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REPROTEXT documents help to evaluate human reproductive risks from exposures to drugs, chemical, 
and physical/environmental agents.
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RADIATION

 1.0   ADMINISTRATION

SYNONYMS

GENERAL TOXICITY HAZARD RATING

REPRODUCTIVE HAZARD RATING

 1.1   SYNONYMS
A) 

IONIZING RADIATION
RADIATION, IONIZING
GAMMA RAYS
BETA PARTICLES
ALPHA PARTICLES
POSITRONS
X-RAYS
NEUTRONS
RADIOACTIVE MATERIAL
RADIOACTIVE MATERIAL, ARTICLES MANUFACTURED from NATURAL OR DEPLETED URANIUM AND
NATURAL THORIUM
RADIOACTIVE MATERIAL, EMPTY PACKAGE-ARTICLES MANUFACTURED from NATURAL OR
DEPLETED URANIUM OR THORIUM (NATURAL)
RADIOACTIVE MATERIAL, EMPTY PACKAGES
RADIOACTIVE MATERIAL, EXCEPTED PACKAGE-EMPTY PACKAGING
RADIOACTIVE MATERIAL, EXCEPTED PACKAGE-LIMITED QUANTITY OF MATERIAL
RADIOACTIVE MATERIAL, EXCEPTED PACKAGES
RADIOACTIVE MATERIAL, INSTRUMENTS AND ARTICLES
RADIOACTIVE MATERIAL, LIMITED QUANTITY, N.O.S.
RADIOACTIVITY
RADIOISOTOPES
RADIONUCLIDES
URANIUM METAL, PYROPHORIC
YELLOW CAKE (SLANG FOR URANIUM OXIDE)

 

 1.4   GENERAL TOXICITY HAZARD RATING
A)  3
 

 1.5   REPRODUCTIVE HAZARD RATING
A)  A
 

 

 2.0   INTRODUCTION
A)  FORMS

1)  ALPHA ionizing radiation is:
1)  2 neutrons and 2 protons
2)  Highly ionizing
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3)  Travels several centimeters in air and a few microns in tissue
4)  Stopped by a thin paper or clothing
5)  Threat is inhalation or absorption of alpha emitter in wounds.

2)  BETA ionizing radiation is:
1)  High energy "electron" emitted from nucleus
2)  Can have wide range of energies depending upon particular radionuclide
3)  Moderately penetrating
4)  Up to a few meters in airMillimeters in tissue
5)  Some protection by PPE

3)  GAMMA or X-Ray photons are:
1)  High energy rays
2)  Very penetrating
3)  Difficult to shield (need lead or other dense material)
4)  PPE will not protect against photon radiation

4)  NEUTRONS ionizing radiation are:
1)  Neutral particles emitted from the nucleus
2)  Can be very penetrating
3)  Requires special consideration for shielding

5)  Units of measure of radiation include (1) gray (Gy) - basic unit for measuring radiation dose; (2) rem -
quantifies the amount of damage that is suspected from a particular type of radiation (Jarrett, 1999).
6)  Radiation half-life is the time required for a radioactive substance to lose half of its radioactivity. Each
radionuclide has a unique half-life, with half-lives ranging from extremely short (fraction of a second) to millions of
years (Jarrett, 1999).

B)  SOURCES
1)  Radiation exposure may occur in medical, industrial, and laboratory accidents in which individuals are exposed
to unacceptably high doses of radiation (ICRP, 1977; Gains, 1989; Wagner et al, 1994). With increased use of
radioactive materials, there is also an increased need for transport of such materials with the attendant risk of
transport accidents and releases. In addition, there remains the possibility of exposure of large masses of people
through detonation of nuclear weapons (Conklin et al, 1983).
2)  Ionizing radiation, resulting from decay of unstable nuclei, consists of three classes of ionizing radiation:
alpha, beta, and gamma radiation (NATO , 1995).

a)  Alpha radiation (alpha particles) are helium nuclei which are mainly emitted from heavy nuclei such as
uranium-235 or plutonium-239. The range of these particles is a few centimeters in air, and a few tenths of a
millimeter in body tissue. These particles generally can not penetrate human skin, but may cause damage
when ingested or inhaled.
b)  Beta radiation (beta particles) consists of electrons and positrons which can be stopped by 1 cm of water
or 10 m of air. In body tissue beta radiation has a range of up to 10 mm. Strontium-90, a beta-emitting
substance, can penetrate skin and can also be systemically absorbed through ingestion and inhalation.
c)  Gamma radiation (gamma rays) consists of photons with a large range as compared with alpha and beta
radiation. A human body may only partly stop gamma radiation and it is only minimally stopped by air.
Shielding by lead or other dense material is required to stop gamma radiation.

3)  SOURCES OF LARGE RADIOACTIVE DISCHARGES
a)  REACTOR ACCIDENTS - Radioactive substances such as I-131 may be released from nuclear power
reactors (Becker, 1987) Jarrett. 1999). Nuclear energy production carries the extremely small risk of radiation
accidents and radiation exposure of the general population worldwide (Champlin et al, 1988).
b)  WINDSCALE (Sellafield, England, 1957): 30,000 Ci of iodine-131, 12,000 Ci of tellurium-132, and 600 Ci
of cesium-137 were released (Diffre, 1990). A curie (Ci) is a unit of activity equal to 3.61 x 10(10)
disintegration per second.
c)  KYSCHTYMSK (Urals, 1957): 1 x 10(6) Ci of strontium-90 were estimated to have contaminated an area
of 100 to 1,000 square kilometers (Diffre, 1990).
d)  THREE MILE ISLAND (USA, 1979): Approximately 6 x 10(11) Bq of iodine-131 was released (Diffre,
1990). A becquerel (Bq) is a unit of activity, with 1 Bq equal to 1 disintegration/second. 1 curie equals 3.61 x
10(10) Bq.
e)  CHERNOBYL (Byelorussia/Ukraine, 1986): 10 x 10(7) Ci of strontium-90 was reported to have been
released, causing 2000 to 3000 square kilometers of soil to be unfit for agriculture (Diffre, 1990).

