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ABSTRACT

A portable, lightweight monitor was developed to
measure plutonium in wounds., Two scintillation detectors
were designed for use with this instrument: one detects
17-kev X-rays from plutonium with a minimum detection
level of 0.3 nCi of 23°py under 1/4 inch of tissue; the
other detector is sensitive to alpha particles and 1s
used to lccate plutonium on the skin, in or near the
wound. Plug-in circuit cards facilitate repalr of the
monitor,
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INTRODUCTION

Quantitative measurements of plutonium in wounds are necessary
because therapy procedures are based on the amount of thls toxic
material present in the tissue, The plutonium wound monitor
previously used at Savannah River was not portable because of
bulky components and heavily shielded detectors. A portable
monitor was developed for easy transport to plant medical facill-
ties or off-plant sites.

SUMMARY

The portable plutonium wound monitor is light and compact.
Two detectors are used: The first, a Nal crystal, detects the
17-kev X-reys from plutonium, and can measure 0.3 nCi of #°°Pu
under 1/4% inch of tissue (background: 15 counts per minute). The
second detector is for locating plutonium-slpha contamination on
the skin, in or near the wound. It ccnsists of a light pipe with
a wedge-shaped tip sprayed with ZnS(Ag) and covered with two layers
of aluminized "Mylar."* This detector has an alpha detection
efficiency of approximately 10% [background: 5 counts per minute
(c/m)]. Tt can be sterilized before placing it against a wound.

The circults for the mcnitor are on transistorized plug-in
circuit cards to facilitate servicing, The monitor is powered
by self-contained batteries or 110-volt AC, requires no warmup
pericd, and is unaffected by normal temperature changes. Its
calibration remains constant over long periods.

DISCUSSION
WOUND MONITOR

The wound monitor (Fig. 1) weighs 1% 1b and measures
7 in. x 8 in, x 10 in. The circultry is contalned on six plug-in
circuit cards, for quick and easy repair. Silicon transistors
are used to minimize temperature-dependence between O and 125°F,

Four flashlight batteries are used for the portable power
source. The condition of the batteries can be determined with
the battery check position on the selector switch. The selector
gwitch alsoc has positions for three count ranges {¢-500, 0-5,000,
and 0-50,000 c/m) and for a register integrator for low count
rates. An audio output 1s also provided.

* Tpademark of Du Pont for polyester film,
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DETECTORS

The first detector (Fig. 1) ie designed to detect 17-kev
X-rays from plutonium embedded in wounds. Tt consists of a one-
inch-diameter photomultiplier tube, and a 1/16-inch-thick by
one-inch annular lead-band shield around & 40-mil-thick Nal
crystal with a 5-mil beryllium window, This shielding and the
single-channel analyzer circuit reject all photons except those
in the 17-kev reglon and reduce the packground Lo approximately
15 ¢/m, With this packground and & detection efficiency of 1%
for 17-kev X-rays, approximately 0.3 nci of 2%9Pu can be detected
under 1/4 inch of tissue. The single-channel analyzer "window"
can be adjusted to accept other photen energies.

The alpha—particle detector is & small scintillation counter
used to detect and locate pluteonium on the skin surface, in or
near a wound. The detector 1s & T/32—inch—diameter, one-inch-long
tucite!* light pipe coupled to & one-inch-diameter photomultiplier
tube. The 60 -t wedge-shaped tip of the pipe 1s sprayed with
10 mg/cm? of 7ns(Ag). The 1light pipe, except for the two ends,
is 1in a 1/4—inch—diameter stainless steel cylinder. A lighttight
covering 1s provided by two layers of 0.15-mil doubly aluminized
"yylar' around the light pipe. This covering can be easily
sterilized before placing it in contact with & wound and ig simple
to replace. Background of the detector is 5 c/m, and its
efficiency is approximately 10%.

