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GMA REPORTS RAPPORTS DU GCM

Since the 1950's, the Atomic Energy Control Board (AECB) has
made use of advisory committees of independent experts to assist
it in its decision-making process. In 1979, the Board restructured
the organization of these consultative groups, resulting in the
creation of two senior-level scientific committees, the Advisory
Committee on Radiological Protection (ACRP), and the Advisory
Committee on Nuclear Safety (ACNS). A third body of advisers,
known as the Group of Medical Advisers (GMA), is composed of
medical practitioners licensed under the laws of the province in
which regulated nuclear activities arc situated. Medical Advisers
are nominated by the appropriate department or agency and
appointed by the Board pursuant to the Atomic Energy Control
Regulations. They make recommendations to the Board respecting,
inter alia, the medical examination of atomic radiation workers,
medical surveillance required as a result of overcxposurcs, and
medical aspects of emergency plans.

From time to time the GMA issues reports which arc normally
published by the AECB and catalogued within the AECB's public
document system. Those reports, bound with a distinctive cover,
carry both a group-designated reference number, e.g. GMA-1, and
an AECB reference number in the "INFO" series. The reports
generally fall into two broad categories: (i) recommendations to
the AECU on a particular medical topic, and (ii) background
studies. Unless specifically stated otherwise, publication by the
AECB of a report prepared by the Group of Medical Advisers
does not imply endorsement by the Board of the content, nor
acceptance of any recommendations made therein.

Depuis les années cinquante, la Commission de contrôle de
l'énergie atomique (CCEA) fait appel à des comités consultatifs
composés d'experts indépendants pour l'aider dans ses prises de
décisions. En 1979, la CCEA a restructuré l'organisation de ces
groupes do consultation pour former deux comités scientifiques
supérieurs, le Comité consultatif de la radioprotection (CCRP) et
le Comité consultatif de la sûreté nucléaire (CCSN). Un troisième
groupe, le Groupe des conseillers médicaux (GCM), est formé de
médecins agréés pour la pratique de la médecine en vertu des lois
de la province dans laquelle se tiennent des activités nucléaires
réglementées. Le ministère ou l'organisme compétents proposent
le nom de conseillers médicaux qui sont ensuite nommés par la
CCEA en vertu du Règlement sur le contrôle de l'énergie atomique.
Ces conseillers font des recommandations à la CCEA concernant,
entre autres, l'examen médical des travailleurs sous
rayonnements, la surveillance médicale nécessaire en cas de
surexposition et les aspects médicaux des plans d'urgence.

Le GCM rédige à l'occasion des rapports qui sont normalement
publiés par la CCEA et catalogués dans sa collection des
documents publics. Ces rapports se présentent sous une
couverture distincte et portent un numéro de référence propre au
comité (GCM-1, par exemple), ainsi qu'un numéro de référence de
la CCEA dans la série «INFO». Ils se divisent habituellement en
deux catégories générales : i) les recommandations présentées à la
CCEA au sujet d'une question médicale particulière; ii) les études
générales. À moins d'indication contraire, la publication par la
CCEA d'un rapport du Groupe des conseillers médicaux ne
signifie pas qu'elle en approuve le contenu, ni qu'elle en accepte
les recommandation;
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ABSTRACT

The Medical Advisers to the Atomic Energy Control Board provide advice to
occupational and family physicians treating overexposed workers. GMA-7 provides
information and guidance to medical practitioners on the medical management of
individuals who have been overexposed to tritiated water. Various treatment
principles are presented with special emphasis on techniques for facilitating
removal of tritiated water from the body so as to reduce the total radiation
dose. Risks and biological effects from exposures to trititated water and
various radiation protection precautions are also discussed.

RÉSUMÉ

Les conseillers médicaux de la CCEA fournissent des avis aux médecins de
l'entreprise et aux médecins de famille qui traitent des travailleurs qui sont
victimes de surexposition. GCM-7 fournit au médecin-practicien les renseignements
et les conseils nécessaires à la prise en charge médicale de personnes qui ont
été surexposées à l'eau tritiée. Différents principes de traitement sont
présentés et l'accent est mis sur les techniques qui facilitent l'élimination de
l'eau tritiée de l'organisme de manière à réduire la dose radiologique totale.
Le rapport donne les risques et les effets biologiques d'une exposition à l'eau
tritiée ainsi que les différentes précautions à prendre par les personnes
surexposées.
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FOREWORD

The Atomic Energy Control Regulations require all licensees to report all
occupational radiation exposures exceeding regulatory dose limits to the AECB.
Exposures exceeding regulatory dose limits are commonly referred to as "over-
exposures", although no biological significance is implied by this term.

Subsequent to a radiation overexposure, the employer must remove the overexposed
worker from further radiation work until the following actions have been com-
pleted: the circumstances of the overexposure have been fully investigated; the
dosimetry has been confirmed; medical assessment of the worker has been com-
pleted; the worker has been informed of the possible risks resulting from the
overexposure; the worker has applied in writing to the AECB to resume work; and
AECB approval to return to work has been granted.

