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Q. Phormoco nuclear inc.1o0 NORTH EUCLio AVENUE * SUITE 9o0
ST. Louis, MISSOURI 631o8

(314) 367 93co
.

July 10, 1931
R3. Control No. 07466

Mr. Jascph Del 1 cdico
n terial T..icensin; Brancha c.

Division of Fual Cycle and Material Safety F
U.S. Nuclear Rc;ulat6:y Cor.uission g
Uashin3 ton, D.C. 20555

Daar lir. Del Medico: [
e

Uith responoa to your letter date June 23. 1931 the follouing information
and s tatoucuts are made: "

1. Tha used Ocncrators ue vill provide clients vill not be altered nor
adultarated by us. Our use of thou is in strict accordance with manufactu'rar's
ins tructions .

2 In addition to the original uanufacturer's labelin3, attached to the
generator util be a Pharunco Nuc12ar label delin2ating the ori inal assay3
along uith the assay at the tina of shipuent by us.

.3 All inforuation, instructions and procedures originally providad to us by
the uanufacturer uith the generator vill be sent uith the used Ocnerator.

Enclosed please find the manufacturer's "nperatin3 Ins tructions Booklet" NRP-196
and au::111ary labels they provide. Also enclosed are tuo samples of our pre-
scription labels.

Uc vill provida these itcus uith each used generator delivered.

Sincerly,
o ~ . -

[Uillian C. Mc:1 ugh Ph.D.
uana3cr
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New Engfand Nuclear'

601 Treble Cove Road.
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Technetium Tc 99m ;

i
'

Generator
Operating Instructions

Technetium Tc 99m Generator (Fission)
FOR DIAGNOSTIC USE

RATIONALE
A radioisotope generator is a device for separating a daughter nuclide from hN 9$r

T ut a d gt the o rat

its parent. For nuclear medicine applications, this usually involves separating nt i o en m 9 n
isotonic saline solution as a stenle non-pyrogenic diagnostic radiopharmaceutical

a shorter-lived daughter from a much longer. lived parent. The use of short- suitable for intravenous administration. The pH is 4.5-7.0
lived nuclides for diagnosis is quite desirable, as it generally decreases radiation

PHYSICAL CHARACTERISTICSburden to the patient while simultaneously increasing the diagnostic infor- Technetium Tc 99m decays by isomeric transition with a physical half-life of 6.02 hours.
mation available to the physician.The generator conce pt is a practical method ISOURCE: Martin, M.J., Nuclear Data Project, Oak Ridge National Laboratory, March
of making short-lived radionuclides available to the medical community j 976.) Photons that are useful for imaging studies are listed in Table 1.
at distances far from the production facility and at the time the nuclide Table 1. Principle Radiation Emission Data -Technetium Tc 99m
is needed. Mean %/
In the hiolybdenum hio 99-Technetium Tc 99m Generator, the parent a ad n sintegradon Mean Energy (kev)
nuclide hiolybdenum hio 99 decays with a half-life of 66.0 hours. As the amma-2 88.96 140.5
hiolybdenum hio 99 decays, it generates the daughter nuclide, Technetium EXTERNAL RADIATIONTc 99m. As it is formed, the Technetium Tc 99m begins to decay with a The specif.ic gamma ray constant for Technetium Tc 99m is 0.8R/ mci-br. at 1cm. The
half-life of 6.02 hours. The maximum Technetium Tc 99m activity in the first half-valu.e thickness is 0.2mm of lead (Pb). To facilitate control of radiation exposure
generator'is reached 23 hours after a previous elution, and represents a tIone tionYad

'
' e he rad a't ot mt yafctc f at u1 Abalance between the production of new Technetium Tc 99m (from the decay e wiH a en

range of values for the relative attenuation of the raddon emitted by this radionuclide
of parent hiolybdenum hio 99), and the loss of previously formed daughter that results from interposition of various thicknesses of lead is shown in Table 2.
Technetium Tc 99m (as a result of its own decay). Table 2, Radiation Attenuation By a.ead Shielding
The chemistry of the generator system permits virtually all of the Technetium