4)  OTHER SOURCES
a)  MILK: Iodine-131 is concentrated in the milk of herbivorous animals.
b)  RADIUM-226: Is absorbed by plants and animals and its concentration in the human body results from
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ingestion of food (Diffre, 1990).
c)  RAINWATER: Usually contains beryllium, carbon-14, tritium, strontium-90, and cesium-137; total normal
beta radioactivity is around 1 Bq/L (Diffre, 1990).
d)  UNDERGROUND WATER: Contains uranium-238 and related products and radium-226. It also contains
radon-222 which can be highly concentrated at the source of thermal springs (Diffre, 1990).
e)  SEAWATER: Beta radioactivity, primarily from potassium-40, is around 10 Bq/L (Diffre, 1990).
f)  BULLETS: Depleted uranium, "DU", used in armor-piercing shells contains 99.75 percent U-238; soldiers
handling or shot with these bullets may be exposed (Christensen, 1993).
g)  Common fission products from nuclear tests that have fallen onto the surface of the globe include:
strontium-90, cesium-137, iodine-129, and iodine-131 (Diffre, 1990).

1)  Strontium-90 has chemical properties similar to calcium and is deposited in bone.
2)  Cesium-137 behaves similarly to potassium, but it remains in the human body 2 to 5 times longer.
3)  Iodine-129 has an atmospheric half-life of 16 x 10(6) years. Radioactive iodine is stored by mammals
in the thyroid gland; there its concentration is 3 to 4 times that of exposed grass.

C)  USES
1)  AMERICIUM-241 is a decay daughter of plutonium and is an alpha emitter, readily detectable with a standard
radiac instrument due to emission of a 60-kEv gamma ray. Its use includes smoke detectors and other
instruments, and it is found in fallout from a nuclear weapon detonation. It is considered a heavy metal poison, but
in large radioactive doses, can cause whole-body irradiation. 75% of an initial lung burden is absorbed with 10% of
the particles retained in the lung. GI absorption is minimal, but absorption through skin wounds may be rapid.
Elimination occurs via urinary and hepatic excretion (Jarrett, 1999).
2)  CESIUM-137 may be found in medical radiotherapy devices. It was reported to be used in the Chechen RDD
threat against Moscow. Both gamma rays and beta radiation are emitted and can be readily detected by gamma
instruments. Absorption is complete via the lungs, GI tract and skin wounds. It is soluble in most forms and is
treated by metabolism as a potassium analog. Excretion is via the urine. Whole-body irradiation is the primary
toxicity, with deaths due to acute radiation syndrome reported (Jarrett, 1999).
3)  COBALT-60 is commonly used in medical radiotherapy devices and commercial food irradiators. Most
commonly, contamination is discovered after improper disposal, or after destruction of a hospital or commercial
facility. Generation of high-energy gamma rays and 0.31-MeV beta rays are produced. A gamma detector provides
easy detection. Uses of cobalt include as a contaminant in an improvised nuclear device to make fallout more
radioactive. Rapid absorption occurs from the lungs, but less than 5% will be absorbed via the GI tract. Wound
absorption is not known. Whole-body irradiation and acute radiation syndrome are its primary toxicities (Jarrett,
1999).
4)  DEPLETED URANIUM (DU) emits limited alpha, beta, and some gamma radiation, but poses no significant
radiation threat. It is found in armor-piercing munitions, armor, and aircraft counterweights and is readily
detectable with a typical end-window G-M (Geiger-Mueller) counter. Inhaled uranium compounds can be
metabolized and result in urinary excretion. DU oxides may be inhaled during tank fires or by entering destroyed
armored vehicles without a protective mask. Absorption is determined by the chemical state of the uranium, with
soluble salts being readily absorbed and the metal not being absorbed. If DU metal fragments become
encapsulated in wounds, they are gradually metabolized, resulting in whole-body distribution, especially to bones
and kidney. No renal toxicity has been documented to date. DU does cross the placenta (Jarrett, 1999).
5)  IODINE-131, 132, 134, and 135 are found after reactor accidents and following the destruction of a nuclear
reactor by hostile forces. Radioactive iodine (RAI), a normal fission product found in reactor fuel rods, is released
by rupturing the reactor core and its containment vessel. Wind patterns at the time of destruction determine the
fallout pattern. Most of its radiation is beta rays, with some gamma. Toxicity is primarily to the thyroid gland. RAI
concentrates in the thyroid due to uptake by this gland, and allows local irradiation similar to therapeutic thyroid
ablation. Following the Chernobyl disaster, a high incidence of childhood thyroid carcinoma was reported (Jarrett,
1999).
6)  PHOSPHORUS-32 is usually found in research laboratories and in medical facilities with use as a tracer. It
emits strong beta rays and can be detected with the beta shield open on a beta-gamma detector. It is completely
absorbed from all sites and is deposited in the bone marrow and other rapidly replicating cells. Local irradiation
results in cell damage (Jarrett, 1999).
7)  PLUTONIUM-239, -238 is produced from uranium in reactors and is the primary fissionable material in nuclear
weapons and is the predominant radioactive contaminant in nuclear weapons accidents. Its primary radiation
the form of alpha particles, thus not presenting an external irradiation hazard. It is ALWAYS contaminated with
americium, which is a fairly readily detectable x-ray by use of thin-walled gamma probe. Primary toxicity is via the
inhalation route, with 5-micron or smaller particles remaining in the lung and metabolized based on its salt
solubility. Local irradiation damage is caused by remaining particles in the lungs. The chemical state of plutonium
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determines its GI absorption, with the metal not being absorbed. After 24 hours, stool specimens are positive and
after 2 weeks urine specimens are positive. Wound absorption is variable. Plutonium is able to be washed from
intact skin (Jarrett, 1999).
8)  RADIUM-226 has no military use, but may be found in FSU equipment as instrument illumination, in industrial
applications, and in older medical equipment. Its primary radiation is due to alpha particles, but daughter products
emit beta and gamma rays, which in quantity may present a serious external irradiation hazard. Exposures are
usually by ingestion, with 30% absorption. Wound absorption is not known, but radium will follow calcium to bone
deposition. Leukemia, aplastic anemia, and sarcomas are associated with chronic exposures (Jarrett, 1999).
9)  STRONTIUM-90 is a direct fission product (daughter) of uranium, with it and its daughters emitting both beta
and gamma rays which can be an external irradiation hazard if present in quantity. Strontium follows calcium and is
readily absorbed via both respiratory and GI routes. Up to 50% of a radiation dose will be deposited in bone
(Jarrett, 1999).
10)  TRITIUM (hydrogen-3) is hydrogen with a nucleus composed of two neutrons and one proton. It has found
use in nuclear weapons and in the U.S. (and other Western countries) in luminescent gun sights and muzzle-
velocity detectors. It is NOT likely to be a hazard except within a confined space. Tritium gas is rapidly diffused into
the atmosphere. Since tritium is a beta emitter, it is NOT a significant irradiation hazard. Water formed from tritium
(HTO) is completely absorbed and equilibrates with body water. Excretion is via the urine, with urine samples
positive within an hour of significant exposure. A single acute exposure has NOT been reported to result in any
significant health effects (Jarrett, 1999).
11)  URANIUM-238, -235, -239 can be found, in increasing order of radioactivity, in depleted uranium (DU), natural
uranium, fuel rods, and weapons-grade material. Alpha, beta, and gamma radiation are emitted from uranium and
its daughters. Neither DU nor natural uranium present any serious irradiation threats. Significant levels of gamma
particles are emitted from used fuel rods and weapons-grade (enriched) uranium containing fission products.
Following placement of enough enriched uranium together, a critical mass may form and emit lethal levels of
radiation. This scenario could occur in a fuel-reprocessing plant or melted reactor core. Following inhalation,
uranium compounds may be metabolized and excreted in the urine. Following an acute exposure, uranium urine
levels of 100 mcg/dL may cause renal failure. Absorption is determined by the chemical state of the uranium, with
soluble salts readily absorbed and the metal not absorbed (Jarrett, 1999).