Unless there are extenuating circumstances, the AECB normally requests medical
guidance from its Medical Adviser(s) regarding return to work only in cases where
the exposure exceeds 100 mSv. A Medical Adviser may also provide advice to the
occupational or family physician treating an overexposed worker. Further guidance
on the role of Medical Advisers subsequent to radiation overexposures is provided
in "GMA-6, Guidelines for Counselling After Occupational Overexposure to Ionizing
Radiation" [GM93].

Occupational doses including those resulting from overexposure incidents are
maintained by the National Dose Registry of Health Canada.
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1. PURPOSE

The purpose of this document is to provide information and guidance to medical
practitioners on the medical management of individuals who have been overexposed
to tritiated water (HTO). Various treatment principles are presented, with
special emphasis on techniques for facilitating removal of tritiated water from
the body so as to reduce the total radiation dose. Various methods of treatment
and their contraindications are outlined, and recommendations are presented con-
sistent with a four level scheme of committed doses resulting from exposure to
tritiated water. Exposures to other chemical forms of tritium are beyond the
scope of this report.

The report also provides information on the risks and biological effects from
exposures to tritiated water and on various radiation protection precautions
associated with such overexposures with respect to family contact, sexual
relations and procreation, pregnancy, breast feeding and blood donation.

2. INTRODUCTION

2.1 Physical Characteristics of Tritium

Tritium (T or 3H) is both a naturally occurring and artificially produced radio-
active isotope of hydrogen with a physical half-life of 12.35 years. The radio-
active decay of tritium occurs through emission of a beta particle (no gamma
radiation is emitted) leaving a helium (8He) atom in place of tritium. The
energy of the beta particles (maximum 18.6 keV, mean 5.7 keV) is sufficient to
produce ionization (roughly 0.03 keV per ionization) and excitation of molecules.
However, since the beta energy is low, tritium only presents a hazard when it is
within the body.

2.2 Chemical Forms of Tritium

Tritium exists in various forms, such as tritiated water (tritium oxide or HTO),
tritiated hydrogen gas (HT), organically bound tritium (OBT), tritiated hydro-
carbons, and particulate forms such as metal tritides. Tritium can be present
in airborne form as a gas (HT), a vapour (HTO and tritiated hydrocarbons), or
tritiated dust or aerosol; in contaminated liquids (water (HTO), oils); or on
contaminated equipment and materials. In CANDU nuclear generating stations,
routine exposures to HTO contribute about one-third of the total occupational
dose, with the other two-thirds arising mainly from gamma radiation. Other
tritiated chemical species that may be present in certain work environments
include hydrocarbons, ammonia and organic compounds. In research facilities
tritiated DNA precursors are often used as radioactive markers [IA91].

2.3 Metabolism of Tritium

The various forms of tritium can enter the body through several pathways, in-
cluding inhalation, ingestion, diffusion of airborne tritium through broken or
intact skin, and skin absorption through contact with contaminated surfaces or
contaminated liquids. Approximately twice as much HTO will enter the body by
inhalation as by absorption through the skin when persons are lightly active
during HTO vapour exposures. However, intake by inhalation and skin absorption
are approximately equal if exposures occur while persons are at rest [AC91a].
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HTO that enters the body is uniformly distributed, within 2 to 3 hours, through-
out the body water, blood plasma and exchangeable hydrogen sites in organic con-
stituents. Exchangeable hydrogen constitutes about 30% of the total hydrogen in
the organic constituents of tissues [IA91,AC91a]. When HTO reaches the blood
stream it is transferred to the extra-vascular water, which consists of lymphatic
fluid, interstitial fluid, cerebrospinal fluid, intestinal fluid, and intracellu-
lar fluid. The HTO remains in these various compartments with a residence time
governed by the turnover of body water. Elimination of HTO from the body occurs
mainly through urine (approximately 50%), but also through exhaled air, breast
milk, perspiration, and faeces, etc.

A certain fraction of HTO also becomes bound to non-exchangeable hydrogen sites
in organic compounds (including carbohydrates, fats, proteins, RNA and DNA).
Tritium in this form is commonly referred to as organically bound tritium (OBT).
Any organic molecule which has incorporated tritium will have a specialized meta-
bolism which may result in inhomogeneous distributions of tritium within the
body. In most organic compounds the tritium bound to oxygen, nitrogen, phos-
phorus, or sulfur can readily exchange with hydrogen found in the water pool.
This has been called the exchangeable bound tritium fraction. Tritium which is
bound to carbon will not exchange with the hydrogen in body water, and therefore
has different retention. This is called the non-exchangeable bound tritium
fraction. More information on the turnover of the various fractions is provided
by Hill and Johnson [Hi93]. Organically bound tritium increases the radiation
dose in humans by about 10-15% [HW87], based largely on relevant animal
experiments [La72,Os72].

