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ABSTRACT

Eluates from irradiation and fission produced"g Tc generators
used in nuclear medicine applications were analyzed for possible trace

radionuclide and stable isotope impurities. The radionuclides 134Cs,

60Co, 1311, ggMo, gszb, 86Rb'and_losRu,'were detected and quantifatively _
measured. The samples were'élso anal&zed for stable impurities by
neutron activation analysis; only Br and Cu were detected due to large
interferences from the Na and Cl present in the normal saline elutingA
solution. Césium-134 eluted from the generator column, although present
in low activities, was broad scale contaminant detected in 49 of 50
samples analyzed in this work. Usiﬁg the Ge(Li) detection system, 60Co
was detected in most (eleéen of twelve) irradiation-produced generator
eluates analyzed but was absent in all fission-produced generator eluates
tested, thus, from this work, indicating the possible use of this radio-
‘nuclide as a tentative check of generator type. The<initia1 activities
ofiggMo in two commercial fission-produced generator eluates analyzed,
(16.04.+ .046 uCi/ml) and 10.59 * .030 uCi/ml), were in excess of

criteria for radionuclide contaminants established by the United States

Atomic Energy Commission.
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CHAPTER 1
INTRODUCTION

Technetium-99m is the daughter product of 99Mo by beta decay
. and has been used for a number of investigative purpdses by the nuclear :
mediciné community in the last ten years. The short half 1ife (6 hours)
coupled with the low energy photon (140 keV) emitted in this isomeric ‘
transition and the absence of concomitant B~ emission allows this‘raaio-
nﬁclide to be used for clinical investigations While producing only a
relatively small patient radiation dose,‘Technetium-QQm is eluted froﬁ
the generator with a physiological saline solution as the pertechnetate
ion (Tc04-) which is very similar to the iodide (I-)Aion insofar as bio-
logical transport mechanisms are concerned.l’2 It is rapidly distributed
into the extracellular space ana is trapped specifically by the thyroid
gland, salivary glénds, and thevstomach."it does mot cross the blood-
brain barrier appreciably, and this together with its favorable radio-
~ logical préperties makes it very useful aiso for brain scanning.
Technetium—QQﬁ in the sulphur colliod form is femqve&.from the
blood by the reticulOendothelial.system, thus permitting scanning of the
bone marrow;'liver and .spleen. - Placental imaging is aiso acéomplished

99 _HSAY, or 2 Tre

by either labeled gngc human serium albumin, (
“eluate directly. Kidney imaging has been-accompliéhed by using gngc

- labeled diethylenetriamine pentaacetic acid (DTPA), and preliminary work



2
has been done involving lung‘imaging with.ggmic labeled mécroﬁaggregated.
albumin (gsmTc-MAA). Eitended ekplanations of the medical uses of this
radionuclide are beyond the scope of this paper, but may be found in the
literature. |

Several papers:have'been published regarding the activity levels
of contaminants in'ggmfc eluates from both.irfadiatioﬁ (n,?) and fissionw
produced ggMo° In'1963, Weiss and'Hillmans, reported the prédoﬁinant -

1 321;

contaminants of fission produced gngq generators to be 32-Te and L

Smith4, in 1964 using fission produced gngq generators, reported 99Mo,
103 131

Ru,‘and I in eluates with respecfivé typical activities of .Osﬁéi,:
.003uCi and .OOOZﬁCi per millicurie of gngc at the time of elution. In.
1969 Crosbys, using irradiation produced 9ngc generators in the per-
fecﬁnetate (gch04) form and a 2" i 2" NaI(T1) defectibn system With a
400 channel analyzer, determined 186Re contamination with typical levels
of .1% of the total administered dose to the patient. |

In 1971 Wood and Bowen6, using- generators produced by an un-
specified process and using a 2" x 2" NaI(Tl) detection system with a
400 channel analyzer, qualitatively determined 952r and 124Sb from one
distribﬁtor's eluates. Mulier and Steinnes7, in 1971, using generators
from five European distributors and a 20 cm3 Ge(Li) detector with a 2000

- channel analyzer detected "small" amounts of,6OCo, 86Rb, llomAg;v?31I,

1313a,f134Cs, and 239Np in at least one of the eluates analyzed. Using
flame spectroscopy for aluminum determination in solution and neutfon

activation analysis for particulate filter trapped aluminum, Muller and

-Steinnes7 also reported between < .5 ppm and 92 ppm Al in solution, and



between < .10 pph and 3.8 ppm Al in the filter fér these same eiuates.
General Electric, the commercial manufacturer of*irradiatioﬁ produced
99Mo in the United States, supplied a list qf’radionuclide contaminants
in 99Mo Target Lot Number 15, which as of January'1973,'wa5'the current
lot iﬁ use8. The results of their analysis.are presented in Table 1.
-'Aronsong, listed the contaminants found in General Electric Targét Lﬁt
Number 6. (Table 1I). Lewislo, in 1971, described details of the
separation and purification of fission produced 99Mo. Also presented
was an assay of a typical ggMb preparation, shown in Téble ITI. In 1971
Webber, Cragin, and Viéteryll, determined aluminum coﬁcentrationéinzfivé,
distributor's eluates using the aluminon colorimetric procedure, and
repofted between < .2 ppm and 44.8 ppm Al in the eluates analyzed.

In 1971 Palmer, Hall ana Tysoh;z, determined aluminum concen--
trations.in eluates from 65 gngq generators, and reported between
L0510Ci/nCi 9™ c and 40.69 1Ci/mCi “™c at the time of eluation.

vThe purpose of this study was to analyze both irradiation and
- fission produced 9ngc'generat_or eluates, and quantitatively to determine
.when possible fhe activity of radionuclide and stéble-isotope contam-
inénts present in these samples. An attempt was-also made. to correlaﬁe

the data to determine the method of production of,gngq geﬁétators

resulting in eluates containing the lowest impurity levels.



Table I Radiopurity Analysis of General Electric Lot Number 15
Four Days After Removal of Target from Reactor.®

- 99

Isotope Assay(mCi/ml1) ‘ % Isotope/ggMo

Mo 2 e
920y, . 1.1 - .37
187y .22 ~.007
9\b 02 .007
Sopp | 016 005
124, .005 - .002
1340 : ©.004 : ' .001
852n .0003 | .0001
60co I .00008 | .00003
18%e .0002 .00008
186

Re ,0009 | .~ ,00035




‘Table II Contaminants in General Electric Target Lot Number_6.9

Isotope Assay(mC;)mi)'
Nb-92m ' 1.5

Nb-95 .02
W-187 | .05
Cs-134 | .002
Sb-124 ,003
Rb-86 ' -004
Zn-65 o .0002

Co-60 .00007




Table III Typiéal Radiopurity Analysis of Union Carbide Fission
Molybdenum Lot. :

Isotope _ Assay(mCi/ml)
Mo | 200
131, o1
103, .0001
132pe 2..00014"
957, < .00022"
%y < .00002"

- *
gross alpha 1000 dpm/ml

in

%
detection limit .



CHAPTER 2

EQUIPMENT AND SUPPLIES

The_generatdrs employed in this study were manufactured in the
United States and used 99Mo producéd by two basic¢c methods. The first ”
method utilizes 99Mo produced by neutron irradiation of a moiybdenum
target via the (n,?):reaction. This " Mo is produced by General
Electric, Nuclear Energy Division, Vallecitos Nuclear Center-andsupplied
_in polybottles as sodium molydate to the four major commercial vendoré
of gngg generators in this country: Abbott, Mallinckrodt, New England
ANuclear (NEN), and Squibb. Thgse vendors then transfer the solution, -
after possible final processing,l(company proﬁerietary informétion), to
én alumina (A1203) column in which form ﬁhey are then marketed to the
nuclear médicine community. (At this time, oﬁly three of the four

vendors produce their own generators; Abbott uses columns produced by

Mallinckrodt);

‘Description of the Generator

Schematic representatlon of a commerical’ mTc generator is

‘ presented in Fig. 1. The entire system is packaged in_a small cylindrial.
.metal can, the contents being secured with polysfrene insefts.) The