 

 3.0   EFFECTS OF ACUTE EXPOSURE
A)  The biological effects of exposure to ionizing radiation in humans are well known. Acute exposures greater than 1
Gray (100 rads) may result in radiation sickness, with the primary targets being blood-forming cells, the intestinal
mucosa, and the brain. With whole-body radiation, less than 200 RADs is not lethal, 200 to 1000 RADs may be lethal,
and exposure to greater than 1,000 rads is supralethal (Conklin et al, 1983).
B)  ACUTE RADIATION SYNDROME may vary in nature and severity, depending on the total dose, dose rate, dose
distribution, and individual susceptibility (NAS, 1963) and is divided into four distinct clinical phases: PRODROME,
LATENT, MANIFEST ILLNESS, and RECOVERY.
C)  The PRODROME is the initial phase, which generally appears within minutes to hours after exposure. It is
characterized by nausea, vomiting, diarrhea, excessive salivation, intestinal cramps, dehydration, fatigue, weakness,
apathy, fever, and hypotension (Conklin et al, 1983).
D)  The LATENT period is an intervening time between exposure and the development of obvious symptoms; duration
may be from several days to weeks.
E)  MANIFEST ILLNESS occurs when effects on the blood-forming system become apparent. It is characterized by
reduction in the counts of all types of blood cells (pancytopenia, thromobytopenia), resulting in infections, increased
risk of bleeding, and anemia. The chronological order of the cellular loss is lymphocytes, granulocytes, and platelets,
followed by red blood cells (Conklin et al, 1983).
F)  The central nervous system (CNS) syndrome associated with low-level exposure can be manifested as subtle
neuropsychological symptoms such as mental cloudiness, listlessness, drowsiness, and lethargy. With higher-level
exposure, CNS signs are more obvious: ataxia, psychological and behavioral disturbances, nystagmus, and tremor.
Seizures may occur rarely.
G)  Other consequences of acute exposure to ionizing radiation are dermal erythema (NAS, 1983) and burns
(Andrews & Cloutier, 1965). Epilation (hair loss) generally occurs about two weeks after acute exposure when the skin
dose exceeds 300 RADs (Andrews & Cloutier, 1965).
H)  Partial body exposure to high doses of beta- and gamma-radiation can produce delayed skin lesions (bruises,
ulcers, and scars) as occurred in victims of the Chernobyl incident (Peter et al, 1994).
I)  Brains of mice irradiated with either mid-brain or whole-body doses of at least 7 Gy produced dose-dependent
increases of tumor necrosis factor-alpha, interleucin-1 beta, intercellular adhesion molecule-1, alpha
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1-antichymotrypsin, interleukin-1 alpha and glial fibrillary acidic protein. These responses were suppressed by
dexamethasone or pentoxifylline (Hong et al, 1995).
 

 4.0   EFFECTS OF CHRONIC EXPOSURE
A)  The major difference between survivors of atomic bomb explosions and persons occupationally exposed to ionizing
radiation is that atomic bomb survivors received a large acute radiation dose, while occupational exposures generally
involve small, chronic radiation doses. Chronic exposure to ionizing radiation results in an increased cancer risk
without the risk of acute radiation syndrome.
B)  An increased risk of developing lung cancer and other lung diseases has been confirmed in uranium miners whose
main exposure to ionizing radiation is radon daughters (Brandom, 1978). Workers in the Florida phosphate industry
have also been followed in retrospective mortality studies. In one study conducted by NIOSH of virtually all workers at
a phosphate fertilizer plant in Polk County, Florida, an excess of lung cancers in nonwhite males was seen upon
stratification into subgroups by duration of employment (p 25). The investigators concluded that these results were only
suggestive.
C)  A retrospective mortality study was carried out amongst all employees of the Florida phosphate industry
(Checkoway, 1985). This study, which followed 22,323 workers from 1949 to 1978, found a small excess standard
mortality ratio (SMR) for lung cancer when compared to the national average, but not when compared to the higher
average for Florida. No trends were seen with duration of employment.
D)  Occupational exposure to low doses of ionizing radiation has been associated with damage to the microcirculation,
as revealed by capillary microscopy of the fingernail-fold (Tomei et al, 1996).
 

 5.0   CARCINOGENIC EFFECTS

HUMAN, SUMMARY

HUMAN, STUDIES

 5.2   HUMAN, SUMMARY
A)  Ionizing radiation has carcinogenic effects in many tissues.
B)  Acute ionizing radiation exposure survivors have increased long-term cancer risks. A dose-response
relationship exists between exposure to ionizing radiation and the risk for the subsequent development of cancer.
 

 5.3   HUMAN, STUDIES
A)  ATOMIC BOMB SURVIVORS

1)  GENERAL
a)  Survivors of acute exposures have long-term risks, as seen in Japanese atomic bomb survivors.
There is a dose-response relationship between exposure to ionizing radiation and risk for cancer.
Radiation-induced tumors among atomic bomb detonation survivors include acute leukemia, thyroid
cancer, breast cancer, lung cancer, gastric cancer, colon cancer and skin cancer (Shintani et al, 1997).
The major toxicity of low- and moderate-dose ionizing radiation is cancer induction (Schneider & Burkart,
1998; Broerse & Dennis, 1990; Chau, 1987). There is a significantly reduced risk of developing cancer
with increasing age at the time of exposure (Little et al, 1998).
b)  All atomic bomb-related cancers have had a radiation dose dependence, but the shape of the
dose-response curves differs with different cancers, suggesting that the mechanism(s) of radiation
induced cancers is complex. Although dosimetry is still being refined, in general the risk of developing
cancer was significant if the dose was 100 rads or greater. The first 30 years of follow-up of the Japanese
atomic bomb survivors are published in Okada et al (1975).
c)  LEUKEMIA