The biological half-life of HTO in the body is nominally 10 days for most people,
depending on the body water mass, water turnover rate and metabolic excretion
rates. The rate of excretion varies greatly among individuals and, in the same
individual, at different times. Typical half-lives range from 4-18 days [Bu65]
and the doses are dependent upon the half-life: i.e. , the shorter the half-life,
the smaller the dose.

2.4 Bioassav and Estimation of Radiation Dose

Determination of the concentration of HTO in the body is used to estimate radia-
tion dose. Analyzing the HTO concentration in urine is commonly referred to as
"bioassay". Only 1 mL of urine is needed, which is mixed with 10-20 mL of a
liquid scintillator and then analyzed in a scintillation counter. This method
is well established and is capable of measuring very low concentrations (a few
kBq/L).

As soon as a significant occupational exposure to HTO is recognized, the worker
should empty the bladder as completely as possible. Although the first sample
will be diluted by old urine and can provide only limited information, it can be
used as a control against the possibility of a previous unrecognized exposure
[NC79]. The next, and subsequent voidings are used to measure the tritium excre-
tion and ideally should be submitted on the following basis: after three hours,
after twelve hours, and on a daily basis thereafter.

Due to some uncertainty as to whether a urine sample given a few hours after an
acute exposure contains the peak concentration of tritium, it is prudent to give
an additional sample on the next and subsequent days. Measurements should be
made often enough that doses can be estimated with sufficient accuracy. If a few
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days elapse between the exposure and the first urine sample, the peak concentra-
tion can be estimated by extrapolating back from the concentrations measured in
later samples.

3. POTENTIAL HEALTH RISKS FROM TRITIUM EXPOSURES

3.1 Biological Effects of Radiation

The risks of radiation are based upon the biological effects which may result
from the process of ionization, which changes atoms and molecules, at least
transiently, and which may sometimes result in cell damage. If cell damage does
occur, and is not adequately repaired, it may prevent the cell from surviving or
reproducing, or it may result in a viable but modified cell. These latter two
outcomes may have profoundly different implications for the organism as a whole.

Most organs and tissues of the body are unaffected by the loss of even sub-
stantial numbers of cells, but if the number lost is large enough, there will be
observable harm reflecting a loss of tissue function. The probability of causing
such harm will be zero at small doses, but above some level of dose, which can
be considered a threshold, it will increase steeply to unity. Above the thresh-
old, the severity of the harm will also increase with dose. This type of effect
is called "deterministic" ("non-stochastic") [IC91].

Alternatively, the irradiated cell may be modified rather than killed. Despite
the existence of highly effective defence mechanisms, the cells resulting from
the reproduction of a modified but viable somatic cell may result, after a
prolonged and variable latency period, in the manifestation of cancer. In
radiation protection, the prudent assumption adopted is that the probability of
a cancer resulting from radiation increases proportional to dose, at least for
doses well below the thresholds for deterministic effects. The severity of the
cancer is independent of the dose. This kind of effect is called "stochastic".

Animal studies have shown that damage to cells whose function is to transmit
genetic information to later generations, can result in effects of many different
kinds and severity being expressed in the progeny. These effects are termed
"hereditary" [IC91] . Such effects have not been observed after radiation exposure
of people but the assumption is made in radiation protection that they do occur.

3.2 Biological Effects From Tritium Exposures

Since tritium emits a form of ionizing radiation, it is capable of producing the
aforementioned biological effects. However, even at doses somewhat above the
current AECB regulatory dose limit (50 mSv per year), there is no evidence either
from the results of experiments on animals, from observations of humans following
acute accidental intakes or from routine surveillance of radiation workers that
any adverse health effects are caused by tritium. In addition, there is no
experimental evidence that tritium acquired as HTO can cause genetic damage
[NC87,Wo70]. Nevertheless, even at doses below the regulatory limits, it is
conservatively assumed that the consequences of HTO exposures will be related to
the size of the radiation dose and the rate at which it is delivered.

As with other forms of ionizing radiation, it is assumed that the potential radi-
ation effects of HTO include the development of fatal and non-fatal cancer, the
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occurrence of pre-natal injuries, e.g., mental retardation, and the possibility
of genetic damage [IC91,AC91a,AC91b,GM93].

4. PRINCIPLES OF TREATMENT

4.1 Goals

The primary goal of medical intervention for treatment of persons internally
contaminated with tritium is to increase the rate of elimination of HTO in order
to reduce the committed dose1 and the consequent risk of possible biological
harm. The intervention should also do more good than harm, ie., that the
reduction in detriment from the reduction in dose will outweigh the risks
associated with the intervention.

Other goals include treatment to facilitate return to normal activities and work,
and to provide counselling, reassurance and support to the overexposed persons
and their families. A final goal of medical intervention, consistent with the
principle of ALARA (As Low As Reasonably Achievable) , is to minimize consequent
exposures to third parties, including the families of overexposed individuals.