Shield Thickness lead (Pb) mm Coefficient of Attenuation
Tc 99m existing in the generator at any particular time to be harvested by

0.2 0.5clution with sterile saline, while at the same time, the hiolybdenum hio 99 0.8 jou
remains behind to continue generating more Technetium Tc 99m. Generally. 1.6 30-2
clutions are performed daily, but more frequent elutions may be carried out.
The output, or yield of the generator, sterile pertechnetate, consists of

jj 10;2
10

*TcOi in physiological saline, and decays with a 6.02 hour half-life. To facilitate correction for physical decay of Technetium Tc 99m, the fractions of irithi
activity that remain at selected intervals after the time of calibration are shown ia Table 3

REGULATIONS ,

The medical use of Technetium Tc 99m Generators is regulated by the U.S. Table 3. Physical Decay Chart; Technetium Tc 99m Half Life 6.02 Hours
Food and Drug Admimstration and by the U.S. Nuclear Regulatory Com-

Re$ ng
"

mission or appropriate licensing agencies. Shipping is regulated by the U.S. Hours Hours Re ng

Department of Transportation. 0* 1.000 7 oggj
1 0.891 8 0.398

DISPOSAL $ $ bhThe hiolybdenum hio 99-Technetium Tc 99m Generator should not be 10
4 0.631 11 0.282

disposed into routine trash systems. You are best advised to dispose of this 5 0.562 12 0.251
through a USNRC or Agreement State licensed disposal agency or make

-

6 0.501
arrangements to properly ship them back to New England Nuclear. In Canada, * Calibration Time
contact the Atomic Energy Commission Board License. In Australia, contact
your respective State llcalth Authority for proper disposal methods.

2
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CLINICAL PHARMACOLOGY: The pertechnetata ion distributes in the body similaity ADVERSE REACTIONS: Nons known.
to the iodide ion but is n,ot organified when trapped in the thyroid gland. Pertechnetate DOSAGE AN D ADMIN ISTRATION: Sodium pertechnetate Tc 99m is usually adminis-

*

1snds to accumulate in intracranial lesions with excessive neovascularity or an altered tered by intravascular injection, but can be given orally. The dosage employed variesblood-bra n barrier. It also concentrates in the choroid plexus, thyroad gland, salivary with each diagnostic procedure.glands, and stomach. After intravascular administration it remains in the circulatory
system for sufficient time to permit blood pool, organ perf usion, and major vessel studies. Thesuggestedintravenousdoserangeemployedforvariousdiagnost. . dicationsareicm

it gradually equilibrates with the extracellular space. A fraction is promptly excreted via as follows.,
th3 kidneys. IN AVERAGE ADULT (70kg) PATIENTS:

10INDICATIONS AND USAGE: Sodium pe'rtechnetate Tc 99m is used IN ADULTS asan gaini ging:oagynt for* brain imaging including cerebral radionuclide angiography; thyroid imaging; Sa vary gland imagingi 1 to SmCi
salivary gland imaging; placenta localization; and blood pool imaging includir'g radio- Placenta localization: 1 to 3 mcinuclide angiography. Blood pool imaging: 10 to 30 mci
Sodium pertechnetate Tc 99m is used IN CHILDREN as an agent for: brain imaging in-
cluding cerebral radionuclide angiography; thyroid imaging; and blood pool imaging IN PEDIATRIC PATIENTS:
including radionuclide angiography. ' Brain imaging: 140-280gCi/kg body weight

,

A minimum dose of 3-SmCi should be employed if cerebral radionuclide angiography is
CONTRAINDICATIONS: None knowrL performed as part of the brain imaging procedure.
WARNINGS: Radiation risks associated with the use of sodium pertechnetate Tc 99m Thyroid gland imaging: 60-80pCi/kg body weight.
are greater in children than in adults and, in general, the younger the child the greater Blood poolimaging: 140-280 Ci/kg body weight.
the risk owing to greater absorbed radiation doses and longer life-expectancy. These A minimum dose of 3-SmCi should be employed if radionuclide angiography is perform-
greater risks should be taken firmly into account in all benefit-risk assessments involving ed as part of the blood pool imaging procedure.