A ~generator column is constructed of a molded plastlc column dependlnguPonr

manufacturing between 2'" and 4" long and between 1/2" and 1 1/2” in

dlametercontalnlng between 5 and 10 grams of Al 03, which has the Mo

2

adsorbed on it. A lead shield surrounds the column which is positioned

7



8-
upright in the container. _Typically an inverted vial containing sterile
physiological saline is first connected to the system via a dual hypo-
dermic needle at the top.of”the container. A similarly inverted empty
collection vial whose inside is under‘a partial'vacuﬁm is then éonnected
to the system by a hypodermic needle as shown in Fig. 1. The partia1 
vacuum in the collection vial causes.séline to flow to the column while .
air is being drawn thr&ugh_a particulate filter designed to eliminate
eXternal contamination of the solution. The solution flows through the

2

that is designed to remove particulate alumina (Al

column, elufing gngc from the Al 03, passes through a millipore filter
203).from the solutibn:
and is then drawn into the collection vial. By first removing the
collection vial, then the saline vial from the system, the elution is
stopped and the introduction of'air into the collection &ial ig avoided.
The.systéﬁ may then be stored for the next elution which follows the |
éamé procedure. |

| The other method for the production of 99Molinvolves its
separation from fhe fissioh products.of 235U, and is used by ﬁrimarly:in 
the United Stafes by Uhioﬁ Carbide,‘isotope Saleé Division. Details for
the processing and purification of fission-prédﬁced 99~Mo,a't Union
Carbide, as well as the method of placing the radiénucliae on an alumina

column for the user, are given by Lew_is_l-o°



Saline vial Collection vial
Millipore
filter
Top
Particulate
filter

Lead Generator
Shield

Al~0, Generator

Column

Bottom

Fig. 1 Schematic Representation of A ~“Tc Generator



. 10
The largest number of eluatés analyzed in this work were from

NEN, because their generators are obtained weekly by the Nuclear
_Mgdicine Division, Department of Radiology, University of Arizona. It
was very difficult to procure sampleé from certain distributors of gngé
generators due to reluctance of the suppliers and users to furnish
eluate samples or discarded generators. Sampies'from fiséioﬁ7pfoduced‘
,génerators were particﬁlarly difficult to procure as such generators
are not used extensively at this time by members of the nucléar-:

)

' medicine community in the state of Arizona.

Detection Systems

The Ge(Li) détéction system of the Department of Nuclear
Engineering was used for high resolution'speétrum analysis of ;amples
believedAto cpntain multiple radionuclides with gamma ray peaks of -
closely neighboring energies. A.aiagram of this detection system is
presented in Fig. 2. The Ge(Li) detector used had an active volume of
41 cms, and was manufactured by Nuclear Diodes (Model LGC 3.05-2.9).
 The preamplifier connected to the Ge(Li) deteétor was manufactured by
Nucleaf Diodes (Model 101A). The detecfor high voltage powef supply‘Waé
made in the Department of Nuclear Engineering electrical shop, and was
operated at —1600 volﬁs.‘ The main shépiﬂg amplifier and stretcher was
manufactured by Tennelec (Model 250A). The analog to digital converter
- was manufactured EyvNorthern Scientific (Model 623). The multichannel
analyzer capacity was provided by a 4069 éhannel analyzer manufactured
by Northern Scientific (Model 636). The computef interface used was

manufactured by Northern Scienfitic (Model 440). The on-line computer



High Voltage
Detegtor

Shield Z ~ J Jj

Preamplifier

Main
Shaping
Amplifier

Stretcher

Analog

t
DigEtal
Converter

Computer .
Multichannel

Analyzer

On-Line Mini-Computer

Teletype

Fig. 2 Ge (Li) Detection System

1



12

was maunfactured by Data General (Model Nova-lZOO);  Readout.was
provided by a Teletype unit. | |
The NaI(Tl) detector was part of a low level counting system13

for the determination of radionuclide in low quantities by a significant
reduction of the background of the system through special shielding |
precautions. The detection system, as shown in Fig. 3 utilized é

3" x 3" Harshaw NaI(Tl) detector crystal. The phofomultiplier fube

waé a ten stage, head-on type manufactured by RCA (Model 80543. A .03?"
~inch one-piece self-cpntained aluminum jaéket enclosed the crystal and:
' the photomultiplier tube. The preamplifier used by Nuclear Chicago

~ (Model 20701). The high voltage was‘supplied by a Fluke high voltage
power supply with é recommended operating voltage of +1100 volts for

the photomultipliér. Tﬁe delay line amplifier was manufactﬁred by Ortec
(Model 460). The remaining equipment in the system was identical to

that used in the Ge(Li) detection system, as previoﬁsly described.



Container

Nal (T1)
Crystal

Preamplifier

Delay Line
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Ana

Digital
Converter

Computer
Multichannel

Analyzer

Interface

On-Line Mini-Computer

Teletype

Fig. 3 Nal (T1l) Detection System

High Voltage
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CHAPTER 3

EXPERIMENTAL PROCEDURES .

, Simifar techniqnes were used wlth'the NaI(Tl) and Ge(Li) )
detection systems. Peak height analyses, aided byvan on-line mini-
computer, were also 1dentlcal w1th both systems 'Counting geometries
were approx1mated with both detectlon systems to match both the phy51ca1
shape of the calibration sources and the epat1a1 distance from the
sample to the center of the detector.

Because of the differences_in,sizerand shape between the detec- -
tion components.of the two:systems, standards and sampleé were analyzed-"
in a manner designed to ellmlnate major geometry variations as much as
- possible. With the NaI{(T1) detector the crystal and preampllfler formed
‘an upright cylinder with the bottom ofuthe vial perpendicular to the
axis‘of the detector, as shownvln}Figf'4A. Samples were placed on the
~top of the‘crystal and on the center of its surface. The eluate samples
were transferred to evacuated, cal1brated volume injection V1als, (6 ml
'and 25 ml), ‘and were counted 1n51de a 250 ml polypropylene beaker to
eliminate possible direct contamlnatlon of'the detector,',(A background
count of this beaker in position»Of the erystal later revealed that no
detectable amount of radioactive contanination Was'present ) One ml
samples were analyzed inside sealed 1 1/2 ml polyethylene vials and
p051t1oned on the NaI(Tl) crystal with the aid of a plex1g1ass holder
positioned in the same manner as standards, as-shown in Fig. 4B. .

14



Fig.

4

Nal (T1)

Standard and Sample Counting Configuration
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With the Ge(Li) detection system the axis of the detector was
: parallel to both the bottom-of the‘counting viai, and to the bottom'of..
the tip of the calibration standards, as Shown in Figs. 5A and 5B
respectively; Calibrated volumes of 6 ml aﬁd 25 ml were used for
ééunting‘and were placed atop a one-inch thick piece of fiberboard to
maintain the sample geometry. Calibrated standards were taped in place
at the éame height and position to simulate the spatial geometry of the
counting sample vials. .Background'analysis of the fiberboard holder
with the Ge(Lij.detection system revealed no detectable actiﬁity tranﬁ-
ferred from'thé vials to the counting environment. v |

The gngc genératgrs were elutea in the same manner as if the
eluates were to be used for human injéction, i.e., via standard pro-
'cedqres as recommended by the manufacturing using sterile physiological
saline (.9% NaCl). The generators were eluted with 20 ml of saline on
Monday, Tuesday, and Wedﬁesday. By Thﬁrsday, the fourth day of the five
day elution period, the column had been sufficiently depleted in
activity, aue to the 67 hour half life ofvthe pérent 99Mo to necessitate
'a‘revised elution procedure. This procedure consisted of eluting with
é 3 ﬁlvvolume of saline followed by-three»(S) 6 ml volumes of saline
each. The 3 ml eluate and the first of the 6 ml,éluates were discarded
Because of low 9ngc activity. The remaining two (2) 6 ml eluates were
‘then used for patient adminigtration. Thislsame procedure was also
followed for the Friday elution which was the fifth and final day ofvthe
-generatbfs use. Due to health physics considerations, ‘the'generatoi‘~

column was stored for at least sixty days before being discarded.



Fig. 5

Ge (Li)

Standard and Sample Counting Configuration

17
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‘ s s sosgs 99mT_
. The so-called "initial" activities of "7 Tc generators analyzed
varied between 50 mCi and 300 mCi. These generators are calibrated with

the stated "initial" activity for a Friday elution. Thus, because of
' 9

>

67 hour half 1ife of the 9 Mo the Monday elution may be 270% of the
.Ffiday elution, or up to 800 mCi in activity. Elution yields are
ty?ically 80%, i.e., if 300 mCi of gngc is present on the column, then

approiimately 240 mCi of gngc will bevpresent in the eluate.