4.2 Importance of Early Intervention

Due to the relatively short biological half-life of HTO, it is of paramount
importance that dose reduction techniques, whether self-administered or under
medical surveillance, begin as soon as possible after the exposure to ensure that
the maximum reduction in committed dose may be achieved.

Baseline hematological-examinations, including full blood count - differential
and platelets - may be useful in providing psychological reassurance to the
victim who may be concerned about acute radiation effects and leukemia (see
section 4.5).

4.3 Importance of Health Assessment Before Treatment

Since HTO dose reduction techniques are generally based on increased fluid in-
takes, forced diuresis or hemodialysis, an assessment of general health and
specific testing, e.g., creatinine, electrolytes, for various medical conditions
or disorders (see section 4.7) is prudent and should be performed before or as
soon as possible after initiating any therapy. These precautions will help
ensure that individuals suffering from undiagnosed medical problems can safely
undergo the recommended treatment.

It is important that the health assessment of the individual and family be
perceived as impartial. For this reason it is necessary to provide the family
physician with complete information regarding the overexposure, with the approval
of the individual involved.

committed dose: the total dose received from a radioactive sub-
stance in the body during 50 years following the intake of this
substance in the case of workers and 70 years following intake in
the case of members of the public.
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4.4 Selection of Dose Reduction Treatment

The dose reduction techniques which are discussed in this report are commonly
used in the treatment of medical conditions and disorders unrelated to internal
radioactive decontamination. The choice of treatment will depend on a number of
factors, including the magnitude of the untreated committed dose and the health
of the worker. The final decision should be made after appropriate consultation
with AECB medical advisers, medical specialists, internal dosimetry experts and
the exposed individual.

4.5 Psvcholoeical Considerations

Psychological considerations are important in all accidents, and even more so for
the victim and family of a radiation overexposed individual. Psychological
counselling should include family members so that all concerns can be addressed
promptly and candidly. The psychological assistance offered to the exposed
individual and family may help the individual to follow the physician's recom-
mendations and may facilitate return to normal activities and work. Depending
on the circumstances, it may be desirable to use individuals experienced in
"critical incident stress management" to help alleviate the initial fear and
stress associated with the overexposure.

Longer term counselling may be available to the victim and family through
employee assistance programs. In addition to medical concerns, the individual
may be concerned about such issues as dealing with the media, employment
restrictions, or future insurability.

4.6 Radiation Protection Precautions

4.6.1 Contact With Family Members

An individual exposed to HTO will excrete small amounts of HTO in exhaled breath
and in body fluids. Although small amounts of HTO may be transferred to others,
the dose resulting from these exposures is insignificant and there is no medical
reason to restrict normal contact with family members or others, including small
children or pregnant women. However, where initial counselling indicates such
concerns, it may be desirable to analyze urine samples from family members to
provide psychological reassurance.

4.6.2 Sexual Relations and Procreation

There are no medical reasons to cease sexual relations after radiation over-
exposure to HTO and postponement of pregnancy is unlikely to be necessary.

4.6.3 Pregnancy

Female radiation workers who are overexposed during a pregnancy should be
informed that in utero radiation effects are unlikely to occur if the dose to the
fetus is less than 100 mSv during pregnancy [AC91b,IC91,GM93].
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4.6.4 Breast Feeding

As breast feeding provides benefits to the infant and the mother, breast feeding
may be continued in cases where the dose to the mother is less than 5 mSv. There
is insufficient information in the medical literature to permit an accurate
determination of the dose to the breast-fed infant. However, due to factors such
as increased infant sensitivity and the presence of organically bound tritium in
milk, it is possible that the dose to the infant may be comparable to that of the
mother.

4.6.5 Blood Donations

Exposed individuals with committed doses exceeding 50 mSv should not provide
blood donations for a period of one month following the exposure in order to
minimize dose to the recipients. In such situations the recipient is unlikely
to receive a dose in excess of the public dose limit. These restrictions do not
apply in emergency situations.

4.6.6 Precautions for Hospital and Nursing Staff

As stated in 4.6.1., the risk to other individuals dealing with a tritium
contaminated person is not significant. However, basic safety principles such
as contamination and hygiene control, eg. disposal of contaminated body fluids,
the use of hospital protective clothing and the flushing of contaminated
equipment with water, should be observed to maintain a clean environment and
minimal exposure of hospital personnel.

4.7 Treatment Methods and Contraindications

Historically, increased fluid intake, usually self-administered, has been the
preferred method for reducing HTO doses. However, more effective and intrusive
treatment methods, such as forced diuresis and hemodialysis, are available.
Although these latter direct intervention methods are commonly used in conven-
tional medical practice, they have only been rarely applied for purposes of
reducing radiation doses from HTO overexposures (see listing of case studies in
Appendix B).