1)  LEUKEMIAS were the first evident cancers in atomic bomb survivors, with incidence peaking 7 to
8 years after exposure. The incidence of both acute and chronic leukemias was elevated, except for
the notable absence of chronic lymphocytic leukemia (Little, 1993). The peak onset for acute
leukemias was age-dependent, with incidence reaching a maximum at an age corresponding to
approximately 1.5 times the age of the subject at the time of exposure. The time of onset for chronic
leukemias did not have such a striking age effect; the difference in time of onset for different age
groups was only about 3 years. The incidence of all leukemias has subsided with time, but it is not
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clear if the risk for leukemia has declined to background values. With the decline of leukemias, the
onset of other types of cancer has become apparent in atomic bomb survivors. To date there is a
clearly increased risk for cancers of the THYROID, BREAST (female), and LUNG. Stomach cancer
and cancers of the salivary gland are suspected but not yet confirmed. In contrast to the leukemias,
the time of onset for breast cancer has not been earlier than expected. Rather, breast cancer has
appeared at a higher, dose-related frequency at the ages when it usually occurs.
All these cancers have had a radiation dose dependence, but the shape of the dose-response
curves differs for different cancers, suggesting that the mechanism(s) of radiation-induced cancers
is complex and perhaps different for different cancers. Although the dosimetry is still being refined, in
general the risk for cancer was significant if the dose was 1 Gy or greater. The first 30 years of
follow-up of this population are published in Okada et al (1975).

2)  Deaths from cancer in relation to radiation exposure have been analyzed in the UK National
Registry for Radiation Workers (Kendall et al, 1992). Significant elevation was seen for leukemias
(excluding chronic lymphatic). Resulting lifetime risk was 10.0 percent per Sv for all cancers, and
0.76 percent per Sv for leukemia (excluding chronic lymphatic). These risks are somewhat higher
than those proposed by the International Commission on Radiological Protection. There was no
association seen with prostate cancer.
3)  Draper et al (1997) concluded that the hypothesis of paternal preconception irradiation being a
cause of childhood leukemia and non-Hodgkins lymphoma was NOT supported based on a case
control study of 35,949 children diagnosed with cancer together with matched controls. Busby & Cato
(1998) refute the above findings, stating that exposure to internal radioisotopes may be responsible
for some cancers, which was not taken into consideration. Alexander (1998) also refutes the above
findings, stating that effects of population mixing may be diluted in the workers described in the
study.

d)  MENINGIOMA
1)  MENINGIOMA - Shintani et al (1997) reported a dose-response effect in atomic bomb detonation
survivors with meningioma. Incidence of meningioma increased between 1975 and 1994 in survivors
of the Hiroshima atomic bomb detonation (Shintani et al, 1997).

e)  MUCOEPIDERMOID TUMORS
1)  In the Life Span Study cohort of atomic bomb detonation survivors followed by the Radiation
Effects Research Foundation, 145 tumors of the salivary glands were identified. Frequency of
mucoepidermoid tumors was disproportionately high at higher radiation doses (p=0.04). Frequency
of Warthin's tumor increased with increasing radiation dose (p=0.06). A causal role is suggested for
ionizing radiation in salivary gland tumorigenesis (Saku et al, 1997).

B)  OCCUPATIONAL EXPOSURES
1)  Doody et al (1995) conducted a case-control study of breast cancer and employment practices among
female radiologic technologists (over 105,000 female medical radiation workers). Breast cancer cases
(n=528) were matched to approximately 5 control subjects each (n=2628). No significant increase in breast
cancer with occupational ionizing radiation exposure was found when compared to controls.
2)  A study of 95,673 nuclear industry workers in the USA, UK, and Canada found no association between
radiation dose and all causes of cancer deaths (Cardis et al, 1995).

a)  Less than 15 percent of this cohort were women and their mean cumulative radiation dose was 7-1/2
times less than that of men.
b)  Mortality from multiple myeloma and leukemias (except chronic lymphocytic leukemia) was
significantly related to radiation doses. Of 119 leukemia deaths in this cohort, 6 were in workers with
cumulative exposures in the 400 millisievert range.
c)  In these workers, there was a significantly increased risk of developing leukemia at relatively low
ionizing radiation doses and a dose-related increased multiple myeloma mortality (Cardis et al, 1995).

3)  In a mortality study of 15,727 white male workers at the US Los Alamos National Laboratory hired between
1943 and 1977, statistically positive dose-related trends were found for development of Hodgkin's disease,
malignant brain tumors, and esophageal cancers (Wiggs et al, 1994). The brain tumors reported as the cause
of death may have been metastatic rather than primary tumors (Wiggs et al, 1995).
4)  In a cancer mortality study of 8997 male employees of Atomic Energy of Canada, workers exposed to
external low-linear-energy transfer ionizing radiation had a positive dose-related association between
exposure and death from leukemia (although this was based on only 4 deaths) (Gribbin et al, 1993).
5)  No significant association was found between development of lung cancer and ionizing radiation
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in a cohort of 5657 workers of the former Spanish Nuclear Energy Board (Junta de Energia Nuclear) in a
retrospective cohort study carried out between 1954 and 1992 (Rodriquez Artalejo et al, 1997).

a)  There was excess mortality due to malignant brain tumors in this cohort (6 observed cases).
6)  In a nested case-control study of US Airforce personnel, there was no association between development of
brain tumors and ionizing radiation exposure (Grayson, 1996).
7)  In a health survey of 79,016 female certified radiologic technologists, employment in this profession was
not found to increase the risk of developing breast cancer (Boice et al, 1995).
8)  A cohort analysis was conducted to evaluate the incidence of mortality following occupational exposure to
uranium and vanadium, and involved 1484 uranium mill workers employed in one of seven uranium mills for at
least one year on or after January 1, 1940. The analysis showed that mortality from all malignant neoplasms
was less than expected, although there were non-significant increases in mortality from trachea, bronchus,
and lung cancer, and lymphatic and hematopoietic malignancies (primarily lymphosarcoma, reticulosarcoma,
and Hodgkin's disease). Overall, mortality from all cancers was highest among those workers with the shortest
duration of employment and lowest among those with the longest duration of employment. However, firm
conclusions regarding the association between occupational exposure from uranium mills and the incidence of
mortality from various cancers cannot be established due to limitations of the analysis including the small
cohort size, limited power to detect a moderately increased risk for some outcomes of interest, the inability to
estimate individual exposures, and the lack of smoking data (Pinkerton et al, 2004)

C)  COMMUNITY BASED EXPOSURES
1)  Increased occurrence of childhood and adult thyroid cancer has been documented with a 4 to 5 year
latency in Belarus, the Ukraine, and the USA following releases of I-131 from the Chernobyl disaster, distant
US nuclear weapons plants, US atmospheric atomic weapons detonations, and a release from the Millstone
nuclear power plant in the USA (Mangano, 1996; Hamilton et al, 1987).

a)  In a cohort of 2473 persons potentially exposed to fallout from US nuclear weapons testing, a
statistically significant excess of thyroid neoplasms (both benign and malignant) was found, although only
19 persons developed these tumors (Kerber et al, 1993).