This r d opharmaceutical preparation should not be administered to patients who are 70T, u io nnaceut,ca 9 n ,m yyam de a u a s eaes
nn g e o t,on,

pregnant or to nursing mothers unless the expected benefits to be gained outweigh the wnen sad um peffechnetate Tc 99m is used m chddren for bram or blood pool emaging. admestration & potasseum
potential hazards. pereniorate is especiany unportant to mamere the absorbed radiation dose to tne myred oland.

CAUTION: It is recommended that elution vial shields be used when eluting generators. The patient dose should be measured by a suitable radioactivity calibration system
shitided syringes be used when preparing formulations, and appropriate vial shields immediately prior to administration.
be used for the formulations. RADIATION DOSIMETRY
Store at room temperature (15*-30*C). Avoid Freezing. The estimated absorbed radiation doses (modified from: Summary of Current Radiation
PRECAUTIONS: Sodium pertechnetate Tc 99m,like any radioactive agent, must be Dose Estimates to Normal Humans from 89mTc as Sodium Perfechnetate, MIRD Dose
handled with care. Appropriate safety measures should be used to minimize extemal Estimate Report No. 8. J. Nucl. Med. 7 7 (1):74-7. (1976).) to an average patient (70kg)
radiation exposure to clinical personnel. Care should also be taken to minimize radiation fromanintravenousinjection of a maximumdoseof 20millicunesof TechnetiumTc99m
exposure to the patients in a manner consistent with proper patient management. distributed uniformly in the total body of subjects not pretreated with blocking agents
The USNRC and USP have established a limit of 0.15 microcurie of Molybdenum Mo 99 such as reagent grade potassium perchlorate are shown in Table 4. For placental locali-
per millicurie of Technetium Tc 99m at the time of administration to each patient. Routine zation studies, when a maximum dose of 3 millicuries is used, it is assumed to be unt-
testing for molybdenum breakthrough should be performed by the user. Please refer to formly equilibrated between maternal and fetal tissues.
the Technetium Tc 99m Generator Operating Instructions for the Radiometric Molyb-
denum Test Procedure. These instructions are enclosed with each generator. Table 4. Radiation Dosimetry

Carcinogenesis, Mutagenesis, impairment of Fertility Absorbed Radiation Dose
No animal studies have been performed to evaluate caremogenic potentiaMr whether '" (rads /3 millicuries)sodium pertechnetate Tc 99m affects fertility in males or females. (tng e

Pregnancy Category C Tissue Population Population
Animal reproductive studies have r;ot been conducted with sodium portechnetate Tc

-Bladder wall 1.06 1.70 -99m. It is also not known whether sodium pertechnetate Tc 99m caeause fetal harm
when administered to a pregnant woman or can affect reproductiora,4pacity. Sodium Gastrointestinal tract:
pertechnetate Tc 99m injection should be given to a pregnant woman only if clearly Stomach wall 5.00 1.02 -

Upper large 1.36 2.40 -

Lower large !ntestine wallneeded.
mtestine waH L22 2.20 -

Ideally examinations using radiopharmaceuticals, especially those elective in nature,
of a woman of childbearing capability should be performed during the first few(approxi- festes

d rrow
mately 10) days followmg the onset of menses. Ovaries 0 44 0.60 -

Nursing Mothers Thyroid 2.60 2.60 -

Sodium pertechnetate Tc 99m is excreted in human milk during lactation; therefore, Brain O.28 0 24 -

formula feedmgs should be substituted for breast feeding. Whole body 0.28 0.22 -

This radiopharmaceutical preparation should not be administered to pregnant or lactat- Placenta - - 0.05
ing women unless expected benefits to be gained outweigh the potential risks. Fetus - - 0.05
Radiopharmaceuticals should be used only by physicians who are qualified by training
and experience in the safe use and handling of radionuclides and whose experience
and training have been approved by the appropriate government agency authorized to in pediatric patients, the maximum absorbed radiation doses will be obtained when a
license the use of radionuclides. dose of SmCi of sodium pertechnetate Tc 99m is administered to a neonate (3.5kg) for
Theexpirationdateof theTechnetiumTc99mGeneratoristhirteendaysaftercalibration, brain or blood poolimaging with radionuclide angiography.
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The absort>ed radiation doses under these circumstinces tr3 at follows:
*