The treatment modality selected will depend on several factors : the effectiveness
in removing tritium, the treatment time, the availability of the treatment
modality, the cost, psychological considerations, and how the treatment modality
may affect the overexposed individual.

Strict medical supervision is required for treatment of patients with conditions
such as heart, kidney or liver disease, diabetes, high blood pressure, seizure
disorders, and respiratory impairment, or patients on medication.

4.7.1 Increased Fluid Intake With or Without Diuretics

The committed dose from HTO in the body can be reduced by up to 50% by increasing
an individual's fluid intake. Commonly available liquids, such as soft drinks
or fruit juices, are preferable to water, since they will assist in maintaining
electrolyte balance. Salt is an effective thirst enhancer and can be consumed
by eating salted food items such as potato chips and peanuts, or can be added to
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vegetable juices such as tomato juice. For a healthy person, a fluid intake of
4L per day should be possible.

Diuretics are of minimal value in the treatment of HTO overexposures and reliance
should initially be placed on increased fluid intake to promote diuresis and HTO
excretion. If diuretics are felt to be appropriate, hydrochlorothiazide should
be used in preference to furosemide. It is noteworthy that the diuretic effect
of caffeine in tea or coffee, and alcohol in beer, is minimal.

The duration of increased fluid intake should continue for approximately 20 days.
Beyond this time, the point of diminishing returns is reached and the benefits
of further dose reduction must be balanced against risks associated with altered
blood electrolytes and potential cardiovascular complications. The disadvantages
of this technique include difficulties associated with drinking large amounts of
fluid and the protracted period of treatment.

4.7.2 Intravenous Infusion

Intravenous infusion of normal saline without hemodialysis is an alternative
direct intervention method of forced diuresis. Intravenous infusion of 200 mL/hr
is acceptable for healthy persons, and may be combined with a mild diuretic. A
typical treatment period of 72 hours can reduce the committed dose by approxi-
mately 40%. Hospitalization is recommended in order to monitor electrolytes.
Because of its relatively low efficiency and longer treatment period, it is not
considered to be as cost-effective as hemodialysis. A hospital stay of 72 hours
would cost approximately $2000 in Canada in 1995.

4.7.3 Hemodialysis

Hemodialysis, which consists of diffusion across a semipermeable membrane and
ultrafiltration by hydrostatic pressure, can be used to remove large amounts of
water including HTO, and other low molecular weight substances. This procedure
which is used in the treatment of renal failure, can also be used in the treat-
ment of certain drug overdoses and poisonings [Po84].

Using hemodialysis, biological half-lives of less than 5 hours have been achieved
after a treatment in the range of 200-330 mL/minute of blood flow for a 4-5 hr
period. The committed dose can be reduced by up to 95%, depending on the duration
of treatment and on how soon the treatment is begun after the overexposure.

After completion of hemodialysis, flushing of the dialysis equipment with dis-
tilled water or saline will remove any residual HTO contamination.

The advantage of hemodialysis resides with its superior efficiency and speed as
opposed to other treatment methods. Acid-base or electrolyte disorders which may
develop during forced diuresis can be easily corrected if hemodialysis is used.
Most large medical centres have good dialysis units for the treatment of chronic
renal failure in addition to one or more units for emergency treatment of acute
renal failure. This ensures that the method will be readily available in the
event it must be employed in the treatment of an overexposure to HTO. For treat-
ment of doses above regulatory limits, it is also the most cost-effective method,
since it requires hospitalization for only a few hours. The cost for a single
session of acute hemodialysis treatment in Canada in 1995 is in the $800 range.
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The risk associated with the use of hemodialysis in treating HTO overexposures
cannot easily be derived. Although there is a great deal of information on the
risks associated with hemodialysis in the treatment of renal failure, it is
difficult to extrapolate from this data as many of the adverse incidents that
occur are related to the underlying disease and the need for repeated access to
the circulation. In HTO overexposure, only a single hemodialysis session is
required and the overexposed individual is likely to be a healthy worker. In
chronic renal failure the data on complications which have been attributed to the
hemodialysis procedure, such as technical failures, inappropriate dialysis com-
positions, thermal injury or accidental exposure to toxic substances such as
formaldehyde, are also complicated by the medical condition of the patient. For
example, the majority of symptoms described with the use of an acetate dialysate
buffer (versus a bicarbonate dialysate) are caused by the inability of the
chronic hemodialysis patient to promptly convert acetate to bicarbonate. An B
incidence of 1.7% has been reported for serious dialysis-related injuries in B
chronic hemodialysis patients [Le90]. Data from the use of hemodialysis in
treating drug overdoses or poisonings are not useful since adverse effects are m»
usually attributed to the toxic effects of the chemicals ingested. I

4.7.4 Peritoneal Dialysis

Peritoneal dialysis consists of injecting a volume of about 2 L of isotonic or I
hypertonic liquid into the peritoneal cavity. This procedure will effect an
elimination of substances by exchange with the blood across the peritoneal mem- •
brane. After a variable amount of time, the liquid is drained and replaced by B
a new liquid. The total time between the start of the injection and the end of
the drainage constitutes one cycle of dialysis. The average time of one session _
is 24 hours, but it can be longer if necessary. This method is effective in B
reducing the effective half-life2 of HTO to approximately 13 hours [He74]. The ™
committed dose can be reduced by about 80%, depending on how soon the treatment
is begun. B

The disadvantages of peritoneal dialysis resides in the danger of infection and
lengthy treatment period. Peritoneal dialysis is not recommended as a therapy •
for reduction of HTO doses. B

5. CASE MANAGEMENT

5.1 Summary and Conclusions

elimination.

