Elimination of Sodium-24 and Potassium-42 Interferences

in Activation Analysis of Biological Samples

Abstract. We have developed a simple novel column technique for the removal
of sodium-24 and potassium-42 based on a heterogeneous isotopic exchange reac-
tion between an organic eluting solution (acetone-hydrochloric acid) and fine crys-
tals of sodium chloride or potassium chloride or their analogs. The technique is
fast, efficient, and highly selective; it has been successfully applied to irradiated
human tissues prior to gamma-ray spectrometry with lithium-drifted germanium

detectors.

Because of their excellent resolving
power for gamma rays, lithium-drifted
germanium [Ge(Li)] detectors have
been used in instrumental activation
analysis for the simultaneous measure-
ment of the concentrations of many
elements in rocks (), pottery, paint-
ings, coins, atmospheric pollutants (2),
and, more recently, lunar samples (3).
The technique has been successfully
applied in the determination of a few
trace elements in biological tissues
(2); however, tissues are quite differ-
ent from other types of samples be-
cause of their high content of sodium
and potassium relative to the elements
normally studied by activation analysis.
Sodium and potassium are strongly ac-
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tivated under neutron irradiation to
produce very large amounts of 2Na
(half-life, 15 hours) and 42K (half-life,
12.8 hours). The intense radioactivity
produced by these species in most tis-
sue samples makes it impossible to ob-
serve other radioactive species with
half-lives between approximately 1
hour and a few days.

In order to observe the photopeaks
of trace elements in Ge(Li) spectra of
irradiated tissues, it is necessary to re-
duce the activity of 24Na and 42K by
at least a factor of 10¢ without losing
elements of interest. Such a require-
ment in decontamination is beyond the
capability of most conventional proce-
dures for chemical separation.
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Fig. 1. Gamma-ray spectra of human lung tissue before and after removal of *Na and
#K. About 100 mg of the lyophilized tissue was irradiated for 3 hours at a thermal

neutron flux of 2.2 x 10® cm™ sec™
tector (volume, 20 cm®) and are presented

Spectra were measured with a Ge(Li) de-

as overlapping halves. Note the small resi-

dues of *Na and “K, even with the large decontamination (= 10°) among the many
peaks in the separated spectrum (SEP, single escape peak of annihilation radiation;

DEP, double escape peak).
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Previous techniques for the removal
of sodium have included, for example,
ion exchange (4), precipitation with
reagents like a-methoxyphenylacetic
acid (5) or 6-benzaminoanthraquinone-
2-sulfonic acid (6), or crystallization
as sodium chloride in a hydrochloric
acid-butanol medium (7). All these
procedures suffer from poor specificity
and low decontamination factors. Be-
cause of the lack of success in efforts
to remove sodium, little has been done
to alleviate the concomitant problem
of potassium interference.

Girardi and Sabbioni (8) described
a technique for the selective removal of
radiosodium by retention on specially
prepared proprietary (9) hydrated an-
timony pentoxide (HAP) in highly acid
systems. At a lower acid concentration,
it is claimed that potassium is removed
as well. Various laboratories are pres-
ently evaluating this method for use
with activation analysis.

We have developed a column tech-
nique for the removal of radiosodium
which is simple, economical, versa-
tile, and rapid and avoids the neces-
sity of handling high concentrations of
corrosive acids as with the HAP meth-
od. It allows us to remove either 2¢Na
or 42K separately or both radioele-
ments simultaneously. Furthermore, the
principle of the method can also be
adapted for the isolation of other radio-
elements.

Our procedure combines the selectiv-
ity and speed of isotopic exchange with
the efficiency of column elution. Iso-
topic exchange, with its atom-for-atom
transfer of the same element, is in-
herently a more selective technique
than others. Since the reaction occurs
mainly on surfaces, interferences due
to occlusion and coprecipitation of oth-
er jons are minimized. The organic
cluate permits the use of water-soluble
compounds.

Briefly, the procedure consists of
combining a small volume of the aque-
ous sample with a much larger volume
of organic solvent and passing the mix-
ture through a column of an inorganic
salt containing an ion in common with
the radioelement to be removed. The
radioelement is retained on the column
while practically all other components
are eluted.

For the removal of 2¢Na, the steps
are as follows: In order to prepare the
column, dried, powdered NaCl (reagent
grade, granular) (10), sifted to obtain
the desired crystal sizes, is slurried with
acetone, and an appropriate amount of
the suspension is introduced into the

SCIENCE, VOL. 167



column as in the packing of a conven-
tional column of ion-exchange resin
(11). The crystals to be used for the
columns are dried in an oven at 110°C
for at least 3 hours before being
ground. After sifting, the desired frac-
tions are stored in desiccators until
ready for use. Powdered NaCl that has
been exposed to the atmosphere for
many days gives lower decontamination
than freshly dried material. The eluate
is prepared by mixing a 1-ml aqueous
solution of the sample with 9 ml of
acetone and five to ten drops of concen-
trated HCl (/2). The HCI helps to
prevent other elements from being re-
tained in the column. The eluate (10
ml) is introduced into the column with
a capillary Pasteur pipette. Approxi-
mately 20 ml of acetone are used for
washing the column (73).