Holding times‘of'atAleaszdne ﬁeek befbre analysis,werenécessafy-
because of the significant.analyzer dead time»introduced by high gngc
éctivity present in the eluates. Because of the‘duration of this |
hoiding,time, radionuclides with short half lives possibly piesent in
the sample might not have been detected at the time of>counting althqugh
present at the time of elution. Dilution of an aliguot of eluatebcould _
have been used as a method of reducing this factor and thus allowing the
possible detection of these radionuclides.

With both detection systems the appropriate counting facilities
were readied, samples or staﬁdérds were positioned in place,‘aﬁd the
systems'werefset to predetermined count time and activatéd for this
count time. Gamma ray spectfaJtaken from the multichannel analyzer.at
the'end of the count were reduced by an on—liné mini—computef in
preparation for further'calculétions°

The standards ﬁsed for computional purposes and for calibration
of the computer multichannel-analyzer;éystems were produced by: Baird
Atomic Inc. These standards were in hoiders mahufactured from'plexiglass

and had an overall length of five inches and a diameter of one-half inch.
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Theiactivé tip was positioned on the cénterlline of the standard holder
and located one-quarter inch from one end.

Each set of standards had been calibrated by the manufacturer
with the date of calibration and initial activity in microcuries
recorded. .These standards were positioned in front of the detectors to
approximate the center sample position as close as possibié.

The on—line»miﬁi—coﬁputer’was'uSed for initial calculations
througﬁout. Peak area, centroid, and resolution were all calculated
fhrough a computer routine ehtitled*"A Pxﬁ; devised and programmméd by
Mr. Roﬁert Arbaugh, éraduate student, Department of-Nuclear Engineeringsj
University of Arizoné. The "A PX" routine is a machiné language
program to reduce complex gamma ray.spectra derived from a Ge(Li)
detector and can also be used for NaI(T1) épectra analyses Wifh an
acceptable amount 6f introduced error. A bfief_ekplanation'of the déta
acqﬁisition'and reduction follows.

Characteristics of peaks were determined by one of éeveral
coﬁputer—stored.routines. The spectra obtained were displayed on the
cathode ray tube of the multichannel analyzer. The regions. of interest
of the spectra-were:intensified inltﬁe memory for beﬁter obséfvation
and marking for later compufer recognition. These intensified peaks
'wefe then transferred to the bn—line mini-computer for mathematical
~analysis. The "A PX" routine began computation by taking fivevchannels
on each side of a particular intensified péak, and calculating an;?*
average number of counts for theée channels, to be used as the average
background under the peak chahnel; The net'qounts obtained for each - -

channel was thus equal to the gross counts minus the backgréuﬁd counts.
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The centroid of the peak was calculated by summing the net
counts in each channel timeslthe channel number divided by the sum of
the nets counts. This procedure was carried out f§r each peak in the
intensified region, (points one to n), with the resqlts printed out as
the centroid of the peak by the teletypewriter.
| The areg-of a peak was calculated by taking the net counts,in
each channel and-sgmming over the peak channels, -(points oﬁe to n).
The area of each peak was.then printed out by the routine on the-feie-‘
 typewriter,
The full width at half maximum, or the resolution of thé peak
was determiﬁed by using sfandard gaussian equations; knowing the peak
| area and the peak height; The resolution'may be equated to the,afea
times thé square root of 7. divided by two divided by the’peak height;
This procedure was carried out fo: each.intensified peak,. with the.
‘results printéd out by the teletypewriter. -
| ‘An energy calibration table was stored in the compufer memory
and used to correlate centroid values to energy values by linear inter-
‘polation between points; thus Qith a calculated ;entroid,vaiue from the
"A PX" routine, -an equivaleﬂf peak energy was also_determined énd;

printed out by the teletypewriter.



CHAPTER 4 -
COMPUTATIONS

The energy and activity of an‘ﬁnknown fadionuclide were obtainéd
by comparison with caiibrated standards of known activity and gamma ray
energies using the "A PX" routine. Peak areas for each standard were
- determined and the activify of the standards at the timé of investigatidn
was calculated frém the initial activity and the elapsed time from cali-

bration to count by Eq. (4-1).

A= AT . ~ (4D

The symbols used in Eq. (4.1) have the following definitions:

A = the activity at the time of investigation;
A, = the initial activitiy at time, t = 0;
A = the decay constant, equal to .693/T1/2 where Tl/z'ls

the half life of the‘radionuclide;r‘

t

‘the time from calibration (t = 0) to count.

The product.of the activity of the standérd (A, Eq. (4g1j) and the
absolute intensity, (A.I.) which is defined as the number. of photons
emitted per 100 disintegrations 6f parent nuclide, of the gamma ray
under observation, gave the number of gammas of that energy emitted per
second. The efficiency of the éystem for a particular energy gamma ray - -
’was‘then_calculatéd by dividing the afeé obtained from the "A PX" com- |
-.‘putation by the calculatedvgamma activity. The results of the several

21
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standards were plotted as system efficiency versus gamma ray energy.
A separate efficiency caliﬁration was requifed for each detection
.system and counting configuration empldyed because of inherent differ-
ences in the detector efficienéy and counting geomefry of the Ge(Li) and
NaI(T1) systems; Typical efficiencies for the Ge(Li)'and NaIl(T1)
detectors are presented in Figs. 6.and 7 fespectively; (the counting
géometries employed‘in obtaining the data for these‘graphs are those
'shown in Figs. 4A and SA.

Knowing the sygtém efficiency for the particular gamma ray
energy in question; the specific activity of the radionuclide under -

investigation may then be calculated.

- C ' “.2)

A )
P MO Mm ) (37,000) -

count

The symbols used in Eq. (4.2) have the following definitions:

Asp = the specific activity (activity/cc) of the sample at
. the time of investigation, in uCi, equivélént fo A,

Eq. ,(4"1); |

C = the net‘sample coﬁnt;‘

v = the sampie volume, in ml.

A.I. = the absblute intensity of'a particular gamma ray

energy of a radionuclide;

n =  the system efficiency for a particular gamma ray
energy;‘

tcount = . total count time in seconds;

37,000 ‘= the conversion factor between dps and uCi;‘
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The initial specific activity of a radionuclide at the time of elution
was then calculated by substituting the va;ue of ASp detgrmined by
Eq. (4.2) into Eq. (4.1) as A and'calculating Ao. |
| - Some gamma ray peaks of interest also occured in the background

134Cs). In such instances, the net count, C, used in

'specfra, (i.e.,
Eq. (4.2) was the difference between the "A PX" computed net counts of
the two ;pectra. |

| In the event that a particular radionuclide peak'is not detected
iﬁéa sample spectrum, a method for the deférmination of a maximum
activity level possibly present without detection is necessary to allow
accurate quantitatiVe evaluations. The rélationship used herel4-to

determine the maximum activity level which might be present before
detection of the gamma ray peak is possible is

| m.a.l. = 20 /D
where b is the maximum background value of the spectrum where the peak
under investigation would lie if present. The value of b for this peak
was determined by plotting b versus centroid location for ekisting peaks
in the spectrum followed by linear interpolation to find the value of b
at the channel location of interest, with the location of the centroid
of the peak under investigation being determined from previous Ge(Li)

spectra where it was present.



CHAPTER 5

RESULTS

| Twenty-nlne, 1ml samples were obtained fnom 1rrad1at10n

prdduéed mTc generators from four distributors and analyzed w1th the
NaI(Tl)vdetectlon system for possible gamma ray.emlttlng contaminants.
- Samples eluted from eéch'generator were also compared on a -day-to-day
basis if possible to determine if elution number dependent relationships
existed for thg actinity of contaminants eluted from the generator.
Using the NaICTi) detection system, only 134Cs was found in these
samples; hnwgver analyzing a composite eluate from this group with the
Ge(Li) detection system also indicated the presence‘of 60Co in low
concentratiqns.  The_calnulation'of'134Cs activity levels using equations
and techniques previously discussed, gave the resu1ts reported in
Tanle,IV. Cesium-134 activities of theée eluates varied from .000013

uCi/ml to .0046 uCi/ml using both the .605 MeV peak -and .797 MeV peak
for analysis. 1In all tables presented in this chapter where there is
more than one samnlexrepreSented in each category‘the_sténdard deviafion
reported is.of the mean.