2)  A community-based health survey, from 1944 to 1995 and involving 801 individuals who had lived
downwind of a U.S. plutonium production facility located in Hanford, Washington, was conducted in order to
determine the type and incidence of cancers that occurred in the community during that time period. Of the
801 residents downwind from the plutonium plant ("downwinders"), 294 residents (36.7%) reported at least
one type of cancer as compared to 43 of 423 individuals (10.2%) in a control group of patients from a medical
practice in Portland, Oregon. The most commonly occurring cancers among the downwinders included breast
cancer (n=53, 10.2%), thyroid cancer (n=33, 4.1%), colon cancer (n=30, 3.7%), and CNS neoplasms (n=20,
2.5%). Comparison of the incidence of thyroid cancer within this population with other populations exposed to
radioactive fallout showed the incidence rates from other populations were considerably lower than those for
the downwinders. The crude incidence rate (cancers per 100,000 persons per year) for the downwinders
study population was 82.4% (n= 33, total study population = 801) as compared to 8% for the Chernobyl
population of 4 Russian regions (n=3,004, total study population = 3,113,000). It is speculated that the
increased incidence rates for the downwinders may be associated with continuous environmental
contamination of radioactive iodine as well as a longer follow-up period (50 years) as compared to the
population involved with the Chernobyl accident (12 years) (Grossman et al, 2003).
3)  Possible excesses of childhood cancers have been reported in populations living near nuclear installations
in Britain, particularly in Sellafield, Seascale, Dounreay, Aldermaston, Burghfield, and Harwell (Gardner, 1991;
Wakeford, 1995). These associations have been reviewed from historical and analytical perspectives and an
association between paternal preconception exposure and childhood leukemia was only found at Seascale
(Wakeford, 1995). Some in-depth reviews conclude that childhood and adult cancer rates are NOT increased
in populations living near normally-operating nuclear plants (Boice & Lubin, 1997; Wakeford & Berry, 1996).

a)  Paternal preconception exposure to internal or external ionizing radiation was NOT an important risk
factor for childhood cancers in children whose fathers were employed as radiologists, surgeons,
veterinarians, dental surgeons, or industrial radiographers (Sorahan & Roberts, 1993; Sorahan et al,
1995; Wakeford & Berry, 1996).

D)  RISK TO OFFSPRING
1)  Paternal exposure to ionizing radiation may be associated with an increased risk of cancer in the
offspring. Development of leukemia in British children in the Sellafield area has been associated with paternal
exposure to whole-body penetrating ionizing radiation (Gardner, 1991).
2)  Besides being associated with an increased risk for mental defects, pre-natal exposure to ionizing
radiation also increases the risk of childhood cancer, primarily in the first 10 years of life (Mole, 1987).

E)  PANCREATIC CANCER
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1)  Ionizing radiation was identified as a risk factor for pancreatic cancer in a nationwide case control study in
Finland (Kauppinen et al, 1995).
2)  In a retrospective study, an increased risk of basal cell carcinoma (but not squamous cell carcinoma) was
associated with prior therapeutic radiation (Karagas et al, 1996).

F)  LEUKEMIA
1)  In a cohort study of over 46,000 children of nuclear industry employees, fewer than 3 leukemias could
potentially be attributed to offspring of male employees who had accumulated a preconceptual dose of > 100
mSv. No significant trends were discovered between increasing radiation dose and leukemia. Findings
suggested that the incidence of cancer and leukemia among children of nuclear industry workers is similar to
that in the general population (Roman et al, 1999).
2)  In a population-based cohort study of 3877 commercial jet cockpit crew, crew members flying over 5000
hours were reported to have significantly increased frequency of acute myeloid leukemia (5.1 times that
expected). Increased risk of melanoma (2.4 times that expected) was also found among crew flying more than
5000 hours (Gundestrup & Storm, 1999).
3)  A study of US radiology technologists found the relative risks for non-chronic lymphocytic leukemia was
increased 6.6-fold for those working 5 or more years before 1950 and 2.6-fold for those holding patients 50 or
more times for x-ray examinations. Working as a radiology technologist was not associated with the risk of
non-Hodgkin's lymphoma, Hodgkin's lymphoma, chronic lymphocytic leukemia, or multiple myeloma (Linet et
al, 2005).
4)  In a study population of 2,558 uranium miners, using a stratified case-cohort sampling design, a relative
risk of 1.75 (95% CI 1.10 to 2.78) was reported for all leukemias in workers with high radon exposure (110
working level months (WLM); 80th percentile) compared with low radon exposure (3 WLM; 20th percentile)
and 1.98 (95% CI 1.10 to 3.59) for chronic lymphocytic leukemia. The relative risks for myeloid leukemia and
Hodgkin lymphoma were elevated but not statistically significant; multiple myeloma and non-Hodgkin
lymphoma were not associated with radon (Rericha et al, 2006).

G)  BREAST CANCER
1)  A dose-dependent increased risk for breast cancer was seen in relation to exposure to low-linear energy
transfer ionizing radiation in a large cohort of 31,917 Canadian women exposed to fluoroscopy during
treatment for tuberculosis between 1930 and 1952. The results were consistent with those of the Japanese
atomic bomb survivors (Howe & McLaughlin, 1996).
2)  MALE BREAST CANCER - The incidence of breast cancer was studied in 45,880 male atomic bomb
survivors diagnosed between January 1, 1958 and December 31, 1998. Nine exposed patients were
diagnosed with male breast cancer as compared with 3 non-exposed individuals diagnosed with male breast
cancer, indicating a statistically significant dose-response relationship reported between exposure to ionizing
radiation and the development of male breast cancer (Ron et al, 2005).

H)  CANCER RISK
1)  In a multinational retrospective study of 407,391 workers monitored for external radiation
relative risk per sievert for all cancers excluding leukemia was 0.97 (95% CI 0.14 to 1.97). Relative risk for
leukemia, excluding chronic lymphocytic leukemia was 1.93 (95% CI <0 to 8.47) and for solid cancers was
0.87 (95% CI 0.03 to 1.88) (Cardis et al, 2005).

