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8 MEDICAL RESPONSE IN NUCLEAR OR RADIOLOGICAL EMERGENCY
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Sulphur

PHYSICAL CHARACTERISTICS
\/

\
Sulphur-35 (*S) " EXPOSURE RISK
= Radioactive half-life: 87 d

= Main types of radiation emitted: 3-

= |rradiation O
= External contamination ++

In the event of a criticality accident, the Sulphur (S) present = Internal contamination +
in the organism (skin appendages) is partly activated as

Sulphur-35 (3°S).

SOURCES OF EXPOSURE
= Research laboratories

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay = Faeces bioassay

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
Magnesium sulphate
PRESENTATION

LAVOISIER MAGNESIUM SULPHATE 15% (0.15 g/ml) solution for IV injection. 20 ml vial containing 3 g of Magnesium
sulphate heptahydrate (CHAIX ET DU MARAIS LABORATORY).

INDICATIONS
Internal contamination by ingestion.

DOSAGE
Adults: 5to 10 g by oral route (about 100 mg/kg), i.e. 2 to 3 vials of 20 ml.

IRSN-INRS radionuclide sheet: Radiation protection: radionuclides. Sulphur-35 (irsn.fr).

RH48 RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination
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https://www.french-nuclear-safety.fr/asn-regulates/asn-guides/dosimetric-references-of-the-radionuclide-handbook
https://www.irsn.fr/FR/professionnels_sante/documentation/Documents/IRSN-fiche_soufre35.pdf
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99m

Technetium Tc

Technetium

PHYSICAL CHARACTERISTICS
Technetium-99m (°°™Tc)

= Radioactive half-life: 6 h

= Main types of radiation emitted: e- and vy

Y
EXPOSURE RISK
= Irradiation +
= External contamination +
= Internal contamination +

SOURCES OF EXPOSURE

= Nuclear medicine (diagnosis)

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay = In vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
No treatment required due to the very short half-life of Technetium-99m (6 h).

IRSN-INRS radionuclide sheet: Radiation protection: radionuclides. Technetium-99m (irsn.fr).

RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination ~ RH 49


https://www.irsn.fr/sites/default/files/documents/professionnels_sante/documentation/IRSN-fiche_Technetium99m.pdf
https://www.french-nuclear-safety.fr/asn-regulates/asn-guides/dosimetric-references-of-the-radionuclide-handbook

Tellurium

PHYSICAL CHARACTERISTICS

Tellurium-132 (*2Te)

= Radioactive half-life: 3.26 d

= Main types of radiation emitted: B and vy

SOURCES OF EXPOSURE
= Nuclear reactors (fission products)

132
Te

Tellurium

N
EXPOSURE RISK
= |rradiation ++
= External contamination ++
= Internal contamination +++

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay = Faeces bioassay =/n vivo measurement

DOSE COEFFICIENT REFERENCE

Effective commmitted dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

4,10

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT

FIRST-LINE TREATMENT
Potassium iodide

PRESENTATION

Potassium iodide, 65 mg tablets (PCA -
Central Pharmacy of the Armed Forces).

DOSAGE
Adults (including pregnant women): 2 tablets.
Children (3to 12 years): 1 tablet.

Children (1 month to 3 years): ¥~ tablet (may be
dissolved in water, milk or fruit juice).

Newborns (<1 mois): 16 mg, i.e. Y tablet.

To be effective, the iodine tablet must be taken

ideally a few hours before exposure to the radioactive
particles and gases and within 8 hours after exposure

at the latest.

In the event of a nuclear or radiological accident,
the tablets pre-distributed to the public must only
be taken when formally instructed to do so by the
competent authorities (Prefect or high command
in a military environments).

The treatment must not be renewed unless instructed
to do so by the competent authorities.

SECOND-LINE TREATMENT

1% iodine solution (Lugol's iodine)

Lugol's iodine can be used as an alternative to Potassium
iodide tablets when the latter are not available.
PRESENTATION

LUGOL's iodine (1% potassium iodide — iodine solution)
oral drops, prepared by pharmacist.

DOSAGE

Persons > 12 years (> 12 years): 80 drops.
Children (3 to 12 years): 40 drops.

Children (< 3 years): 20 drops (Codex dropper).