In four series of first and second day eIUatesifrom‘irradiation-r
produced genefators analyzed with thé NaI(T1l) detection system, 13Asz
éctivity increased on the second day of'tne five dayvseries in all four
cases. In four series of samples eluted from identical irradiation-

produced generators from the third to fifth day of the elution week,

26



Table IV Ce51um—134 (.605 MeV Peak and .797 MeV Peak) In1t1a1 Activities (nCi/ml) in Irradlatlon-'

Produced Commercial Technetlum 99m Generator Eluates with NaI(Tl) -Analysis.

Manufacturer (*)

Day 1 Elution(#) Day 2 Elution ~ Day 3 Elution Day 4 Elution Day 5 Elution .

Mean Activity Mean Activity Mean Activity Mean Activity Mean Activity
Abbott (1) nsa® nsa nsa 4.52 (1) .23 (D)
Mallinckrodt (1) .57 (1) .49 (1) nsa nsa .50 (1)
NEN (12) 1.09 + 1,36 (8) 1.46 * 1,33 (5)  1.25 (1) nsa . +95%.37(3)
Squibb (5) S 1.27 £ .81 (2) 2.28 % 2.24 (2) .34 (1) .27 £ ,055 (2) ‘nsa

(*)
(#)

total number of generators of each manufacturer analyzed
total number of samples of each distributor analyzed per day of elution

no samples analyzed for day of elution

'stéhdard deviations are expressed in nCi/ml

LT
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134Cs éctivity decreased from the initial eluaté to the final eluate in
three of the cases analyzed. These results are presented in bar_graph
form in Fig. 8 where 134Cs initial activity is plotted versus day of
week elution for samples taken from the same génerators of the four
distributors!

Twelve irradiation-produced generator éluates from thesé
generators and hiné-fiésion—produced_generatbf e1uates from two,distriri
butors were analyzed with the Ge(Li) detection system for gamma ray'
emitting radionuclide contaminants. Six radionuclides were detected in
irradiétion-produced generators eluates; and five radionuclides were
detected in commercial and non—commeréial fission-produced generators
eluates, as shown in Table V. When a particular radionuclides was absent
from a distributor's series of'sample spectra, maximum activity of
undetected levels were calculated as previously described and reported
in Table V.

Large 99Mo activity levels were detected in two of the‘four
cémmercial fissioﬁ—produced generator eluates, (16.04 ﬁCi/ml and 10.59
uCi/ml) for a Thursday and FridayA(4th day and th day) elution of the
same generatofs, as analyzed with the Ge(Li) detecfion system. -A
comparison of AEC limits15 of contaminants and makimum:detectéd levels
of contamiﬁants reported in this work of gngc genefation eluates are
. presented in Table VI. These can be compared by assuming an average
patient dose of 20 mCi 9g-mTc in 1.5 ml volume,

One series of samples eluted from an irradiation-produced

generator of five consecutive days was analyzed for gamma‘ray emitting

radionuclides using the Ge(Li) detection system, and is reported in
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Table V Mean Initial Activities.’ (nCi/ml) of'Radionuclides-ih.Irradiétion and Fission-Produced
Commercial and Non-Commercial Technetium-99m Generator Eluates with Ge(Li) Analysis.

.Manufacturer(*) | 134Cs(#) , 60Co+ 1311 ggMo.. gszb.. ; 86Rb 1OSRu
Mallinckrodt (3)  .029%.015(3)" .023.012(3) ~£.019(3) 2.42(3) £ .stts) $2.36(3) <£.020(3

NEN (6) o 2.98ii.76'(6‘) .028+,018(6) .073+.025(4) __<=. 867(6) < .76(6) - 1.30(1) .94i;'064(6)
Squiioia(n',y) (3) 1(07&(41(3) 12 023£,013(2) ;‘.030(3) | .38(1) < .0'70(3) ";1°14(3) ._016('1)'
Squibb (F) (4) = .013£.013(3)* <.039(4)  <.019(4) 13,310 < .035(4) £.45(4) .27£.25(3)
 Union Carbide(5) .070%.029(5)*  <.042(5) .83(1) 3.17(1) .14%.22(4) <.48(5) 1.16£,;7(5)

(*) total number of eluates of each distributor analyzed

“(#) total number of eluates of each distributor analyzed in‘Which radionuclide was present

é Calculated maximum activity possible
* . only .797 MeV peak used for analysis
+ only 1.332 MeV peak used for analysis
2 sténdard deviations ére.expressed in nCi/ml

0g



Table VI AEC Legal Limits** and Maximum Detected Levels of Contaminants Present in

Technetium-99m Generator Eluates Analyzed.

Mode of Criteria
Production
A.E.C.18
Fission Highest
Detected
99Mo ..
Activity or
Concentration
A.E.C18
Irradi-
ation Highest
" Detected
Mo ..
Activity or
Concentration

(this work)

Aluminum
10 ppm

£ eoIppm
20 ppm

£ .1 ppm

1311

.05pCi/mCi"mTc

.00083yCi /ml

.00011pCi /ml

99M0

5pCi (total

.or_.99m
lyC1?mC1 Tc

16.04yCi/ml

5yCi (total)

.or_.99m
lyC1?mC1 Tc

.00038yCi/ml

1°3RruyU

.0SyCi/

mCi"mTc

.00019
yCi/ml

00011
yCi/ml

Gross Gamma
Activity

.lyci/

mCi"™Tc

16.40
yCi/ml

.5yCi/
mCi%nlTc

.0040
yCi/ml



32
in Table VII. Of the five radionuclides detected in these eluates, all
but 60Co roughly followed a pattern of activity Versus»elution day.
Cesium-134 increased in activity in each consécutive sample, With 103Ru
following a similar pattern for the first four of five days. Rubidium—
86 decreased in activity below the detectable level after the first

eluate sample, and 131

I decreased in activity in the first four of five
samples analyiéd. o |

Although not currently intended for patient administratiqn,'
eluates from a ndn-commercial fission~produced generator were analyzed
for possible gamma ray emitting radionuclide coﬂfaminants; A series 6f
samples were eluted on five consecutivevdays from this generator and
analyZed with the Ge (Li) detection system, as reported in Table‘VfIIf -
The 99Mo used in this generator was supplied by UnionvCarbide, and
transferred to an alumina column by Mr. Jéck Hall of the Division of
Nuclear Mediciné, Department of Radiology,'University of Arizona.
Iodine-131 decreased below the deteétable level after the firsé eluaté
sémple,‘and gszb decreased in éctivity in thé second throﬁgh the fifth

4Csand ;OzRu increased in

samples, as shown in Table VIII. Both ;3
activity with the first through third eluate samﬁiés and decreased in

‘activity in the fourth and fifth samples.

Neutron Activation Aﬁalysis

Because of the reported pfesence of aluminum in gngc'generator-
eluates, the concern of its toxicity to the patiéht, and its possible

interference with labeled technetium compounds, the determination of



- Tablé VII' Initial‘Aétivities (uCi/mlj of'Radionuclides~in,Consecutive Irradiation-Produced
. Generator Eluates with Ge(Li) Analysis, New England Nuclear Lot No. 7312-3-57.

Elution Day of Week Cesium-134 Cobalt-60  Todine-131 Rubidium-86  Ruthenium-103
'Monday (H) .OOIQ .000039 .00011 ; .0013 _ .000018
Tuesday (1) .0016 .00016 .000074 nd* 000050
Wednesday (J) .0022 .000092 .000056 nd 000064
Thursday (K) .0030 .00016 nd nd .00013
.000057 000057

_Friday (L)

.0038

nd .00011

*

nd: not detected.

¢g



Table VIII Initial Activities (uCi/ml) of Radionuclides in Consecutive Fission-Produced -
Generator Eluates with Ge(Li) Analysis, Union Carbide Lot No. Non-Commercial.

Day of Elution

Cesiume134*._»Iodine—131,.,Molybdehum499.j.NiobiuvaZm

4-9-73 (A) .000050 .00083 nd” nd .00027
4-10-73 (B) .000067 nd .0032 .00047 .0011
4-12-73 (C) .00011 nd nd ©,000035 .0017
4-13-73 _CD) .000092 nd nd .000025 .0017
4-16-73 (E) 000035 nd nd .000016 .0011

thﬁ not detected

* 797 MeV peak uséd for analysis

vE
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this element via neutron activation analysis was undertaken with several
irradiation and ‘commercial fission-produced genérator eluates.