I)  AGE AT EXPOSURE AND MORTALITY
1)  A study of age at exposure and cancer mortality was conducted in workers at the United States
Department of Energy Hanford Site. There was little association between mortality and cumulative doses of
ionizing radiation accrued at ages 15 to 34, 35 to 44, and 45 to 54. For cumulative doses accrued at 55 years
and older (10 year lag), the estimated excess relative risk per sievert was 9.05 (90% CI 2.96 to 17.92) for lung
cancer and 3.24 (90% CI 0.80 to 6.17) for all cancers (Wing & Richardson, 2005).

J)  PLUTONIUM-RELATED MORTALITY
1)  At the United States Department of Energy Hanford Site, the relationship between length of exposure to
plutonium and death rates from cancer was studied. For workers 50 years and older, death rate increase per
year was 2.6 +/- 2.0% for all cancer, 4.9 +/- 3.3% for cancers of tissues where plutonium deposits, 7.1 +/-
3.4% for lung cancer, and 5.9 +/- 4.8% for digestive cancer (Wing et al, 2004).

 
 

 6.0   GENETIC EFFECTS

SUMMARY
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MUTAGENICITY

CHROMOSOME ABBERATIONS

 6.1   SUMMARY
A)  Ionizing radiation is genotoxic and causes breaks in the structure of DNA, resulting in mutations or
chromosomal structural aberrations. Double strand breaks in the mutagenic and carcinogenic effects of 
have been reported. Incorrectly rejoined break leads to DNA misrepair which in turn leads to DNA deletions and
rearrangements. Large scale changes in DNA structure appear to be typical of most radiation
B)  Chromosomal translocations in persons who lived in houses (up to 16 years) in Taiwan contaminated with
cobalt-60 has been reported. Compared to controls (no exposure to cobalt-60), the overall translocation yield in
the residents was 5 times higher. Chromosomes 2, 4 and 12 were affected in 500 metaphases per person. The
FISH method for reciprocal chromosomal translocations was used (Chen et al, 2000).
 

 6.3   MUTAGENICITY
A)  Japanese atomic bomb survivors have been followed for possible heritable effects from acute ionizing
radiation exposure. Even in this population, no clearly demonstrable induced heritable defects have been found
(Otake & Schull, 1984). No significant differences in mutation rates in DNA repetitive sequences were found in
children of atomic bomb survivors whose parents received a mean gonadal dose of 1.9 Sv, in comparison with
unexposed controls (Satoh et al, 1996).
B)  Workers exposed to low levels of ionizing radiation had increased frequencies of hprt-mutated lymphocytes
and changed CD4/CD8 lymphocyte subset ratios (Siefert et al, 1993). A 4.6-fold increase in hprt mutations in blood
cells was seen in Brazilian children exposed to 15 to 70 cGy during a radiological accident (Saddi et al, 1996). A
doubling dose of 173 (+/- 47) cGy was seen for inducing hprt mutation and micronuclei in victims of a Cs-137
radiological accident in Goiania, Brazil (Dacruz et al, 1997).
C)  Persons living near a uranium processing site did not have increased frequencies of mutated somatic cells, as
measured by hprt mutations, loss of glycophorin A alleles, or micronuclei (Wones et al, 1995).
D)  Increased glycophorin A mutations were seen in former Australian uranium miners 30 years after last exposure
(Shanahan et al, 1996).
E)  Human cells containing mutant p53 proteins did not have delayed cell replication after irradiation; this is
consistent with the occurrence of mutated p53 proteins in some cancers (Zolzer et al, 1995). In related studies,
cells from patients with ataxia telangiectasia (AT) had a reduced or delayed increase in p53 protein after gamma-
irradiation (Birrell & Ramsay, 1995). Cells from persons heterozygous for AT had an intermediate response. Cells
from most breast cancer patients were essentially normal in their response, but 18 percent of the patients
responded in the range of AT heterozygotes. This test of p53 induction may be useful in identifying persons at
increased risk of DNA-damaging effects of ionizing radiation (Birrell & Ramsay, 1995). AT is a heritable disease
characterized by increased radiation sensitivity and risk for cancer.
F)  In limited studies, the serum of persons exposed to ionizing radiation contains clastogenic factors, which have
persisted for over 30 years in A-bomb survivors. Such factors have been found in the serum of 33 of 47 recovery
workers from the Chernobyl incident, in dose-related levels (Emerit et al, 1995).
 

 6.4   CHROMOSOME ABBERATIONS
A)  Hospital workers exposed to low levels of ionizing radiation had 13 and 11 times greater frequencies of
chromosomal aberrations in peripheral lymphocytes as compared to unexposed controls (Paz-y-Mino et al, 1995).

1)  Workers were exposed to mean x-ray doses of 1.84 millisieverts/year and 1.67 millisieverts/year for 3 to 20
years.
2)  These workers had a higher frequency of chromosomal gaps and breaks, endoreduplications,
hyperdiploidies, and chromosomal loss.

B)  Nuclear medicine and radiology hospital workers had a mean group frequency of chromosomal aberrations
(chromosomal gaps and breaks) in peripheral lymphocytes significantly higher than that of unexposed controls
(Hagelstrom et al, 1995).
C)  The frequency of chromosomal aberrations in the peripheral lymphocytes of hospital radiodiagnostic,
radiotherapy, and nuclear medicine employees was greater than in controls (Barquinero et al, 1993). There were
no significant differences between exposed and control groups in the frequency of chromatid gaps and breaks,
while significant differences were noted for acentric fragments with or without chromosomal gaps and breaks and
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total structural aberrations (Barquinero et al, 1993).
D)  The was a statistically significant increased total aberration frequency in peripheral lymphocytes in a small
group of civilian aircrew members as compared to controls (Romano et al, 1997). Aircrew members are presumed
to have increased exposure to cosmic radiation than the general public because of more time spent at high
altitudes during flight (Zwingmann et al, 1998) Okansen, 1998; (Friedberg et al, 1989).
E)  Two years after total-body or total-body plus partial-body exposure to gamma radiation
Estonia, 5 persons had a stable level of translocations present in peripheral blood lymphocytes (Lindholm et al,
1998).
F)  In 100 medical workers exposed to x-rays, there was no time-dependent recovery of chromosomal aberrations
in peripheral blood lymphocytes (Kasuba et al, 1998).
G)  Children exposed to low doses of ionizing radiation from the Chernobyl disaster had more acentric fragments
in peripheral blood lymphocytes than did control subjects, but there were no significant differences in chromosome
or chromatid breaks (Grollino et al, 1998).
H)  Chromosome aberrations in Norwegian reindeer following the Chernobyl accident (radiocesium exposure)
appeared to affect mainly calves during the immediate post-accident period in the highest 
(Roed & Jacobsen, 1995).
I)  Increased chromosomal aberrations, especially acentric fragments, were found in lymphocytes from hospital
workers exposed to low doses of ionizing radiation (1.6 to 42.71 mSv). No dose-effect relationship was seen
(Barquinero et al, 1993). In a group of 47 children exposed to radiation in the Chernobyl incident, low frequencies
of chromosome aberrations were evident several years later (Padovani et al, 1993).
 