The separation of #2K is similarly
achieved with KCl used in place of
NaCl. By packing KCl on top of
NaCl (or the reverse) in the same col-
umn, both 42K and 2*Na can be re-
moved from the sample in one single
elution. No detectable amounts of 42K
or 2¢Na are picked up from the col-
umn by further washing with acetone.

Isotopic exchange of 38Cl (half-life,
37 minutes) also occurs in the column.
although to a lesser extent than for
either 42K or 2¢Na, probably because
of the holdback effect of the HCI. Since
most samples containing sodium also
contain chlorine at concentrations that
interfere seriously with the detection
of trace elements when samples are
counted shortly after irradiation, the
capability of the technique to remove
38Cl is an added advantage and can be
exploited further.

We determined whether elements
other than sodium would be retained
on the column by eluting through the
column a mixed tracer solution of
18 radioelements: 46Sc, 51Cr, 3%iMn,
59Fe, 60Co, 65Zn, 75Se, 83Sr, 109Cd,
llOmAg, 113Sn, 124Sb, 133Ba, IZHCS’
144Ce, 155Eu, 182Ta, and 203Hg. The
eluting solution was prepared by mix-
ing 1 ml of the mixed tracer (digested
with unirradiated, lyophilized tissues in
HNO,; and HCIO, as described below),
9 ml of acetone, and five drops of con-
centrated HCI. The Ge (Li) spectra of
both the column and eluant were com-
pared with the spectrum of the mixed
tracer solution. The only elements of
the mixed tracer solution that were re-
tained on the NaCl column are Sc, Mn,
Sr, Ag, Ba, and Ta. Except for tan-
talum, which appeared to be quantita-
tively retained (as it is also on HAP),
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the other five elements are fractionated
between the column and the eluant to
varying extents.

As an example of the effectiveness of
our procedure, Fig. 1 shows Ge(Li)
spectra of an irradiated sample of hu-
man lung tissue before and after the
removal of 2{Na and %2K. The top
spectrum represents a 0.5-ml portion
of the 10-ml eluate before separation,
and the lower spectrum represents the
remainder of the sample after the sep-
aration. The irradiated sample of lyo-
philized tissue was digested by boiling
it in a mixture of 7 ml of concentrated
HNO; and 3 ml of concentrated HCIO,
until the volume of the solution was re-
duced to approximately 1 ml. For this
sample, the eluate was prepared by
mixing the concentrated tissue solu-
tion with 7 ml of acetone, 2 ml of hex-
one (methyl isobutyl ketone), and ten
drops of concentrated HCl (74). The
eluate was passed once through a glass
column in which 10 cm of KCI was
packed on top of 10 cm of NaCl (230-
to 325-mesh crystals) and then through
another 10 cm of NaCl. The decon-

tamination factor for 24¢Na is estimated
as = 108. Over 40 photopeaks are visi-
ble in the spectrum, and of these we
have identified 18 nuclides, excluding
background activities of 4°K and 208TI.

The distribution of activities on the
salt column after the sample had been
eluted was determined from autoradio-
graphs made by wrapping film around
the column and exposing it to the radi-
ation for an appropriate period. Figure
2 shows a typical autoradiograph and
its densitometric tracing of a tandem
column of KCI on NaCl through which
a sample prepared from irradiated hu-
man lung tissue had been eluted. It is
apparent from the autoradiographs that
42K and 2*Na are well separated on the
column, the former being retained in
the KCI section and the latter in the
NaCl section. Furthermore, the activi-
ties are preferentially accumulated in
the top portion of the corresponding
salt sections. However, 42K is removed
completely with a sharp trailing edge,
whereas 2tNa is distributed farther

down the column, resulting in some
breakthrough. This discrepancy is pres-
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Fig. 2. Autoradiograph and its densitometric tracing of activities removed from the
eluate by a tandem column of KCI1 packed on top of NaCl. The eluate was obtained
from ~ 100 mg of dry lung tissue (different from the sample for Fig. 1) irradiated at
a thermal neutron flux of 2.2 X 10*® cm™ sec™ for 3 hours. No Screen Medical x-ray
film (Eastman Kodak) covered with aluminum foil was wrapped around the column
with tape, aligned so that the bottom of film and the column coincided, and exposed for
1.5 hours. The arrows indicate the physical boundaries of the salts in the column and
do not coincide with the exposed edges because of resolution effects. Even though the
interaction with the film is caused mainly by beta rays for *K and by beta and gamma
rays for *Na, the resolution for the two is nearly the same as shown by the similar

leading edges.
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ently attributed to surface effects rather
than to the total K and Na or 42K and
24¢Na contents of the sample.