Absort>ed Absorbed
*

Radiation Dose Radiation Dose Spent generators may be returned to NEN co!!ect riagromrdiransportation
Tissue (rads /5 mci) Tissue (rads /5 mci) only. Full return instructions are provided regularly with generator shipments
' Thyroid and are available on request.
(without perchlorate) 23.0 Testes 0.51

Thyroid NRP-196F NEN TECHNETIUM Tc 99m GENERATOR
(with perchlorate) 4.85 Ovaries 1.10 CONTENTS:Large Bowel
(with perchlorate) 9.55 Whole-body 0.76 1. Generator

2. Eluate Collection Vials, sterile, non-pyrogenic, evacuated. 27ml capacityHOW SUPPLIED: The NEN Molybdenum Mo 99-Technetium Tc 99m Generator is
available in the following quantities of radioactivity 225,450,675,900,1350,1800, 3. Charge \,ials, approximately 5.8m1 sterile cluant for NEN Technetium
2250 and 2700 millicuries of Mo 99 on the calibration date (as specified on the identifi- Tc 99m Generator; 20ml sterile cluant auitable upon request.
cation label affixed to the generator). Each generator is supplied with the following 4. Eluate labelsstindard components:

10 Saline Cha
10 Collection .rge Vials Starter Kit (supplied with initial generator order)

vials
1 Package Insert a. Two cluting shields
1 Operating Instructions b. One simulated Mol bdenum hio 99 reference source (utilizing Cesium3)$ is Cs 137 to simulate Molybdenum Mo 99). The reference source isai n hel)
1 Molybdenum Mo 99 Activity Record calibrated prior to shipment in terms of Molybdenum Mo 99 and is

First order generators are shipped with the following accessory components. identical in geometry to the 27ml Eluate Collection Vial.
2 Eluting Shields
1 Cesium Cs 137 Reference Source Kit

Extra quantities of these components may be obtained at the customer's request. DESCRIPTION
DISPOSAL: The Molybdenum Mo 99-Technetium Tc 99m Generator should not be NEN Technetium Tc 99m Generator consists of an alumina colunm

loaded with Mol bdenum Mo 99, with a means for con enient aseptic clutiondisposed of into routine trash systems.You are best advised to dispose of this through 3
a USNRC or Agreement State hcensed disposal agency or make arrangements to pro- of the daughter nuclide, Technetium Tc 99m. The column is enclosed in a
perly ship them back to New England Nuclear. In Canada contact the Atomic Energy lead shield; the shield and other components are sealed in a cylindrical plastic

oper$ispoial
n Australia, contact younespective State Health Authonty i

th ds. container with a built-in handle. Built into the top surface are two recessed
I

Spent generators may be returned to NEN collect via ground transportation only. Full wells marked CHARGE and COLLECT. Needles protruding from these
return instructions are provided regularly with generator shipments and are available on two wells accommodate supplied sterile cluting solvent vials and sterile cluate,

request. collection vials. The cluting solvent consists of0.9% sodium chloride solution.
This generator is licensed for use by persons licensed by the U.S. Nuclear Regulatory prepacked into septum-scaled vials.

d 35J 00 Group m of 10 W 35 or under
u va ent I censes g ent t tes The cluate collection vial is evacuated. sterile and nonryrogenic. A sterile

0.2 micron bactenological filter is incorporated between the column outlet
and the collection vials. During and subsequent to clution, the cluate col-Catalog Number NRP-196F
lection vial should be kept in the supplied lead shield. The saline charge sial
is vented during clution by means of a h30p containing a sterile plug. NEN's
generator is shipped with sterile seat vials over both the cluting and charge
needles. The sterile seal vial over the clute needle contains a bacteriostat, and-

Marketed by should be aseptically replaced immediately following each clution.

h New England Nuclear FEATURES.