 

 7.0   REPRODUCTIVE EFFECTS

SUMMARY

TERATOGENICITY

PREGNANCY EFFECTS

BREAST FEEDING

FERTILITY EFFECTS

 7.1   SUMMARY
A)  In addition to an increased risk of cancer, exposure to ionizing radiation is known to affect human
reproduction.
B)  Prenatal ionizing radiation exposure may cause congenital anomalies, mental retardation, and an increased
incidence of seizures.
 

 7.2   TERATOGENICITY
A)  CONGENITAL ANOMALY

1)  Four major effects of ionizing radiation on the fetus include: growth retardation; severe congenital
malformations (including errors of metabolism); embryonic, fetal, or neonatal death; and carcinogenesis. The
most pronounced permanent growth retardation occurs following irradiation in the fetal period (Jarrett, 1999).

a)  When the fetus is irradiated during organogenesis, the peak incidence of teratogenesis occurs. In
humans, radiation-induced malformations of bodily structures other than the CNS are uncommon.
Reports on atomic bomb survivors indicate that microcephaly may result from a free-in-air dose of 100 to
190 milliGrays.

2)  Prenatal exposure to ionizing radiation is well known to induce birth defects in humans, as documented in
the children of pregnant atomic bomb detonation survivors (Otake & Schull, 1998; Brent, 1989). However,
nuclear power industry workers exposed to low-levels of ionizing radiation do not appear to have an
increased risk of having a liveborn child with a congenital anomaly (Green et al, 1997).

a)  Exposures greater than 2 Gy can cause microcephaly and severe mental retardation. The critical dose
and period of exposure for microcephaly is at least 0.10 to 0.19 Gy at 4 to 17 weeks, and for mental
retardation is at least 0.2 to 0.4 Gy at 8 to 15 weeks (Miller, 1990). Other kinds of effects described in the
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literature are retarded growth, pre- and post-natal death, structural malformations, and functional
impairment.
b)  The developing fetus is most vulnerable to ionizing radiation at 8 to 15 weeks postconception
(Ikenoue et al, 1993; Otake & Schull, 1998). There is a second period of somewhat reduced vulnerability
at 18 to 27 weeks of gestation (Ikenoue et al, 1993).

3)  Two children conceived while their mothers were undergoing I-131 therapy for thyroid cancer were born
with fatal birth defects (Smith et al, 1994).
4)  An increased prevalence of Down's syndrome (trisomy 21) has been suggested but not confirmed to be
associated with periods of increased environmental ionizing radiation (Bound et al, 1995; Verger, 1997).

a)  A cluster of DOWN'S SYNDROME (trisomy 21) cases was seen in the Lothian region of Scotland in
1987, temporally associated with the Chernobyl incident in April, 1986. This was unlikely to have been
due to chance, but could not be readily explained by the documented low radiation
region (Ramsay et al, 1991). A significant increase in cases of Down's syndrome was noted in Germany
after the Chernobyl disaster, with the highest rates in the most contaminated regions (Sperling et al,
1991).

5)  Maternal mediated neonatal and developmental toxicity resulted in mouse pups after maternal intake of
cesium in drinking water (Messiha, 1994).
6)  LOW-LEVEL IONIZING RADIATION - Offspring of men and women occupationally exposed to low-level
ionizing radiation were studied to determine any increased risk of congenital malformations. No evidence of a
link between exposure before conception and increased risk of adverse reproductive outcome was noted in
men (n=11697) or women (n=1903) (Doyle et al, 2000).
7)  The mechanism of neurological defects may involve radiation-induced cell death.

B)  MENTAL DEFICIENCY
1)  Exposures in the range of 0.01 to 0.1 Gy may produce mental retardation and increase the risk for
childhood cancers. No gross malformations seem to occur at exposures less than about 0.05 Gy
(REPROTOX , 1999). The developing central nervous system may be the most sensitive target for the effects
of ionizing radiation, with the critical period being between the 10th and 17th weeks of pregnancy (Mole,
1985; Cockerham & Prell, 1989).
2)  Studies of the offspring of pregnant atomic bomb survivors have found mental retardation at exposures of
less than 0.05 Gy, with NO APPARENT THRESHOLD (Otake & Schull, 1998). The probability of mental
retardation in this population was 40 percent per gray of fetal tissue dose (Otake & Schull, 1984). Expressed
another way, there was a reduction of 21 to 29 IQ points per Gy of exposure (Miller, 1990). The frequency of
mental retardation increased from a background of 0.8 to 46 percent with prenatal exposure to 1 Gray (Gy) or
greater in children of atom bomb detonation survivors (Ikenoue et al, 1993). Special note should be made of
the fact that these were acute exposures, which in general have more severe biological effects than
equivalent doses delivered over a longer period of time.

a)  In a cohort of 888 children whose mothers were exposed to ionizing radiation
detonations, those who were exposed at 8 to 15 weeks postovulation had significantly worse scores on
repetitive action tests. Those exposed at 0 to 7 weeks postovulation had decreased IQ's (Yoshimaru et al,
1995). These effects were not seen in children whose mothers were exposed at weeks 16 to 25
postovulation.
b)  Severe mental retardation has been described in children exposed in utero to ionizing 
atomic bomb detonations at gestation ages 8 to 15 weeks (Mole, 1990).

C)  ANIMAL STUDIES
1)  Many similar effects in the offspring have been produced in laboratory animals, such as low birth weight
and behavioral changes including hyperactivity (Norton, 1986). In experimental animal studies, induction of
structural malformations has been seen, but these are lacking in exposed humans (Mole, 1987).
2)  Fetal Swiss albino mice had different effects from a single 0.5 Gy dose of gamma 
different times of gestation. Dosing during the preimplantation period increased prenatal mortality. Exposure
between days 2 and 4 produced increased resorptions. Dosing between days 9 and 13 resulted in small
heads, low brain weight, and microphthalmia (Devi & Baskar, 1996).
3)  Prenatal exposure to ionizing radiation produced an increased risk of cancer and reproductive defects in
mice. Female mice exposed to 1.0 and 2.7 Gy of Cf(252) and Co(60) in utero had an increased incidence of
tumors of the pituitary gland, mammary gland, liver, and lung for up to two years; as well as dysfunctional
ovaries (Nitta et al, 1992).