I
Early intervention is of paramount importance, regardless of the dose reduction •
treatment that is chosen. For this reason, increased fluid intake should be |
initiated on a voluntary, self-administered basis, as soon as the overexposure
is suspected. Salt is an effective thirst enhancer and may be added to solid «
foods or to liquids to encourage large water intake. •

An assessment of general health and specific testing for various medical condi-
tions or disorders should be performed before, or as soon as possible after, I
initiating treatment. Strict medical supervision is required for patients with •
heart, kidney or liver diseases, high blood pressure, seizure disorders, and
respiratory impairment, or patients on medication. m

effective half-life: the period in which a population of atoms is I
reduced by half due to physical disintegration and biological ™

I
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Direct intervention treatment methods are generally more effective than self-
administered methods, since the latter are more heavily influenced by motiva-
tional factors, inconvenience and the duration of the treatment. Hemodialysis
is the most effective of the direct intervention treatment methods and can be
combined with intravenous infusion. However, intravenous infusion alone, without
hemodialysis, is an acceptable alternative.

Cessation of breast feeding should be considered in cases where the dose to the
mother exceeds 5 mSv. Overexposed individuals with committed doses exceeding 50
mSv should not provide blood donations, except in emergency situations, for a
period of one month following the exposure.

No special radiation protection precautions are required to ensure the safety of
medical personnel, health care providers, and other patients.

Regardless of the dose reduction treatment that is chosen, it is recommended that
a final urine bioassay sample be taken one and two days after completion of the
therapy, to confirm its effectiveness and to facilitate dose estimation.

5.2 Prescribed Protocols

Table 1 illustrates a scheme for the medical treatment of individuals overexposed
to HTO, based upon the estimated committed dose that would be received without
intervention or treatment. This scheme is presented as guidance, and the final
choice of treatment should be determined only after consideration of all factors
specific to an individual case and only after appropriate consultation with AECB
medical advisers, medical specialists, internal dosimetry experts and the exposed
individual.

Category 1

For doses ranging between 0 and 10 mSv, no intervention is prescribed. Normal
hydration should be maintained; however, self-administered moderate increases in
fluid intake may be appropriate. Mothers who receive a dose above 5 mSv should
consider ceasing to breast feed, to avoid dose to the infant.

Category 2

For doses ranging between 10-50 mSv, self-administered increases in hydration are
recommended, up to twice the normal amount. The treatment period need not exceed
20 days.

Category 3

For doses ranging between 50-150 mSv, hemodialysis should be considered. Intra-
venous infusion for 72 hours is acceptable as an alternative, if hemodialysis is
not readily available.

Category 4

For doses exceeding 150 mSv, hemodialysis should be prescribed. If such a
treatment is not available locally, the patient should be referred to a suitable
hospital.



TABLE 1

SUMMARY OF CASE MANAGEMENT

Committed dose
without treatment

Category

1

2

3

4

Dose
range
(mSv)

0 - 10

10 - 50

50 -
150

> 150

Dose Reduction Treatment*

Hemato-
logical
baseline
tests

no

yes

yes

yes

Intervention

maintain
normal
hydration

double fluid
intake for
20 days

hemodialysis
if possible;
if not, then
intravenous
infusion

hemodialysis

Potential
Effective-
ness (dose
reduction)

N/A

25 - 50%

> 95%

> 95%

Psycho-
logical

counselling

no

optional

optional

optional

Radiation
Protection
Precaution

consider
ceasing breast
feeding above
5 mSv

as above

cease blood
donations for
one month
following
exposure

all of above

o
I

Strict medical supervision is required for treatment of patients with heart, kidney or liver diseases,
high blood pressure, seizure disorders, respiratory impairment or patients on medication.
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APPENDIX A

DOSE AND DOSE CONVERSION FACTORS

1. Preamble

To comply with the regulatory requirements relating to the dose from exposures
to tritiated water (HTO), AECB licensees measure tritium concentration in urine
to estimate effective dose. This approach is based on the consideration that the
time-integrated HTO concentration which is proportional to accumulated dose in
any organ or tissue would not exceed that in the body water. Hence the doses
estimated from urine concentrations are always conservative. However, a better
estimate of the average soft tissue dose can be obtained from urine concentra-
tions if the organically bound tritium (OBT) is included in the calculation, as
outlined in the Health and Welfare publication titled "Bioassay Guidelines for
Tritium Bioassay" [HW87]. This method, which differs somewhat from the ICRP-56
method [IC89] has been published in an AECB policy statement titled "R-100, The
Determination of Effective Dose From the Intake of Tritiated Water" [AE87].