Medical Diagnostics Division Convenience
eat Tretse cove Rd . North 0,Herica. MA 01862 NEN's Technetium Tc 99m generator is shipped ready for use. There is no
CALL TOLL-FREE 800-225-1572 Teler 94C996 aSSeEnbly required. Remove generator from shipping carton by handle. Re
on Massachusetts and International 617-482-9595) move shrink-fit, peel-ofTtop. Deposit generator into supplemental lead shield.

Los Angeies: NEN West.172IO Soum Gramercy Ptace. Gedena, Cahforma 90247 Tet 213 321-3311 .
*

canada: NEN Canada.24s3 46m Aenue.Lachene.oue H87 3C9 Tet 51445364971 Start clution. Elution is a simple two-step operation: aseptically insert a saline
Europe: NEN ChermcalsGmbH Postfach 401240,6072 Dreieich.W Germany. Tet 106 t03)85034 orderEntry 40610318to13

s

511389 Pnnted in U.S A.

i
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charge vial; aseptically insert a shielded cluate collection vial. Elution pro- 10. Invert the shielded collection vial several times to insure thorough mixing.

ceeds to completion without further manipulation. II. Attach one of the supplied pressure sensitive radioactivity labels to the
clution shield containing the filled cluate collection vial.

Quality Control
Each generator is cluted subsequent to manufacture, and the cluate is ASS AY IN STRUCTIONS FORTHE TECHNETIUM
submitted to tests for sterility. non-pyrogenicity. hfolybdenum hio 99 break- Tc 99m GENERATOR ELUATE
through, alumina breakthrough and flow characteristics. Routine testing for The Technetium Tc 99m Generator Eluate may be assa3 cd by using an ioni-

aluminum ion, radionuclidic impurities other than Molybdenum Mo 99 and ution chamber dose calibrator. The manufacturer's instructions for operation
of the dose calibrator should be followed for measurement of Technetiumpil is also conducted.
Tc 99m activity in the generator efuate.

Radiation Safety
All units have a minimum of 38mm,1.5 inches (~6 halfealue layers) of lead ELUTION DATA AND DECAY CORRECTIONS
surrounding the activity. The elution vial shield has a wall thickness of Molybdenum Mo 99 has a half-life of 66.0 hours. This means that only 78%
7.9mm,0.31 inches, and reduces transmitted Technetium Tc 99m radiation of the activity remains after 24 hours: 60% (0.78 X 0.78) remains after 48

hours, etc. Since the Molybdenum Mo 99 is constantly decaying to freshessentia!!y to zero.
Technetium Tc 99m, it is possible to elute the generator at any time. (See

NOTE: Because the generator is well contained and essentially dry, there section on Rationale and Chart A; also see Product Information for more
is little likelihood of contamination due to damage in transit. The most 0''*I''0 0*'^*)
probable source ofleakage resultingfrom damage in transit is the non-
radioactive saline charge rial. Chart A. Molybdenum Mo 99 DECAY CIIART

Italf-life 66.0 ifours
ELUTION INSTRUCTIONS -TOTAL ELUTION METHOD
1. Remove top of generator container by pulling plastic tab. Fraction Fraction

Days Remaining Days Remaining
2. Perform all subsequent operations aseptically.
3. Remove needle seal from saline charge well. 0 1.00 8 0.13

1 0.78 9 0.10
4. Remove flip-ofTscal and swab septum of saline charge vial with a bacteri.

2 0.60 10 0 08
cide (such as 70% alcohol) and insert the vial into charge well. Vial should

3 0.47 11 0.06
be firmly inserted to assure puncture of septum. 4 0.36 12 0.05

5. Open elution shield base and insert an cluate collection vial from which 5 0
the flip-off seal has been removed. Screw base back on securely. Swab 0j

,
0

the exposed vial septum with a bactencide. 7 0.17
6. Remove needle seal from collect well.
7. Insert shielded cluate collection vialin collect well. Elution should com-

Since Technetium Tc 99m has a half-life of only 6.02 hours,it is necessary

mence within 30 seconds and can be visually checked by the appearance to correct for the radioactive decay ofeluted solution ifit is not used promptly

of bubbles in the saline charge vial.** af:cr assay. Chart B gives the fraction actisity remaining for a 12-hour period
following assay.