A good elution flow rate through
the column is about 1 ml per minute.
If we include the time for both diges-
tion and elution, the fastest separation
we have achieved thus far is approxi-
mately 1 hour, and it is possible to
reduce this time further.

We are applying this procedure in
our studies of trace elements in nor-
mal and diseased human tissues. We
have also demonstrated its usefulness
in the study of contaminants in reactor
cooling water and in investigations of
cyclotron-produced radionuclides, in
both of which cases copious quantities
of interfering 2¢Na are produced when
aluminum components or target wrap-
ping foils are subjected to fast neu-
tron bombardment.
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Magxillary Mycangium in the
Mountain Pine Beetle

Abstract. 4 mycangium containing
blue-stain fungi and yeasts is located
in the cardo of the maxilla of the
mountain pine bettle, Dendroctonus
ponderosae Hopk. Symbiosis between
one or more of the microorganisms
and the insect is indicated.

We report here a mycangium in the
maxilla of a scolytid beetle; we have
cultured blue-stain fungi from this
specialized structure. Mycangia have
been reported previously. Nunberg
speculated that special organs (now
called mycangia) in the ambrosia beetle
Trypodendron lineatum Oliv. = Xylo-
terus Oliv.,, were involved in fungus
transmission (7). Mycangia were sub-
sequently found in this and several
other ambrosia beetles and in some
bark beetles. The occurrence of my-
cangia, their distribution, and function
have recently been reviewed (I). Blue-
stain fungi colonize phloem and sap-
wood of trees successfully attacked by
bark beetles. Farris (2) reported evi-
dence of a mycangium in the pregular
region: of the mountain pine beetle.
We now describe the location, struc-
ture, and contents of this mycangium.

We obtained newly emerged beetles
from infested lodgepole pine Pinus con-
torta Dougl. var. latifolia Engelm., in
the East Kootenay region of British
Columbia. Insects not used immediate-
ly were stored individually up to 1
week at 4°C with pieces of lodgepole
pine phloem. Sagittal and transverse
sections and whole mounts of maxillae

were stained (3) for examination for
fungal material. To culture microor-
ganisms from mycangia, we separated
aseptically the cardines from the maxil-
lac that were extracted from recently
removed heads. The cardines were
placed in either sterile water on micro-
slides or in a petri plate of 2 percent
water agar or potato dextrose agar
with 0.02 percent yeast extract. Cul-
tures were kept in a moist chamber on
the laboratory bench and examined at
X450 at 12 hour intervals. Pure cul-
tures originating from mycangial open-
ings were obtained from hyphal tips or
spores. For scanning electron micros-
copy (4), unfixed whole maxillae were
mounted with egg albumen on a cover
glass affixed to a specimen stub with
high conductivity paint, coated with
approximately 100 A of carbon and
300 A of gold paladium at an angle of
45° from the point of evaporation, and
examined at a beam voltage of 3 kv.

Cultures from aseptic dissections of
the pregular region consistently showed
fungal growth arising toward the
proximal end of the cardines. The
mycangium was located during detailed
examination by light and scanning elec-

“tron microscopy (Fig. 1). It was pres-

ent in both cardines of both sexes of
this beetle and opened on the inner
surface slightly above the fossa be-
tween the muscle processes (5). The
position of the mycangium on the con-
torted cardo was readily seen under the
scanning electron microscope (Fig. 1).
This greatly facilitated examination
and comprehension of whole mounts
and sections of cardines viewed by
light microscopy (X100). A column
of hyphae and spores was seen fre-
quently extending from the mycangial
opening. One column was approximate-
ly as long as the cardo (about 175 pm).
Stained sections (Fig. 2) and whole
mounts of maxillae revealed a reticu-
late tube containing fungus material
in one of the two muscle processes of
the cardo. The structure of this mycan-
gium, and the peglike protrusions on
its inner surface as seen in Stereoscan
preparations, resemble those of several
species of Trypodendron (6).

The blue-stain fungi and yeasts that
occur in lodgepole pine attacked by the
mountain pine beetle (7) were cultured
from mycangia. Isolations were made
from one or the other mycangium of
32 unsexed insects. The fungi obtained
and the number of mycangia that pro-
duced them were: Ceratocystis montia
Rhumb., 5; Europhium clavigerum
Robinson and Davidson, 16; yeasts, 18
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