RH50

RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination
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201 204

Thallium Ti Tl

Thallium Thallium

PHYSICAL CHARACTERISTICS

Thallium-201 (2°'Tl) Thallium-204 (2°4Tl)
= Radioactive half-life: 3 d = Radioactive half-life: 3.8 years
= Main types of radiation emitted: X and ~y = Main types of radiation emitted: B-

SOURCES OF EXPOSURE
A\

= 20T|: nuclear medicine (diagnosis) — I e

= [rradiation + 2°'T|

= External contamination ++
= Internal contamination ++

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay =Faeces bioassay = /n vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

ZHE
e

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
Prussian Blue (Iron ferrocyanide)

PRESENTATION

RADIOGARDASE® 500 mg capsules (SERB).

DOSAGE
Persons > 12 years: 1 g, 3 times a day, i.e. 3 g/d.
Children (2 to 12 years): 0.5 g, 3 times a day, i.e. 1.5 g/d.

Children (< 2 years): no data being available, the administration of Prussian Blue must be evaluated with respect
to the risks involved.

The capsules must be swallowed with a drink or with foodstuffs; food intake speeds up biliary secretion
and the enterohepatic cycle.

With patients who have difficulty swallowing, the capsules can be opened and their content mixed
with the food or a liquid (e.g. a mannitol solution).

IRSN-INRS radionuclide sheet: Radiation protection: radionuclides. Thallium-201 (irsn.fr).

RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination ~ RH 51


https://www.irsn.fr/FR/professionnels_sante/documentation/Documents/IRSN-fiche_thallium201.pdf
https://www.french-nuclear-safety.fr/asn-regulates/asn-guides/dosimetric-references-of-the-radionuclide-handbook

232

Thorium Th

Thorium

PHYSICAL CHARACTERISTICS
Thorium-232 (%2Th)

= Radioactive half-life: 1.4-10"° years
= Main types of radiation emitted: «

= Decay products: Radium-228 (3-), Radium-224 (o),
Radon-220 («) and Lead-212 (3- and v)

\3)
EXPOSURE RISK
= |rradiation O
= External contamination O
= Internal contamination ++

SOURCES OF EXPOSURE

= |Industry: alloys, electrodes
= Optics
= Mines and rare earth works

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay =Faeces bioassay =Lung in vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

ZHE
e

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
Pentetate calcium trisodium

No demonstrated clinical effectiveness, but usable due to its good tolerance profile.

PRESENTATION
Ca-DTPA 250 mg/ml, injectable solution. 4 ml vial (PCA — Central Pharmacy of the Armed Forces).

DOSAGE

Persons > 12 years: slow |V injection or infusion in 15 min of a half-vial of Ca-DTPA (i.e. 0.5 g), diluted in 100 to 200 ml
of isotonic saline solution or 5% glucose solution, without exceeding 1 g/d.

Children (< 12 years): slow IV injection or infusion 14 mg/kg, without exceeding 0.5 g/d.

TREATMENTS COMPLEMENTARY TO INTRAVENOUS ADMINISTRATION
Pulmonary contamination
Adults — Children (to be used with caution):1g in a single administration by inhalation — nebulisation only
(spray mist, 50/50 dilution of a 4 ml vial in sterile or saline water).
Contaminated wounds
Pour one or more vials over the wound.

IRSN-INRS radionuclide sheet: Radiation protection: radionuclides. Thorium-232 (irsn.fr).

RH52 RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination
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https://www.french-nuclear-safety.fr/asn-regulates/asn-guides/dosimetric-references-of-the-radionuclide-handbook
https://www.irsn.fr/FR/professionnels_sante/documentation/Documents/IRSN-fiche_thorium232.pdf
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Tritium ToH

Tritium

PHYSICAL CHARACTERISTICS
\

- 3 N

Tritium (T ou *H) EXPOSURE RISK

= Radioactive half-life: 12.3 years
= Main types of radiation emitted: 3-

= |rradiation O
= External contamination O
= Internal contamination +

SOURCES OF EXPOSURE

= Calibration sources
= Nuclear reactors (activation products)
= Radioimmunology (molecular marking)

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

ZHE

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
In the event of ingestion of tritiated water, massive hydration (3 to 4 I/d).

IRSN-INRS radionuclide sheet: Radiation protection: radionuclides. Tritium (irsn.fr).

RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination ~ RH 53


https://www.french-nuclear-safety.fr/asn-regulates/asn-guides/dosimetric-references-of-the-radionuclide-handbook
https://www.irsn.fr/sites/default/files/documents/professionnels_sante/documentation/IRSN-fiche_tritium.pdf

238

Uranium u u

Uranium Uranium

PHYSICAL CHARACTERISTICS

Uranium-235 (%*°U) Uranium-238 (%*2U)

= Radioactive half-life: 7 x 108 years = Radioactive half-life: 4.5 x 10° years

= Main types of radiation emitted: « and vy = Main types of radiation emitted: «

= Decay products: Protactinium-231 («) = Decay products: Uranium-234 (a), Thorium-230 («),
and Actinium-227 (By) Radium-226 (ay) and Lead-210 («)

SOURCES OF EXPOSURE

. . A/
= Enriched uranium: nuclear reactors

(fuel), nuclear weapons o . .
= Depleted uranium: ballast, biological = Irradiation O 'to ++ (enriched Uranium)

protections, conventional weapons = External contamination + (Decay product: Z2U)
= Internal contamination +++ (Chemical reaction)

EXPOSURE RISK

INTERNAL CONTAMINATION MEASUREMENT
=Urine bioassay =Faeces bioassay =Lung in vivo measurement

DOSE COEFFICIENT REFERENCE

Effective commmitted dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

ZHE]
i
[EI

french-nuclear-safety.fr/dosimetric-references

DOSAGE

Slow infusion, 1 bottle of 250 ml of isotonic solution (1-2 mmol/kg).
Continue the treatment until an urine pH of 8-9 is obtained.
CONTRAINDICATIONS

= Metabolic alkalosis.

= Respiratory acidosis.

The infusion can aggravate or reveal an existing state of hypokalaemia.

EMERGENCY TREATMENT @
Sodium bicarbonate

PRESENTATION

LAVOISIER SODIUM BICARBONATE 1.4% isotonic solution for infusion (CHAIX ET DU MARAIS LABORATORY).

IRSN-INRS radionuclide sheet: Radiation protection: radionucleides. Natural uranium (irsn.fr).

RH54 RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination
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https://www.irsn.fr/FR/professionnels_sante/documentation/Documents/IRSN-fiche_uranium-naturel.pdf
https://www.french-nuclear-safety.fr/asn-regulates/asn-guides/dosimetric-references-of-the-radionuclide-handbook
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169

Ytterbium Yb

Ytterbium

PHYSICAL CHARACTERISTICS

Ytterbium-169 (*°Yb)

= Radioactive half-life: 32 d

= Main types of radiation emitted: e- and vy

Y
EXPOSURE RISK
= Irradiation +
= External contamination +
= Internal contamination +

SOURCES OF EXPOSURE

Not indicated

INTERNAL CONTAMINATION MEASUREMENT
= Urine bioassay =Faeces bioassay = /n vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

OF%]0

B4

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
Pentetate calcium trisodium

No demonstrated clinical effectiveness, but usable due to its good tolerance profile.

PRESENTATION
Ca-DTPA 250 mg/ml, injectable solution. 4 ml vial (PCA — Central Pharmacy of the Armed Forces).

DOSAGE
Persons > 12 years: slow |V injection or infusion in 15 min of a half-vial of Ca-DTPA (i.e. 0.5 g), diluted in 100 to 200 ml
of isotonic saline solution or 5% glucose solution, without exceeding 1g/d.

Children (< 12 years): slow IV injection or infusion 14 mg/kg, without exceeding 0.5 g/d.
TREATMENTS COMPLEMENTARY TO INTRAVENOUS ADMINISTRATION
Pulmonary contamination
Adults — Children (to be used with caution):1g in a single administration by inhalation — nebulisation only
(spray mist, 50/50 dilution of a 4 ml vial in sterile or saline water).
Contaminated wounds
Pour one or more vials over the wound.

RADIONUCLIDE HANDBOOK - Emergency treatment of internal contamination RH55
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90

Yttrium Y

Yttrium

PHYSICAL CHARACTERISTICS »
1 . 90" N 7/

Yttrium-90 (*°Y) EXPOSURE RISK

= Radioactive half-life: 2.7 d

= Main types of radiation emitted: 3-

= Irradiation +
= External contamination ++
= Internal contamination +

SOURCES OF EXPOSURE

= Nuclear reactors (fission products)
= Nuclear medicine (therapeutic)

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay = Faeces bioassay =/n vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
Pentetate calcium trisodium

No demonstrated clinical effectiveness, but usable due to its good tolerance profile.

PRESENTATION
Ca-DTPA 250 mg/ml, injectable solution. 4 ml vial (PCA — Central Pharmacy of the Armed Forces).