2. Dose Calculation

The validity of a dose estimation is dependent upon the metabolic parameters that
are used for a particular individual, since metabolism and body composition will
vary from individual to individual. With this caveat, the following dose con-
version factors can be determined.

2.1

Consider an intake of 1 Bq of HTO:

Resultant number of tritium decays within the body
- (1 s"1) (10 days/In 2) [(24) (60) (60) s day"fJ
-= 1.25 x 106

Total energy deposited
- (1.25 x 106 decays) (5.7 keV per decay) (1.6 x 10"13 joules per keV)
- 1.1 x 10"6 joules

Absorbed dose - 1.1 x 10"6 J/63 kg soft t issue mass
- 1.8 x 10'11 Gy
- 1.8 x 10"8 mGy.

Johnson [Jo82] has argued that this needs to be increased by approximately 10%
to account for tritium that is incorporated into tissue.

Thus, an intake of 1 Bq of HTO results in a committed dose of approximately 2.0
x 10"8 mSv. This dose conversion factor applies to reference man (70 kg mass and
10 day biological half-life). It will scale with the biological half-life of
tritium in the individual and inversely with the mass of the individual. Some
references may quote slightly different values for this dose conversion factor
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depending upon the underlying assumptions. The dose conversion factor of 2.0 x
10"8 mSv Bq~* is the Canadian standard [AE87].

2.2 HTO in Urine

The calculation of the total committed dose to the soft tissues of the body can
be calculated from measurements of the concentration of HTO in urine using the
following formula:

H 5.35 x 10"8 x (T2 - Tx) x CT1_.•T2

where H is the dose received (Sv) , and CJJ.^ is the average concentration of HTO
(Bq/mL) in urine during the time period Tj to T2, The factor 5.35 x 10"8 is used
to convert the urine concentration of HTO to the dose received. For specific
recommendations as to bioassay requirements, please refer to Section 2.4 of the
Guidelines 2 [HW87].

2.3 Tritium Dose Reduction Through Increased Fluid Intake

The entries in the table below illustrate the magnitude of dose reductions that
can be obtained by increasing fluid intakes. That is, the table entries are
representative of the dose reductions that are obtained for a given fluid intake
for various lengths of time. It is assumed that afterwards the fluid intake
returned to a "normal" 1.5 L/day. For these fluid intakes, an individual sig-
nificantly lighter than 70 kg would experience greater dose reductions while a
heavier individual would experience smaller dose reductions.

POTENTIAL TRITIUM DOSE REDUCTION FOR DIFFERENT RATES OF FLUID INTAKE

Treatment
length
(days)

5
10
15
20

Daily Fluid Intake
L/day

2.0

5%
10%
10%
15%

2.5

10%
15%
20%
20%

3.0

15%
20%
25%
30%

4.0

20%
30%
35%
40%

5.0

30%
40%
45%
50%

The above table assumes that the increased fluid intake began immediately after
the exposure. If the treatment is delayed, the effectiveness of the increased
fluid intake is decreased. For example, if the increased fluid intake is delayed
for 1 day, only about 90% of the dose reductions indicated in Table 1 would be
achieved. If the increased fluid intake were delayed 5 days, only about 70% of
the indicated dose reduction could be achieved. Similar comments apply to
dialysis. Thus, while hemodialysis can result in a dose reduction of 80 to 90%
if started immediately, the dose reduction would be closer to 60% if delayed five
days and about 20% if delayed 20 days.
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The table was calculated on the basis of the retention function quoted in HW87.
The fast time constant was assumed to be inversely proportional to the total
daily water balance which was taken to be 3 L/day, 50% as fluid intake and 50%
from other sources. The slow time constant and the relative size of the two
components were assumed to be independent of the fluid intake. The errors
introduced by this latter assumption are small and conservative. That is, the
table will tend to slightly underestimate the dose reductions achievable.
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APPENDIX B

CASE STUDIES

Case

Individual

Exposure

Treatment

Results

Comments

1 [IA91]

Male

Splashed with tritiated
heavy water. Initial urine
tritium concentration of 16
MBq/L (440 /iCi/L) .
Committed dose of 18 mSv,
based on Th - 10 d.

Fluid intake increased from
4 L on day 1 to 6 L on day
2 and maintained at that
level for the rest of the
treatment (10 days).

Effective ft » 4 d, Dose
reduction of about 40%.

No history of health
problems; all functions
remained normal during
treatment time. Com-
plaints of bloating and
early adaption to forcing
himself to drink.