Eleven irradiation-produced generator eluates from four distri-
. butors, (two from Abbott, three from Mallinckrodt, four frbm NEN, and.
 two from Squibb), and one empty vial, (blank), were irradiated with a

12

neutron flux of approkimately 10 .n/cmz-sec‘for 120 seconds, held for

120 seconds, and counted with the Ge(Li) system for 128 seconds. - One
eluate from one distributor (NEN) was irradiated with the same flﬁx for’
10 minutes and counted for 128 seconds after a 120 second decay peried.

The radionuclides detected in these eluates and the blank were 24Na,

3801, 19O and 23Ne. Sodium-24 and 38Cl were produced by the (n,Y)

80, and 23Ne was produced by the (n,p) reaction with,zzNa.

‘reaction with 1
Absolute intensities, half lives and Y ray energy used in analysis-of
’the data in this paper~are presented in Table IX.

To observe ény radionuclideé that might be produced by‘a fast
neutron reaction, three eluates from one distributor (NEN) were then
irradiated in the Fast (neutron) Irradiation Facility (FIR) along with
an'empty vial, normal saline blank, énd distilled water blank. As in
the previous case, oniy 24Na, 38C1, 190, and 23Ne were detected ﬁsing'
the Ge(Li) systerﬁ° | | |

The eluate (21ml) from one distributor's irradiation produced
:generator (Squibb) was evapoiated on aluminum foil and together with an
‘aluminum foil blank, irradiated for 4-1/2 hours with a neutron fluk'of
approximately 1012n/cm2;sec. Both samples were analyzed after 11 days
~with the Ge(Li) system for possible rédionuclide contaminants. Bromine; '

82, 24Na, 6OCs and 134Cs were dettectéd on the evaporated aluminum foil



Table IX Absolute Intensities, Half Lives and y Ray Energies
of Detected Radionuclides.”

Radionculide AT T1/2 y Ray Energy (MeV)
134Cs .875 2.06yr .605
.988 2.06yr .797
60Co 1.000 5.2 yr 1.3325
1311 .790 8.03d .3645
99Mo .137 66 .7hr L7397
92mNb 1.000 10.1d .934
86Rb .088 18.7d 1.0788
103Ru .890 39.5d .497
66Cu .0895 5.10m 1.0392
23Ne .33 38.0s .439%*
24Na 1.000 15.0hr 1.3684
38C1 .470 37.3m 2.1676
190 .979 29.15 .1974
a8:_1', .835 35.3hr . 7765

All information on this line is from reference 17.
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sampie, but were absent from the blank. Sodium-24 was produced
predominantly by tﬁe (n,Yy) reaction with the sodium of the physiological
saline eluting soiution, while 134Cs and 60Co were eluted from the
geﬁerator column. Bromine-82 was produced froh the (n,Y)-reéction with
stable 81Br which was probably introduced into the eluate vial from the
generator column maﬁrix. | |

One ml samples from four commercial fission—generatsr (SqUibb)ﬂ
eluates and an empty vial, (blank), were sealed in polyethylene vials

1

and irradiated in a neutron flux of approximately 10 2n/cm2—sec, held

for 30 seconds, and counted for 128 seconds. The five radionuclides
detected in these eluates with the Ge(Li) system weré 24Na, 38Cl; 190,
23Ne and 66Cu; with the origin of the first four isofopes'being previ-
‘ously described. Copper-66 was detected and found to vary in three of
the four samples analyzed and was produced from the (n,Yy) reaction with
stable ®cu. ”

Although aluminum was not detected in any 6f the samples analyzed

by neutron activation analysis, the maximum concentration of this element.

possibly present was calculated to be < .1 ppm in all cases.

Statistical Counting Analysis

An attempt was made to estimate errors in the résults‘&ue to
statistical fluctuations in the‘coﬁntiﬁg data. The standard deviations
- of the net counts N used in Eq. (4.2) were calculated using the valid
aséﬁmption that all_raw counting data was Poisson distributed.l® Using
fhis assumptionrfhe sfandard deviations or errors in the data méyﬂbé

approximated as the square root of the number of counts. The error in
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N may then be obtaihed by standard propagation of error techniques.
Fof ekample, for an isolated péak as shown in Fig. 9 the net counts N
are given by

N =G - B - : o 6-1)

where G is the gross counts under the peak and B is the background

counts. The error in N (one standard deviation GN) is thus given by

s 3
v O T Y9 * 9
o = YCFE 5-2)

Althqugh N was_calculated using the "A PX'" routine only estimates of B

and hence G could be provided. B was appro&imated by

B =xb | (5-3)
Wheré
b = the "A PX" output for the number of baquround
éounts in the chammel with the maximum number of
net counfs, and was taken to be an approkimate
number of B counts per channel;
X = the channel width of the prak under énalyéis,

determined from the "A PX" program.
Using Eqs. (5-1), (5-2), and (5-3), we obtain

n .

¢ = /N*2X0 , ’ 3 (5=4)



Fig. 9 Isolated Gamma Ray Peak with "A PX" Analysis
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In those instances where sample peaks were interfered with by back-

~ground peaks

(5-5)

NN - Nsample f.Nbackground
% := ) Gi(saméiés>;'Gi(baquround) (5-6)
= Wy Z[Xcsf’csq “TorgP ok -7
A per cent statistical variation may then be_célculated by
YN = (GN/NN)‘ 100 | ' - (5-8)

where YN is the per cent statistical variation for variables previously

defined. Tabulated values of Y5 for the Ge(Li) peaks analyzed in this
work are presented in the Appendix.

When fadionuclides are present in a spectra that emit multiple

134

Y rays,,such as Cs, the standard deviation ofthe'corresponding peaks

’ : 2 2 2
(Y
o dp N7 \F, 4 T T N, (5-9)

is given by

where

Q
it

4 Ny + [ka b]1

Q
1t

R N2,+ [2 x b]2
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and

N.

o, = /N.+[2xb]‘.
j J J

N N

both o, and o, being given by Eq. (5-4)
-1 -2

The per cent statistical variation is then defined to be

Yor = Yp (100) ' o - (5-10)

where.GN is previously defined.
T

In those instances where multiple peaks of a radionuclide were

interferred with by background peaks

z 2 A é;' o ,
Y ;\/{({iN_l} + {?N_Z} R (i}.) ‘ (5-11)

N
T 1 N, N

where |

oNl _— v (Nl - N(bkg)l) + ‘2k[xb]1

UNé = v N, - N(bkg)Z) + 2[xb]2
and

6. =v N, =N 5+ 207,

N ( b (bkg)J) +2lx ]J
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The per cent statistical variation is then defined to be

Y, - _yT'(loO) o (5-12)

where op is previously defined.

" Gamma ray épectral interferences that could in£roduce errors
in the dctivity calculations in at least one of the radionuclides
present were identified in three cases. The first case involved the
interference of the 1.168 MeV peak of 134Cs (absolute intersity of
.0202)16‘in the calculafion of the 1.172 MeV peak of 60Co (absolute
intensity of 1.60)16. A routine to. substract the area of thé 1.168 MeV
134Cs péak from the total area of this detected peak was developed and
yielded the area of the 1.172 MeV 60Co peak, which then allowed the’
calculation of the 60CO activity in the sample. The area of the 1.168

MeV 134Cs peak'was calculated by deteimining the average activity of

134

‘the .605 MeV and .797 MeV 3 Cs peaks, and then by using Eq. (4-2) as

modified below to find the area under the full energy-peak.>

Area = (Cpeak(average)(\/)(A,I,)(n)(tc

ount) (375000)

The variables in this equation have been previously defined. The 1.168

MeV 134Cs peak area was then substracted from the total peak area; the

60Co peak. Cobalt-60 activity was

remaining area being the 1.172 MeV
then calculated by ﬁsing Eq. (4-2) for both the 1.172 MeV peak and the
interference free 1.332 MeV peak. These values could then be cbmpared

to obéervb the statistical variation between the calculated activities

of the two energy peaks..
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The second possible case of spectral interference involved the
.610 MeV peak of 103Ru (absolute intensity of .0555) 6 interfering with

o _ 16 - .
the .605 MeV peak of 134Cs (absolute intensity of .988) . This

interference would become a factor if the 103

Ru activity was much greater
than that of'the ;34C§‘presént,.as was true of the commercial and_non—'
commercial fissién-producéd generator eluates aﬁalyzed. Caléuiationr
of the 134Cs abtivity by using the .797 MeV peak following a 134Cs
background subtraction routine showed a mean ratio in five eluates of -
the .605 MeV peak activity to the .797 MéV peak activitf to be 1.06.

