In some cases a biopsy may be needed to find out what is attacking the thyroid.

Treatment
Treatments for this disease depend on the type of thyroiditis that is diagnosed. For the most common type, which is known
as Hashimoto's thyroiditis, the treatment is to immediately start hormone replacement. This prevents or corrects the
hypothyroidism, and it also generally keeps the gland from getting bigger. However, Hashimoto's thyroiditis can initially
present with excessive thyroid hormone being released from the thyroid gland (hyperthyroid). In this case the patient may
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only need bed rest and non-steroidal anti-inflammatory medications; however, some need steroids to reduce inflammation
and to control palpitations. Also, doctors may prescribe beta blockers to lower the heart rate and reduce tremors, until the
initial hyperthyroid period has resolved.[6]

Epidemiology
Most types of thyroiditis are three to five times more likely to be found in women than in men. The average age of onset is
between thirty and fifty years of age. This disease tends to be geographical and seasonal, and is most common in summer
and fall.[3]

Hashimoto's thyroiditis
Hashimoto's thyroiditis was first described by Japanese physician Hashimoto Hakaru working in Germany in 1912.
Hashimoto's thyroiditis is also known as chronic lymphocytic thyroiditis, and patients with this disease often complain
about difficulty swallowing. This condition may be so mild at first that the disease goes unnoticed for years. The first
symptom that shows signs of Hashimoto's thyroiditis is a goiter on the front of the neck. Depending on the severity of the
disease and how much it has progressed, doctors then decide what steps are taken for treatment.

See also
• Hypothyroidism
• Hashitoxicosis
• Hyperthyroidism
• Hashimoto's disease
• Thyroid cancer
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Thyroiditis
Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below the
laryngeal prominence, and makes hormones that control metabolism.

Classification
Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's thyroiditis,
the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis, silent thyroiditis, drug-
induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's thyroiditis.[1]

Each different type of this disease has its own causes, clinical features, diagnoses, durations, resolutions, conditions and
risks.

Causes
Thyroiditis is generally caused by an attack on the thyroid, resulting in inflammation and damage to the thyroid cells. This
disease is often considered a malfunction of the immune system, and can be associated with IgG4-related systemic
disease, in which symptoms of autoimmune pancreatitis, retroperitoneal fibrosis and noninfectious aortitis also occur. Such
is also the case in Riedel thyroiditis, an inflammation in which the thyroid tissue is replaced by fibrous tissue which can
extend to neighbouring structures. Antibodies that attack the thyroid are what causes most types of thyroiditis. It can also
be caused by an infection, like a virus or bacteria, which works in the same way as antibodies to cause inflammation in the
glands, such as in the case of subacute granulomatous thyroiditis (de Quervain).[4] Certain people make thyroid
antibodies, and thyroiditis can be considered an autoimmune disease, because the body acts as if the thyroid gland is
foreign tissue.[5] Some drugs, such as interferon, lithium and amiodarone, can also cause thyroiditis because they have a
tendency to damage thyroid cells.

Diagnosis/investigation
The most common and helpful way to diagnose thyroiditis is first for a physician to palpate the thyroid gland during a
physical examination. Laboratory tests allow doctors to evaluate the patient for elevated erythrocyte sedimentation rates,
elevated thyroglobulin levels, and depressed radioactive iodine uptake (Mather, 2007). Blood tests also help to determine
the kind of thyroiditis and to see how much thyroid stimulating hormone the pituitary gland is producing and what
antibodies are present in the body. In some cases a biopsy may be needed to find out what is attacking the thyroid.

Treatment
Treatments for this disease depend on the type of thyroiditis that is diagnosed. For the most common type, which is known
as Hashimoto's thyroiditis, the treatment is to immediately start hormone replacement. This prevents or corrects the
hypothyroidism, and it also generally keeps the gland from getting bigger. However, Hashimoto's thyroiditis can initially
present with excessive thyroid hormone being released from the thyroid gland (hyperthyroid). In this case the patient may
only need bed rest and non-steroidal anti-inflammatory medications; however, some need steroids to reduce inflammation
and to control palpitations. Also, doctors may prescribe beta blockers to lower the heart rate and reduce tremors, until the
initial hyperthyroid period has resolved.[6]

Epidemiology
Most types of thyroiditis are three to five times more likely to be found in women than in men. The average age of onset is
between thirty and fifty years of age. This disease tends to be geographical and seasonal, and is most common in summer
and fall.[3]

Hashimoto's thyroiditis
Hashimoto's thyroiditis was first described by Japanese physician Hashimoto Hakaru working in Germany in 1912.