FIG. 1 PLUTONIUM WOUND MONITOR wiTH DETECTORS

e
* Trademark of Du Pont for acryllc resin.



SHIELDED
COAXIAL
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ELECTRONIC CIRCUITRY

EMI one-inch-diameter
95248 photomultiplier (PM)
tubes, V; and V,, and the high
voltage-divider network, Rgg-Rsas
are contained in the two detach-
able probes (Fig. 2). Bypass
capacitors, Cyugs, Csss and Cus, in
the last two dynode stages of the
PM tube ensure peak currents from
gach scintillation which exceeds
the average dynode string current.

The preamplifilier plug-in
card (Fig. 3) contalns the
signal developing resistor R;,
emitter-follower Q1, and a
complementary-pailr amplifier
Qes Qz. Dy prevents burnout
of Q1 by high voltage transients
that are generated when the
instrument 1is being turned off.
The signal developed across the
potentiometer R,, used as the
"gain" control, is fed to Qa



ELECTRONIC CIRCUITRY
EMI cne-inch-diameter

PP, 9524B photomultiplier (PM)
7 tubes, V, and V,, and the high
"= SHIELOED voltage-divider network, Rgs~Rso.
coaAL are contained in the two detach~
able probes (Fig. 2). Bypass

capacitors, C4s, Cas, 80nd C4us, in
‘the last two dynode stages cf the
PM tube ensure peak currents from
each scintillation which exceeds

the average dynode string current.

The preamplifier plug-1n
card (Flg. 3) contains the
signal developing resistor Ri,
emltter-follower Q;, and a
complementary-palr amplifier
Qes Qg+ Di prevents burnout
of @, by high voltage transients
that are generated when the
instrument is belng turned off.
The signal developed across the
potentliometer R,, used as the
"gain" control, is fed to Qg
via Cp. Transistors Qe and Qg
are in a complementary ampli-
fier configuration containing i
a large amount of negative
feedback (provided by Rg) to
maintein a high degree of
stabllity. Galn of the comple-
mentary amplifier is approxi-
mately 50. The negative
polarity signals developed at
the eollectcor of Qg are coupled
out by Cs.

MAGNETIC SHIELD
PROBE HOUSING

Potentiometer Ry» (Fig. 3),
used only when the monltor 1s
switched in the "Alpha' detec-
tor mode, adjusts the output
signal smplitude of the pre-
amplifier to a level which will
FIG. 2 PHOTOMULTIPLIER TUBE CIRCUIT  allow the preset trigger level
of multivibrator Qi11Q1s tO
reject smaller gamma and elec-
tronic noise pulses.

V, 8V, PM TUBE NO. 95248 —
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The negative input signal to the single-channel analyzer
plug-in card (Fig. 4) is coupled simultaneously to two emitter-
followers, Q, and Qg, to provide isolation stages and to pre-
vent interference between the upper and lower gates. The negative
polarity signal is coupled from the emitter-follower Q4, to the
lower gate multivibrator QszQs. In the monostable multivibrator,
Qs 1s normally conducting and Qg is cut off. An incoming negative
pulse above the flxed trigger level of the multivibrator cuts off
conduction within Qg and cycles the monostable multivibrator.
Potentlometer Ris in the emltter of the emitter-follower Q, pro-
vides a means of adjusting the lower gate pulse height to the
desired level to trigger the multivibrator.

In the upper gate multivibrator, QgQio, Res in the emitter
of the emltter-follower Qg provides a means of adJusting the
upper gate pulse height to the desired level to trigger the
multivibrator.

If the amplitude of an incoming negative pulse 1ig sufficient
to cycle the lower gate multivibrator, QsQg, the negative pulse
developed at the collector cof Qg 1s coupled via Cio and Rpp and
developed across Rps., Potentiometer Rpg allows the negative
cutput pulses to be set at the desired amplitude for subsequent
circuits.