.“Apparently'the A PXM rdutine's straight line method ofisolating_
peaks frdm the backgrouﬁd continuum and the high resolution éf the-
Ge(Li) system lessened the effect of possible interference.

The third possible case of spectral interference involved the

.366 MeV peak of 9=9Mo (absolute intensity of ‘,0163)16 interferring with
the .3645 MeV peak of 131; {absolute'intensity—of ,790)16; 'fhe only
possible cases of this inteiference observed involved two commercial
fission generatbr eluates with high 99Mo activity. A very large 9gMo
activity present in the eluate will overshadoﬁ'the .3645 MeV peak of

1311 if the activity of this radionuclide is small. The largest initial

13}1 activity detected was approximately .00010 ﬁCi/ml, cbnsiderabiy;
smaller than the 99Mo activity in twb saﬁples in question, (16.04ﬁCi/m1

“and 10.59uCi/ml). A separatién of either iodine or molybdenum from the
eluaté»with the analysis,of this subseqdentgsolution, however, would. ..

allow- a radiochemical determination of possible 1311 present in the -

‘solution.
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Caiculation of initial activities can be impeded by large in—
accuracieé introduced froﬁ basic equations coupled with long hoiding
times for radionuclidés with short half lives. Such a possible error
should always be considered when evaluating aétivities of ra&ionﬁclides

with short half 1ives. 

Error Analysis

Because of the low activity levels 6f the radionuclides under
observation, several sources of errors were encountered in:additibn to
those related to the statistical natufe of radioactive decay. Due to -
the construction amd material of the low-level NaI(T1l) counting facility:'
fhere should be an absence of all cbhtaminants in the background
environment that would interfere with the speCtra\ofAthe radionuclides
analyzed. 'Utilizing counting times of up to 48 hours, the only-inter—
fering radionuclide that was detected in the background of the Ge(Li)

~ detection system was 134

Cs. Background subtraction routines.were
employed when analyzing samples with low 134Cs activity with the Ge(Li)
system to eliminate possible errors that wouid‘produce elevated count
rates. |

Some error was intrpduced because of the inability to match
standard-sample geometries exactly except on é repetitive_basis.r‘As
previously discussed, standards wefe placed before,tﬁe detectors in:a

manner to approximate as closely as possible the geometry of the samples

that would be counted.
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Errors introduced into the count time and sample spectrum by
vthe detection system Qere considered unlikely and minimal. Exact count
times were proﬁided after sach analysis by the multiéhannsl analyzer;
and except for severe electrical transients, the system was felatively
free from environmental effects ekcept for a day-night background |
variation which could be influeﬁéedlby factors such as fluorescent
lighting, traffic, electrical eqdipment opération and changing tempera- -
ture. Spectra obtained with the Ge(Li) system and outpdt with the "A PX"
routine that have been influenced by the preceding factors may ﬁave a
three to four KeV drift day to day from the same standards and cali-
bration tables. From observation, this energy calibration shift did not
cause a significant variation in the area of'repliéate spectra,r

The importance of eXperimentél errors introduced by geometrical,
instrumental and environmental variations can be evaluated frmnréﬁlicate
spectra of eluate samplés. Variations in areas of‘identicalipeaks in
these replicate spectra which are significantly greater than that
~ attributable to the statistical process ofﬂradioacti&e‘desa&'can be
considered to be experimental in natufe. Repldcate_speétra-of an eluate
sample that show>variations in the backgrouﬁd, B,‘aﬁd’aﬁ-eﬁergy cali- B
bration shift may be due to instrumental or envirohmenﬁal effests PreQiF
ously discussed. Errors due to geometrical‘effects=between replicate
spectra will produce varlatlons in the net count, N. o

The results of two eluates samples analyzed in repllcate are:

presented in Tables X and XI. Ruthenlum 103 produced almost 1dent1ca1

values of N and Yn‘in'the replicate count of sample 1,'The 1arge-percent



Table X Replicate Spectra Analysis of A Fission-Produced Generator Eluate.

Gamma Ray Energy
(MeV)

ai/Ni

N2

a2/N2

*AN (1+2)

YN Or YT

*Union Carbide (E),

134Cs

.605 .797
349.1975 211.2992

.2355 .2555
741.7975 281.7995

.7028 .1739
+112.4% +33.4%
Y (.605) = 25.7%
Y (.797) 30.9%

Count 1, 32768 Seconds,
Count 2, 32768 Seconds,

Fission-Produced

o

4/20/73
4/22/73

137Cs 60Co 92mNb
.6616 1.3325 .934
1539.099 55.7988
.8282
1493.999 23.7988
1.867
-2.9% -56.9%
¥YN(1) = SZ'M
YN (2) = 186.7%

Mo, Eluted 4/16/73,

5.0 ml

*

103Ru

.497

11392.38

0122

11217.38

0120

YN (1)

YN (2)



Table XI Replicate Spectra Analysis of An Irradiation-Produced Generator Eluate.

134Cs
Iql 428.5272 168.5386
V N .2046 .3427
DIZ 157.7988 175.7988
.4978 .2955
vV N
-63.2% +4.3%
~(1-2)
Y (.605) = 53.8%
YN or YT
Y (.797) = 45.3%
*Mallinckrodt(G) , Irradiation Produced
Count 1, 32768 Seconds, 4/28/73

Count 2, 32768 Seconds,

5/9/73

go

137Cs 60Co

1601.3086 119.9576

.2607

1527.2990 104.0002

.3062

-4.6% -13.3%

~NC1)

YN (2)

Mo, Eluted 2/12/73,

6.0

ml

AANb

103Ru
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: L U o2m ,
statistical variation in both counts of in sample 1 is to be

expected due to the low number of net counts in each peak. The large .

percentage variation in the net counts of the -.605 MeV 134

Cs peaks in

- sample 1 was due to improper peak boundaries entered into the computer
memory during the intensification routine. Cesium-137 contamination in
the counting enviroﬁment background produéed similar values of N in both
replicate spectra. |

It is appafent from Tables X and XI that geometrical,land
environmental effects were kept to a minimum, at least in those replicate
sample spectra analyzed, and the largest source éf variation was intrd—_.
duced by the statistical nature of the rédioactive decay process.

It is expected that large variations in samples fron\disfributor
to distributor and day to day sampling as compared to the statisticélr |
variation expected on the basis of counting statistics are attribﬁtable'
to generator to generator differences and variations in sampling beyond
the control of the experimental planning in this work.

Errors that affected the efficiency of the detectipn sysfems,
and that were introduced into the calculations indirectlywere considered.
' Geometrical variatioﬁs, as previously discuésed, yield errors in fhe
efficiency versus energy graph. This willlthen produce a direct error
in the determination of the sysfem's.efficiency,'és will the inaccuracy
of the correéponding graph.

Errors that were introduced into the calculatioﬁs werecoﬁsidered,

to be the most basic in nature and subject to the most direct evaluation.

Peak areas from the "A PX" routine may have had different resolutions
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due to incorrect intensification or significantly large dead times from:
high sample activity. Volume measurements of liquid eluates were con-
sidered accurate as calibrated syringes and volumetric pipets were used
thrqughout. Absolute intensities have been tabulated by several authors
but disagreements occur between these sources: One ekample of this

variation is the .797 MeV peak'of 134

'from ,87516 7

Cs with listed absolute intensities
to °991 . Errors encountered in the calibration of system

efficiency have been previously presented.



CHAPTER 6.
DISCUSSION

Eluate contamination was produced by two basic modes; radio-

nuclides transferred from the irradiation target or fissioned uranium

with the “Mo to the generator and those introduced by contamination of .