DOSAGE

Persons > 12 years: slow |V injection or infusion in 15 min of a half-vial of Ca-DTPA (i.e. 0.5 g), diluted in 100 to 200 ml
of isotonic saline solution or 5% glucose solution, without exceeding 1 g/d.

Children (< 12 years): slow IV injection or infusion 14 mg/kg, without exceeding 0.5 g/d.

TREATMENTS COMPLEMENTARY TO INTRAVENOUS ADMINISTRATION
Pulmonary contamination
Adults — Children (to be used with caution): 1g in a single administration by inhalation — nebulisation only
(spray mist, 50/50 dilution of a 4 ml vial in sterile or saline water).
Contaminated wounds
Pour one or more vials over the wound.

IRSN-INRS radionuclide sheet: Radiation protection: radionuclides. Yttrium-90 (irsn.fr).
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PHYSICAL CHARACTERISTICS

) . M,
Zinc-65 (%°Zn) EXPOSURE RISK

= Radioactive half-life: 244 d
= Main types of radiation emitted: y

= |rradiation ++
= External contamination ++
= Internal contamination ++

SOURCES OF EXPOSURE

= Nuclear reactors (activation products)

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay =Faeces bioassay = /n vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT @
Pentetate calcium trisodium

PRESENTATION

Ca-DTPA 250 mg/ml, injectable solution. 4 ml vial (PCA — Central Pharmacy of the Armed Forces).

DOSAGE

Persons > 12 years: slow IV injection or infusion in 15 min of a half-vial of Ca-DTPA (i.e. 0.5 g), diluted in 100 to 200 ml
of isotonic saline solution or 5% glucose solution, without exceeding 1 g/d.

Children (< 12 years): slow IV injection or infusion 14 mg/kg, without exceeding 0.5 g/d.

TREATMENTS COMPLEMENTARY TO INTRAVENOUS ADMINISTRATION
Pulmonary contamination
Adults — Children (to be used with caution): 1g in a single administration by inhalation — nebulisation only
(spray mist, 50/50 dilution of a 4 ml vial in sterile or saline water).
Contaminated wounds
Pour one or more vials over the wound.
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Zirconium

PHYSICAL CHARACTERISTICS
Zirconium-95 (°5Zr)

= Radioactive half-life: 64 d

= Main types of radiation emitted: B- and

SOURCES OF EXPOSURE
= Nuclear reactors (activation products)

95
Zr

Zirconium

N
EXPOSURE RISK
= |rradiation ++
= External contamination ++
= Internal contamination ++

INTERNAL CONTAMINATION MEASUREMENT

= Urine bioassay =Faeces bioassay = /n vivo measurement

DOSE COEFFICIENT REFERENCE

Effective committed dose per becquerel incorporated, taken from the Order
mentioned in Article R. 1333-24 of the Public Health Code:

Rt
=] £, %

.0

french-nuclear-safety.fr/dosimetric-references

EMERGENCY TREATMENT

Two treatments are possible.
Deferoxamine

PRESENTATION
DESFERAL® 500 mg. Powder and solvent for
injectable solution.

DOSAGE

IV administration by continuous infusion at
the recommended rate of 15 mg/kg/h, for 4-6 h.

This medication can be used for adults and
children.

shall be checked regularly.

CONTRAINDICATIONS
= Pregnancy.
= Severe renal impairment.

The total IV dose must not exceed 80 mg/kg/24 h.

Pentetate calcium trisodium

No demonstrated clinical effectiveness, but usable
due to its good tolerance profile.

PRESENTATION

Ca-DTPA 250 mg/ml, injectable solution. 4 ml vial

(PCA - Central Pharmacy of the Armed Forces).

DOSAGE

Persons > 12 years: slow IV injection or infusion in 15 min

When used in children, their growth and weight

of a half-vial of Ca-DTPA (i.e. 0.5 g), diluted in 100 to 200 ml
of saline isotonic solution or 5% glucose solution, without
exceeding 1g/d.

Children (< 12 years): slow IV injection or infusion 14 mg/kg,
without exceeding 0.5 g/d.

TREATMENTS COMPLEMENTARY TO INTRAVENOUS ADMINISTRATION

Pulmonary contamination
Adults — Children (to be used with caution):1gin
a single administration by inhalation — nebulisation
only (spray mist, 50/50 dilution of a 4 ml vial in sterile
or saline water).

Contaminated wounds

Pour one or more vials over the wound.
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