Hashimoto's thyroiditis is also known as chronic lymphocytic thyroiditis, and patients with this disease often complain
about difficulty swallowing. This condition may be so mild at first that the disease goes unnoticed for years. The first
symptom that shows signs of Hashimoto's thyroiditis is a goiter on the front of the neck. Depending on the severity of the
disease and how much it has progressed, doctors then decide what steps are taken for treatment.

See also
• Hypothyroidism
• Hashitoxicosis
• Hyperthyroidism
• Hashimoto's disease
• Thyroid cancer

Footnotes
1. ^ (190 keV, with typical beta-decay spectra present) have a tissue penetration of 0.6 to 2 mm.
2. ^ (190 keV, with typical beta-decay spectra present) have a tissue penetration of 0.6 to 2 mm.
3. ^ (190 keV, with typical beta-decay spectra present) have a tissue penetration of 0.6 to 2 mm.
4. ^ (190 keV, with typical beta-decay spectra present) have a tissue penetration of 0.6 to 2 mm.
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Review

Test_1: 1 of 4
Thyroiditis is generally caused by an attack on the thyroid, resulting in inflammation and damage to the thyroid
cells.

Test_1: 4 of 4
Thyroiditis is generally caused by an attack on the thyroid, resulting in inflammation and damage to the thyroid
cells. This disease is often considered a malfunction of the immune system, and can be associated with
IgG4-related systemic disease, in which symptoms of autoimmune pancreatitis, retroperitoneal fibrosis and
noninfectious aortitis also occur. Such is also the case in Riedel thyroiditis, an inflammation in which the thyroid
tissue is replaced by fibrous tissue which can extend

Test_1: 2 of 4
Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's
thyroiditis, the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis,
silent thyroiditis, drug-induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's
thyroiditis.[1]

Test_1: 1 of 4
Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below
the laryngeal prominence, and makes hormones that control metabolism.
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A3. Comment: Treatments for this disease depend on the type of thyroiditis that is diagnosed.
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Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below
the laryngeal prominence, and makes hormones that control metabolism.Thyroiditis is the inflammation of the
thyroid gland. The thyroid gland is located on the front of the neck below the laryngeal prominence, and makes
hormones that control metabolism.Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is
located on the front of the neck below the laryngeal prominence, and makes hormones that control metabolism.

Test_1: 4 of 4
Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below
the laryngeal prominence, and makes hormones that control metabolism.Thyroiditis is the inflammation of the
thyroid gland. The thyroid gland is located on the front of the neck below the laryngeal prominence, and makes
hormones that control metabolism.Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is
located on the front of the neck below the laryngeal prominence, and makes hormones that control
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metabolism.Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the
neck below the laryngeal prominence, and makes hormones that control metabolism.Thyroiditis is the
inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below the laryngeal
prominence, and makes hormones that control metabolism.Thyroiditis is the inflammation of the thyroid gland.
The thyroid gland is located on the front of the neck below the laryngeal prominence, and makes hormones that
control metabolism.Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front
of the neck below the laryngeal prominence, and makes hormones that control metabolism.Thyroiditis is the
inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below the laryngeal
prominence, and makes hormones that control metabolism.Thyroiditis is the inflammation of the thyroid gland.
The thyroid gland is located on the front of the neck below the laryngeal prominence, and makes hormones that
control metabolism.Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front
of the neck below the laryngeal prominence, and makes hormones that control metabolism.v

Test_1: 3 of 4
Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below
the laryngeal prominence, and makes hormones that control metabolism.Thyroiditis is the inflammation of the
thyroid gland. The thyroid gland is located on the front of the neck below the laryngeal prominence, and makes
hormones that control metabolism.Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is
located on the front of the neck below the laryngeal prominence, and makes hormones that control metabolism.

Test_1: 2 of 4
Thyroiditis is the inflammation of the thyroid gland. The thyroid gland is located on the front of the neck below
the laryngeal prominence, and makes hormones that control metabolism.
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Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's
thyroiditis, the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis,
silent thyroiditis, drug-induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's
thyroiditis.[1]

Test_1: 3 of 4
Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's
thyroiditis, the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis,
silent thyroiditis, drug-induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's
thyroiditis.[1]

Test_1: 2 of 4
Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's
thyroiditis, the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis,
silent thyroiditis, drug-induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's
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thyroiditis.[1]

Test_1: 2 of 4
Thyroiditis is a group of disorders that all cause thyroidal inflammation. Forms of the disease are Hashimoto's
thyroiditis, the most common cause of hypothyroidism in the US, postpartum thyroiditis, subacute thyroiditis,
silent thyroiditis, drug-induced thyroiditis, radiation-induced thyroiditis, acute thyroiditis, and Riedel's
thyroiditis.[1]
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