)

the elution .and counting environments. Seven radionuclide contaminants

were detected in the various eluate solutions analyzed (Tablé V). With

irradiation-produced generators, the presence of 60Co, 134Cs, ggMo,

92-mNb,q and 86Rbi11eluates was probably due to contamination of the;target'
material, as reported by‘the manufacturers.

Iodine-131 and 103Ru were detected in irradiation-produced
generétof eiuates, as well as in fission-Produced generator eluatés,

Iodine-131 may be produced by either a (n,Y).interaction with 130T

producing 131Te which undergoes beta decay to form 1311 or.by the fission

(<

reaction. Tellurium may be présent in the molybdenum target material
dué to its presence in molybdenum bearing ore. |

Todine-131 was detected in one'hoﬁhGOmmercial-fissioﬁ eiuafe'ﬂ
analyzed. Iodine-131 céntaﬁination of the targét héterial at the
ﬁrocessing center or at the distributor's generator'producfion center is
possible, as is contaﬁination df the sample at the site of elution.

Ruthenium-103 may be produced by both the (n,Y) interaction with_lozRu

(31.6% natural abundance) or the fission reaction with uranium.

50
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The Ge(Li) and NaI(T1) detection system as well as some
facilities at the Division of Nuclear Medicine, Department of Radiology,
“University of Arizona, were analyzed for 1311 contamination as this
radionuclidé was used in the latter for diagnostic patient incestigation.
,Baokground determinations were performed using the Ge(Li) system with no

1311 being detected. Evacuated vials, the same as used in eluate

tranéfer and spatially located in the same position to the 1311 sources - oi
as thé sample vials, were filled with physioiogical saline solution,

and analyzed for 131I contamination. The .3645 MeV peak of 131I nas not
detected in the background determinations. The makimum'oalculated 131I
present in the Ge(Li) system was .00013uCi,_(.OOOOZZnCi/ml for a 6 ml

- counting vial), approkimately 2-1/2 times greater than the lowest
detected 1311 activity in any irradiation-produced genorator'eluatej
‘tTable V).~ The source for tnis contamination was thus probably either '
the target material processing center or the distributof's generator
production center.

. Ruthenium-103 was detected in both irrodiation and fission
lproduced generator eluates. It was not used for diagnoétic,patient
investigation at the Division of Nuclear Medicine, Departmont~of
- Radiology, University of Arizona, nor was it produced.ofiused in the
“environment of the Ge(Li) or NaI(T1) counting facilitiés° ARuthenium—lQS
~ can be produced by both irradiation and fission reactions. Becauso of

its presence with other noble metals in molybdenum ore it is a possible

molybdenum target material contaminant.
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Niobium—92m was detected in non-commercial fission-produced
eluates But was absent from both commercial fiSsion—producea~e1uates and'
irradiation;produced eluates analyzed. Itvis not directly produced by
- the fission prdcess, but can be indirectly produced by an (n, 2n) |
‘reaction with 93Nb,_a stable_fission-produced'isotope and present in
100% abundanée in natural niobium. Using computer calculated fission .
,spectralg, in atoms per 100 atoms fissioned, for a one day thermal
: fission‘and‘§ne day cooling period, and for a 15 day thermal fission and

7 and 6.49 x 1077 atoms per

- one day cooling period, there are 6.70 i 107
100 atoms fission-produced;' The small fission yield for b coupléd
'with the undoubtedly gmall thermal cross section for the (n,2n) reaction .

indicateS'a.very low probability for the production of gszb by this
compound reaction. (This assumes that .there is no detectable quantity

of 93Nb present in the enriched (93%) 235U target material.) Niobium-93

might, however, be present in the aluminum alloyed with:thié target
material, allowing the (n, 2n) reactibn té proceed directly: a process
that is theoreticaliy possible. The presence of ggmNb_in.'the‘elua‘te '
solutions may also have been due to contamination in one of the two
processing stages of generator ?roduction previougly meptioned,

The presence of_ggMo in both irradiatiéﬁ and fiséioh—produced
generator eluates is understandable as this radionuclide is the parent

ngc; The activity of this radionuclide in the eluate

isotope of 9
solution was kept to a minimum by proper elution of the generatqrcolumh°
Cesium-134 was also detected in fission-produced generator -

- eluates. It may be produced directly by the fission process or by an

,(ﬁ;y) reaction with 133Cs which is also produced by the fission reactiofi.
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Using computer éalculated*fission spectralg, for a one day thermal
fission and one day cooling period, and for a fifteen day thermal

-4

fission and one day cooling period, there were 2.43 k 10 ° and 2.45 k'

10"4 atoms of 134Cs produced per 100 atoms fissioned. The production

of 133Cs by thermal fission would be 0.48 and 3.54 atoms per 100 atoms

fissioned respectively. -The 134Cs produced by both these reactions
would be sufficient to'account for its activity detected in both the
A irradistion and fission—produced éluateslanalyzed, and their conséquent'>
eluates. | | |

| The exact mechanism for the eldtion of some of the radionuclides .
detected in the samples analyzed are unknown. Due to the amphoter1C‘
nature of alumlna, anions are strongly adsorbed in an acid medlum and

citions are strongly adsorbed in a basic medlumzo.

Molybdenum -99 is
loaded on the column in the anionic form as the doubly charged molybdate
anion and gngc is eluted ffom the column as the singly charged per-
technetatelanion thus indicating the dse of an acid medium for coluﬁn
loading. Elution pH véiues are held Between 4.5 and 7.4,t6 decrease
bulk cation and anion desorption. The affinity of cations for the
adsorpfion medium~increases with charge density {(increased valence-with

constant ionic radius and decreased 1on1c radius w1th constant

valence). 21 Anions follow this same pattern, thus explanlng the elution

of 131i as IOE' along with mTc as Tédz in a near neutral pH medium.
Cations such as 134Cs * would also be'ekpected to desorb more readily
103, +4 | |

than ones such as Ru .
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Due to complicating factors such as initial columm preparatién,
i.e., batch loading or‘chomatographiC-band loading, no simple conclu-
sions can be made for the>desorptiqn of these cations from the coluﬁn;
More information would be needed regarding the method of sampie loading
on fhe'alﬁmiﬁa, the pH of the loading medium on the‘célumn, intermediate
' purification and preparétion procedures of the'ggMo solution by the
'distributor, and ‘preparation procedures of the alumina used in the column:
in order to be able to draw further conclusions: about the-desorétion of

these.ions from the colum.



CHAPTER 7
- CONCLUSIONS AND RECOMMENDATIONS

Cesidm;134 appeared to Ee a widespread qualitative contaminant
in both the irradiation and the fission-produced generator eluétes
analyzed; Although if'was not present at high activity levels, it was
found in all but one of the fifty samples analyzéd° This radionuélide»'
appeared to increase in act1v1ty in consecutive eluates taken from an
identical generator (a phenomena that is most 11ke1y related to its
adsorption properties to the alumina column). o

Ruthenium-103 was detected in eight of nine fission-produced
eluatgs analyzed and seven of twelve irradiation-produced eluates
analyzed. The presence of 103Ru in most of the irradiation-produéed
eluates analyzed necessitates review of the qualitative use of this
radionuclide in an eluate sample to indicate that the eluate origin
is from a fission-produced génerator° Quantitatively, the activity of
103Ru in fission-produced eluates apalyzed was greater than that in
irradiation-produced eluates - analyzed, but not so gignificantly'different
as to ailow the identification of the generator origin béséd on this
observation alone. At best, this method offers a tentative identifi-
cation and should not be used alone if accurate determination is
necessary.