2 [IA91]

Male

Sprayed with tritiated
heavy water. Initial
urine tritium concen-
tration of 9 MBq/L (240
/iCi/L). Effective
Ik - 13 d.

Fluid intake increased,
after 2 day delay, to 6
L/d for 12 days.

Effective 1h - 5.5 d.
Dose reduction of 34%
during the treatment
period and 19% reduction
in total committed dose.

No history of health
problems ; all functions
remained normal during
treatment time.
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CASE STUDIES (continued)

Case

Individual

Exposure

Treatment

Results

Comments

3 [Sa68]

Male, 100 kg

Inhalation of tritium.
Calculated initial urine
tritium concentration of
744 fiCi/L
(28 MBq/L).

Oral diuretic administered
starting on day 3 until
day 35.

Effective Th •= 6 d. Total
effective dose received
was 3.37 rem (34 mSv).

Individual assigned to
work areas where there was
no possibility of further
exposure.

4A [L186]

Female, 53.4 kg

Inhalation of tritiated
water. Expected committed
dose equivalent of 0.8 Sv,
based on T^ = 10 d.

Increased fluid intake for
days 1-4; forced diuresis,
for 4 days, with venous
infusion of 7 L/d,
enhanced by 40 mg of
furosemide intravenously.
Increased fluid intake
thereafter.

T4 = 6.4 d (days 1 - 4 ) ;
TH - 2.7 d (days 4 - 8 ) ;
TH - 10 d (days 8 - on);
Committed effective dose
equivalent 470 mSv; dose
reduction of more than
40%.

No history of health
problems ; all functions
remained normal during
treatment time.
Experienced lassitude and
felt cold (due to psycho-
logical depression).
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CASE STUDIES (continued)

Case

Individual

Exposure

Treatment

Results

Comments

4B [L186]

Male

Inhalation of tritiated
water.
Expected committed dose
equivalent of 0.025 Sv,
based on T1* - 10 d.

Increase fluid intake of
4-5 L/d for 3 weeks.

1h - 5.7 d (days 1 - 2 0 ) ;
Th - 10 d (days 20 - on);
Committed effective dose
equivalent 13.5 mSv;
committed dose reduced by
65%.

No history of health
problems.

5 [NB90]

Eight Males

Drinking of tritiated
water following
deliberate contamination.
Initial committed
effective dose estimates
ranged from 14-232 mSv,
with three over 100 mSv.

Increased fluid intake,
within 48 hours of
uptake, of approximately
6 L/d (actual intake
averages
of about 3 L/d in the 30
days following intake).

Final doses ranged from 9
to 137 mSv, with only one
over 100 mSv; dose
reduction ranged from 12
to 48% with an average of
35%.

No medical complications
resulted. Complaints of
bloating and difficulty
in maintaining high fluid
intakes.
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APPENDIX C

SYSTÈME INTERNATIONAL (SI) UNITS

The rad (rad) is replaced by the gray^ (Gy)

1 kilorad (krad)
1 rad (rad)
1 millirad (mrad)
1 microrad (/irad)

1 gray (Gy)
1 milligray (mGy)
1 microgray (/*Gy)
1 nanogray (nGy)

10 grays (Gy)
10 milligrays (mGy)
10 micrograys (/iGy)
10 nanograys (nGy)

The gray (Gy) replaces the rad (rad)

100 rad (rad)
100 millirad (mrad)
100 microrad (/irad)
100 nanorad (nrad)

The rem (rem) is replaced by the sievert^ (Sv)

1 kilorem (krem)
1 millirem (mrem)
1 rem (rem)
1 microrem (prem)

10 .'iieverts (Sv)
10 microsieverts
10 millisieverts (mSv)
10 nanosieverts (nSv)

The sievert (Sv) replaces the rem (rem)

1 sievert (Sv)
1 millisievert (mSv)
1 microsievert (/JSV)
1 nanosievert (nSv)

100 rem (rem)
100 millirem (mrem)
100 microrem (/irem)
100 nanorem (nrem)

The curie (Ci) is replaced by the becquerel^ (Bq)

kilocurie (kCi)
curie (Ci)
millicurie (mCi)
microcurie (fid)
nanocurie (nCi)

37 terabecquerels (TBq)
37 gigabecquerels (GBq)
37 megabecquerels (MBq)
37 kilobecquerels (kBq)
37 becquerels (Bq)

The becquerel (Bq) replaces the curie (Ci)

1 terabecquerel (TBq)
1 gigabecquerel (GBq)
1 megabecquerel (MBq)
1 kilobecquerel (kBq)
1 becquerel (Bq)

27 curies (Ci)
27 millicuries (mCi)
27 microcuries (/iCi)
27 nanocuries (nCi)
27 picocuries (pCi)

(1) a gray is a SI unit of "absorbed dose"
(2) a sievert is a SI unit of "equivalent dose" and "effective dose"
(3) a becquerel is a unit of activity equal to one radioactive disintegration

per second
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