When the amplitude of the ilncoming negative pulse is
sufficient to simultaneously cycle the upper and lower gate multi-
vibrators, a negative pulse 1s developed at the collector of Qi
and is coupled to the base of the anticoincident gating transistor,
Q,. (This is an anticolncident gate similar to that used by
Reagan and Smith.(l)) The negative pulse to the base of Qr
biases the transistor into conduction, and the negative pulse
developed at the collector of Qg 18 effectively shorted to
ground, and no output pulse develops &CI'oss Rps. Dz 1s across
the input of the gating transistor, Q7, to ensure a uniform input,
and Ds 1s across the output to provide a uniform output level.

The negative output pulse from the gingle-channel analyzer
is sent to a count rate plug-in card (rig. 5) which contains a

1. J. B. Reagan and R. V. Smith. "Instrumentatlon for Space
Radiation Measurements, Part I." IEEE Trans. Nuel. Sci,

NS-10 (1), 172 (19€3).
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FIG. 4 SCHEMATIC OF SINGLE-CHANNEL ANALYZER CIRCUIT
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monostable multivibrator consisting of Qi;, @15, &nd a reglster
driver, Qig. The multivibrator §,;Q;, functlions slmilar to that
of the multivibrator QzQg. Potentiometer Rszg 1s used as a pulse
height discriminator control to allow the bias of Q;, to be
adjusted to a point that will reject the smaller pulses and
electronic noise. As & result of the multlvibrator Q;,Q;, belng
cycled for a scintillation pulse, a negative square wave voltage
pulse 1s drawn through the meter circult causing an up-scale
reading. The meter deflection per pulse 1s determined by the
value of the Q;- collector capacitor used to gate the multi-
vibrator. For higher counting rates, a smaller value capacltor
is used, reducing the conduction time of Q,, and, in turn,
reducing the scale deflection per scintillation pulse. Csyg and
Cpg SmcoOth out the @, voltage pulses and provide a uniform meter
deflection, Potentiometers R;,, Rys, and Ry, are used to
calibrate the rate meter scales. The reset switch S, discharges
Coy and Czg5 and allows the meter to be quilekly returned to zero
after a high meter reading.

In the register integrate position, a PNP silicon transistor
Q1a replaces the meter circult in the ccllector circult of Qi..
Conductlion of Q1- a5 & result of a scintillation pulse also blases
Qis into conducticn and cycles a Scdeco* register.

The high veoltage plug-in card (Fig. 6) contains & DC to DC

converter that develops 900 veolts for the BM tube dynode string
by a voltage doubler. Qi . 15 used 1n a blocking oscillator
circuit that oscillates at approximately 800 cycles per second
and draws approximately 15 ma. Potentiometer Rs, 18 used to
adjust the frequency of the oscillation and to provide the 900
volts across the 900-volt corona discharge tube, V. A second
“corona discharge tube, V., (Fig. 6), can be switched into the
output of the high voltage circuit to regulate the high voltage
.at 70O volts.

A positive pulse 1s produced across the common emitter
resistor R,g of Q,, and Q,, (see Fig. 5) for each cycling of the
multivibrator and is coupled to a complementary amplifier, Q;s
and ;5 (Fig. 7). The positive pulse is amplified in the comple-
mentary amplifier and i1s used to activate Q,- which is normally
blased off. @Q;s, which is 1n the collector circuit of Q;-, 1s
also bilasged into condution and produces a voltage pulse across a
3.2-chm speaker. The positive feedback circuit, Rgy and Csg to
the base of Q;;, produces a more sultable audible tone for each
ionizing event. '

* Société des Compteurs de Genéve, Geneva (Switzerland).
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The line-operated power supply (Fig. 8) consists of a full-
wave rectifier, D, Dg, and a series voltage regulator, Q;s, that
is referenced blased to 6.3 volts by the zener diode, Dg. The
switch 3, allows the monitor to be operated from the 110-volt AC
line or from the self-contained flashlight batteries,
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