Cobalt-60 wasldetécted in eleven of twelve eiuates analyzed‘from

irradiation-produced genefa%ors,'but was not detected in any eluates

55
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60Co

anélyzed from fission—produéed generators. -The low activity of
detected in the eluates analyzed would not present a héalth hazard for -
patiént administration. If these eluates were not a typical in_nature,
then the use of 60Co as a tentative origin tag for irradiation-produced
genératbrs is possible. It should be pointed out, however, that the
activities detected were small, and only long counting times coupled
with a high resolution detector system should be used with this method
if meaningful results are to be ekpected° |

Todine-131 was detected in four of twelve irradiation-produced
eluates analyzed and one of nine fission-produéed generator eluates
aﬁalyzed, The activity levels determined were low enough to be neglecfed
as a potential health hazard in these elugtes analyzed, but monitoring
of eluates fo? this radionuqlide should be continuously utilized. Long
holding times in some cases before counting coupled with the relatively
short half life of this isotope may have éllowed enough radioactivedecay
to occur so that any 1311 present would be below the detection limit
of the counting system émployed°

Rubidium-86 was detected in only one of twelve irradiation-
-produced:geﬁérator eluates.ahaiyzed and in one of the nine fission-
produced genérator eluates aﬁalyzed, indicating that this radionuqlide_
>ﬁas not a significant contaminant in the eluates analyzed in this work.
' Niobium-92m was not detected in any of the twelve irradiation
produced_generator eluates analyzed, or in any of the four commercial-

produced fission generator eluates analyzed, but.was detected in four of

the five non-commercial fission produced generator eluates analyzed.
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Because of its high energy gamma ray emission and short half life, the
administration of an eluate with high activitivies of this radioncﬁlide'
~ should be avoided.
V_Moiybdenum—99 was detected in one of twelve irradiation-produced
~ generator eluates analyéed, two of four commercial fission-produced
- generator eluates analyzed, and one of five non-commercial fission -
produced generator eluates_analyzed. Because of the short'half‘life’of. .
'rggMo and its'éssociatgd high energy beta particleé-and gamma raysfthis
radioﬁuclide is a health hazard in high activities dué to its large
—radiafion dose‘tb the pafient. A ma&imum of SﬂCi oflggMo at the time-of,
administration in the total injected eluate volume is permitted by the 
~United States Atomic Energy Commisionls, Two commercial fission-produced
~ generator eluates from the same generator had 99Mo activities signifi?
cantly greater than this maximum permissible level permitted by the
A.E.C. .  Any administration of such an eluate solutién to the patient
should be strictly avoided. Again; as in the case of 1311, a long
- holding time coupled with the short half life of this radiohuclidefbeforé
counting might have allowed eﬁough to decay and thus the 99Mo present
‘would be below the detection limit of the system gmploy¢d, |

. Using neutron activation analysis as a tool for_tﬁé'possible
activation and consequent detection of some stable trace'elementsvthat
might be present in the eluates, only bromine was’detected in 6ne of the
twelve irrédiation;produced generator eluates analyzed; and oniy copper |
;was detected in any (three of four) of the comme?ciél fission-produced -

~generator eluates analyzed. The detection of additional .stable nuclides
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present was hampered when using neutron activation analysis because of
.the large interferences introduced by the Saline eluting solution.

Contaminants in General Electric target material also séemed to
vary considerable between target lots.  Comparing .activity levels in
General Electric Target Lot Number 15 (TablerI) to those determined for
'Geﬁeral Electric Target Lot Number 6 (Table IT) éhoWs a considerable

.Quantitative difference for several radionuclides. These analyses
indicate not only the difference in the number of radionuclides piesent
>°in these target lots, but also in the activity of those radionuclides
‘present in both lots which it is“presﬁméd wduld be reflected in eluates
from generators produced from these lots of target material.

Results presented here contain inaccurracy due to procedures and
the random nature of radicactive decay processess in addition to the
much larger variations of eluate radionclide inaccuracies from lot-to-

~lot and generator-to-generator differences.r Any attempt to analyze
»eiuate solutions for soﬁe of the radiénuclides determined in this work
_with aninsensitive detection system should be d;scouraged to avoid iarge

~.'statiética1 uncertainties ’resﬁltingffrom»the'low total counts and "~
.;félativéiy large background dorrecfi¢n; 

An attempt was made in this study to accumulate data that would
iﬁdicate which of the two 99Tc generator production sources, irradiation
:orvfission, would produce eluates.léast contaminated by radionuclides
and stable.isotopes. Because-6f the reluctance of the users aﬁd distrib-
utor of the commercial fission-ﬁroducedbgenerator to provide samples
.for aﬁalysis in fhis work, the'pianned study of éluates of this origin

 was severely impeded. " Of the twelve irradiétions-produced eluates
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34Cs and 60Co were detected in the majority of these

analyzed, only 1
samples, and in the four commercial fisSionproduced eluates analyzed,
only 134Cs was detected in the majority of the‘samples analyzed. Stable
nuclide contamination determination was servely hindered by interference:
from activity induced in the saline used as the eluate but, was found

in one of the twelve irradiation-produced eluates analyzed, and -in three
of the four commercial fission-produced eluates analyzed, both havinglr-
oﬁly one stable nuclide defected instrumentally as a contaminant and
non-tokic in the low concentrétion‘preSent.

Eluates of commercial fiséion-produced generator origin analyzéd_
in this work contained fewer different radionuclides as'contaminants
than did samples of irradiation-produced generator origin eluates
analyzed, but the recommendations of one particular type of generator
from this data would not be possible without a more detailed systématic
investigation on a larger number of sampleé obtained on a programmed
basis from a larger number of generators. | .

- The large standafd deviations present in mUltip1e>sémp1es in
Tables IV and V are due to factors in addition to the statistics of
radioactive decay, geometrical and environmental effects; such as day to
.dayrvariatidns in the eluate compositions, generator t6 genérator,>1ot
to lot, and distributor to distributor'variations-in the generatof
'compositioné. Eluates supplied for anaiysis were on a random sample.
basis with little or no control over the'samples analyzed, In some
cases up to five samples were availéble from generator, in ofhers,

however, only one sample from a generator was available for: analysis.
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Samples eluted from generators of the same lot and diéfributor
but from different generators were unavailable for this work. To-anaiyze "
differences on a 1ot-to lot and day of week basis for future work a
schéduled elution program should bé employed. Three generétors from
.each of three different lots of the same distributor could be eluted on
a five day elution week basis, analyzed with results reported, thus
providing information on day of week and lot to lot differences. Three
additional generators of the same lot and distributor could also bé
eluted and analyzed in a similar manner, furnishing information on'déy
of week and generator to generator differences within a lot. If a
combined type of program was employed for génerators with bothAfission
and irradiation produced parent moiybdenum, then information.fegarding
day of week, generator to generator, and lot to lot differences‘couid.
be gathered to help establish a '"best type" bf'generator production

method.



- APPENDIX A

PER CENT STATISTICAL VARIATION

Table A-1. Per Cent Statistical Vatiation in Eluates Samples

without Background Interference.

32.3  23.3

Distributor 6OCo# 134Cs 1311 : 99Mo gszb 103Rﬁ o
‘Squibb A N 21.5+  -—e- ———- — 3.8
Squibb R O - ———- —
Squibb ———= . 34,5 — .29 ——in 22.6
Squibb S S S .28 -——-- i

" Union Carbide(A) ---- '18.2* 10.6 _——— ——— 4,1
Union Carbide(B) ---- 14.2 -——-- 11.6 3.9 '1.3 |
Union Carbide(C) ---- 8.1 ———- ——-- 50.1 .97
Union Carbide(D)  ---- 10.6 - ——- 60.6 .98
Union Carbide(E)  =-=-- 24,1  ---- ——-- ~82;8 - 1.2
Mallinckrodt®  60.9  68.4°  ---- I N I

Mallinckrodt(G)  26.1  30.9 - ccme oo e
Mallinckrodt | ' -_— ———— -——— _———

A all samples of
~® all samples of
# 1.332 MeV peak
*  ,605 MeV peak
+  .797 MeV peak
o .605 MeV peak

this distributor from fission-produced generators

this distributor from irradiation-produced generators

used for analysis

used for analysis of this series

used for analysis of this series

and .797 MeV peak used for analysis of this series
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Table A-2. Per Cent Statistical Variation of Spectral Peaks in

Eluate Samples with Background Interference.

Distributor® ©0cs’  S%est  ISlp %%y, %Opy, 103,
NEN 7.4 .26 . 2.6
NEN(H) 22,9 1.9 19.1  —-e-. 20.1  75.1
ONEN(D 5.4 1.2 15,6  coee eeee 131
NEN(J) | 9.3 1.2 25.7  ame= mm-em  16.5
NEN (K) 7.4 1.0 e 8.5
NEN(L) ;éog .90 31,0 mmm mee- 11,1
Squibb S 1.8 .
Squibb 32.5 ”1.7 e 3403 --m= 20,4
~ Squibb 22.5 1.3 cmmm e e emen

# 1.332 MeV peak used for analysis

*  ,605 MeV peak and .797 MeV peak used for analysis
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+ all samples in this section were from irradiation-produced generators
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