 

 7.3   PREGNANCY EFFECTS

MICROMEDEX® REPROTEXT®: RADIATION Page 11 of 19

The information contained in the Thomson Reuters (Healthcare) Inc. products is intended as an educational aid only.  All Treatments  
or procedures are intended to serve as an information resource for physicians or other competent healthcare professionals performing  
the consultation or evaluation of patients and must be interpreted in view of all attendant circumstances, indications and contraindications. 
Copyright © 2011 Thomson Reuters (Healthcare) Inc.  All rights reserved.  Information is for individual  use only and may not be sold,  
redistributed or otherwise used for commercial purposes.



A)  SPONTANEOUS ABORTION
1)  Increased incidences of spontaneous abortions and toxicosis of pregnancy have been seen following
maternal radiation exposure, especially in women affected by the Chernobyl incident (Lieberman et al, 1990).

B)  OTHER
1)  Commercial and military flightcrew members have exposure to cosmic radiation
general public, which may be of concern during pregnancy (Geeze, 1998).

C)  LACK OF EFFECT
1)  Use of video display terminals by pregnant women does not appear to represent a significant source of
radiation to the fetus. Available data do not support a teratogenic risk. As field strength decreases
significantly with distance, it may be prudent for pregnant women to sit at least 50 cm from the screen (Paul,
1993).
2)  The reproductive risk from therapeutic doses of I-131 are low: in 3 studies there were no excess
malformations, stillbirths, or early deaths (Dottorini, 1996).

 

 7.4   BREAST FEEDING
A)  BREAST MILK

1)  Cesium has been shown to penetrate the human placenta and breast milk in mothers following exposures
(Messiha, 1994).

 

 7.5   FERTILITY EFFECTS

SUMMARY

FEMALE

MALE

7.5.1   SUMMARY
A)  STILLBIRTH

1)  Parker et al (1999) reported stillbirths among offspring of male radiation
preconceptional irradiation) at a nuclear reprocessing plant. A point estimate range of 0 to 31.9 (95%
confidence limits) stillbirths (n=130) was calculated. These estimates are stated to be qualitatively
consistent with animal models. However, Selby (2000) quantitatively compares animal studies to the
radiation workers at the nuclear reprocessing plant and suggests a point estimate of 0.1 stillbirth caused
by paternal preconceptional irradiation.
2)  Most occupational standards for exposure to ionizing radiation preceded publication of findings
linking low-level exposure to more subtle effects in the unborn. The National Commission for 
Protection (NCRP) has recommended a cumulative fetal dose not to exceed 0.5 rad (NCRP, 1977). Using
a weighting factor of 0.25 for the gonads (ILO, 1983), this would correspond to an annual whole-body
dose of 2.67 rems of gamma-radiation.

 

7.5.2   FEMALE
A)  HUMANS

1)  Female reproduction can be affected by ionizing radiation, which alters the viability of ova and can
disrupt the function of the endocrine system which produces female sex hormones. Human oocytes may
be more resistant to ionizing radiation than those of laboratory animals.

 

7.5.3   MALE
A)  HUMANS

1)  At exposures less than 5 to 10 rads, effects on male reproduction are not well understood. X-rays at
doses as low as 15 rads can temporarily depress sperm production. At doses of 50 rads, there is
temporary elimination of sperm production, and at doses of 236 to 365 rads, damage to sperm production
can persist for months. Exposure to greater than 400 rads can cause complete and permanent damage
to sperm production.
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2)  Of twelve men with chronic radiation dermatitis after the Chernobyl incident, all had impaired sexual
function including impotence, aspermia, azoospermia, abnormal sperm shapes, decreased plasma
testosterone levels, increased follicle stimulating hormone (FSH) levels, and decreased luteinizing
hormone (LH) levels (Birioukov et al, 1993).

 
 

 

 8.0   PREDISPOSING CONDITIONS
A)  GENETIC

1)  Eight complementation groups of human DNA repair genes which define sensitivity to ionizing 
been identified on chromosomes 2, 5, 7, 8, 14, 19, and 22 (Thompson & Jeggo, 1995).
2)  Radiation sensitivity in 20 human carcinoma cell lines correlated with allelic status of the p53 tumor suppressor
gene, with the wild-type allele conferring radiation resistance (Servomaa et al, 1996).

 

 9.0   BIOMONITORING

 9.2   MEDICAL SURVEILLANCE
A)  Cytogenetic monitoring may be a sensitive means of monitoring groups of persons exposed to ionizing
radiation. Certain chromosomal aberrations, such as dicentrics, exchanges, and rings, are sensitive markers for
exposure to ionizing radiation. However, there seems to be no relationship between the frequency of abnormal
chromosomes and risk for cancer in a given individual (Okada, 1975).
B)  Chromosome painting (fluorescence hybridization with DNA probes specific for certain chromosomes) was
shown to be valid for detecting chromosome exchanges in human lymphocytes exposed to ionizing 
vitro; chromosomes containing exchanged material appear bi-colored (Tucker et al, 1993).
C)  Of established methods, induction of HPRT (hypoxanthine-guanine phosphoribosyl transferase) mutations in
lymphocytes correlates best with recent ionizing radiation exposure, and loss of glycophorin A variants from red
blood cell membranes appears to indicate cumulative radiation exposure (Mendelsohn, 1990).
D)  Increased frequencies of HPRT-mutated lymphocytes and changed CD4/CD8 lymphocyte subset ratios were
correlated with dosimeter readings of occupational exposure to low levels of ionizing 
1993).
E)  HPLC-coupled 32P-postlabeling analysis has been used to quantitate levels of 8-hydroxydeoxyguanosine in
leukocyte DNA from persons exposed to therapeutic doses of ionizing radiation
the level of such adducts, as compared with unexposed individuals (Wilson et al, 1993).
 

 

 11.0   SUMMARY AND CONCLUSIONS
A)  Because of its well-documented effects in increasing cancer risk and in causing acute 
IONIZING RADIATION is in Class 3 (may cause irreversible effects which can be life-threatening) for general toxicity.
B)  Because of its known effects on male and female reproduction and on the unborn, ionizing 
(human reproductive hazard with known no-effect dose) for reproductive hazard.
C)  Unnecessary ionizing radiation exposure should be avoided.
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