** Note: It bubbles do not appear in the salme charge vial within 30 seconds.cither one of the
vials has not been properly placed on its needle or the cluate collection nal has no vacuum. Chart B. TECilNETIUM Tc 99m DECAY CilART
Remose the cluate collectnin vial to present vacuum loss; then remose and reinsert the charge IIalf-life 6.02 Ilours
vial. Reinsert the cluate collecuon nal and if clution does not commence.use a second shicided
collecuon vial

~ ~ ~

Fraction Fraction
8. To assure proper yield and functioning, elution must proceed to completien llours Remaining flours Remaining

as evidence by emptying of the charge vial. Allow generator to elute for
as least 3 minutes after the charge vial has been drained, or for a total 0* 1.000 7 0.447

1 0.891 8 0.398
of 6 minutes.

1 0.794 9 0355
Note: iffor any reason the eluate collection rialis removedpriorto com-

3 0.708 10 0 316
plete elution, insert a second shielded vial to complete the elution. Failure 4 0 631 11 0.282
to obserre this procedure may result in a low yield on the subsequent

5 0.561 I2 0 251
generator elution. 6 0.501

9. After elution has been completed, remove shield containing the co!!cetion
vial. Using a bactericide, swab the septum of the needle seal vial contain- * Calibration Time

ing bacteriostat and reinsert over the elute needic. The saline charge vial
is sterile and should stay in place until the next elution, functioning as a
seal for the needle within the charge well.

5
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RADIOMETRIC MOLYBDENUM TEST PROCEDURE
This method is based on the fact that most of the Technetium Tc 99m radiation
can be readily shielded and only the more energetic gamma rays from Molyb-
denum Mo 99 (739 kev and 773 KcV) are counted in the 550-850 kev energy
range. A simulated Molybdenum Mo 99 source utilizing Cesium Cs 137
dissolved in hard plastic is supplied in the geometry of the Technetium Tc 99m
Eluate Collection Vial. The entire cluate may be assayed for Molybdenum
Mo 99 activity as follows:

1. A New England Nuclear Cesium Cs 137 reference source which has
the same geometry as the generator cluate must be used to standardize
the well counter. *

2. Determine background after setting the window to the $50-850 kev
energy range.

3. Count the Technetium Tc 99m eluate in its lead shield (thereby shield- *

ing out Technetium Tc 99m) by placing over the well or probe.
4. Count the Cs 137 reference source (in the same geometry)in the same

shield geometry for the same time period.
5. Compute Molybdenum Mo 99 activity in the cluate as follows:

pCi Molybdenum ,, pCi simulated Mo 99 X net cpm Eluate
Mo 99 (total) net epm simulated Mo 99 reference source

Divide this number by the mci of Technetium Tc 99m. The U.S.
Pharmacopeia specifies a limit of 0.15pCi Molybdenum Mo 99 per mci
of Technetium Tc 99m at the time of administration to each patient.

CAUTION: New England Nuclear makes available two different Cesium
Cs 137 reference sources consisting of a known amount of activity contained
within a 5.8cc volume and 20cc volume. It is significant to the accuracy
of the Molybdenum Mo 99 determination that the Cesium Cs 137 source be
used which corresponds in volume to the cluant utilized to elute the generator.
The use of 5.8cc Cesium Cs 137 source to standardize the estimation of
Molybdenum Mo99in a 20ccetuate, forexample,willcause theestimate
to be approximately 30% low. This figure may vary depending upon the
accuracy of the instrumentation used for the assay.

COLORIMETRIC ALUMINUM ION TEST PROCEDURE
NEN offers an Aluminum Ion Indicator Kit (Catalog No. NRP-122) as an .

accessory to permit monitoring the aluminum ion in each cluate. It is based
on a colorimetric reaction performed on a paper strip impregnated with indi-
cator. A bottle of aluminum ion standard is included. Complete information

,

is available on request.
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