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Abstract

Mound Laboratory's Whole Body Counter was designed and
calibrated for the detection of 238Py in the lungs.

Quantitative measurements depend upon the detection of the 17
keV (average) x-ray associated with the decay of ?3®Pu. Because
the half-value Tayer for 17 keV x-rays in tissue is only 6-7 mm,
the effective thickness of the tissue overlaying the Tungs must be
accurately determined for proper interpretation of the counting
data.

The tissue thickness over the lungs is determined by ultrasonic
measurements over the second, third, and fourth rib in the manner
suggested by Ramsden, Peabody and Speight.

This paper presents a review of the instrumentation and tech-
nique used at Mound Laboratory to obtain the tissue thickness
measurement based on our experience in making these measurements on
more than 700 different persons.

Introduction

During the last several years, various ultrasonic instruments
have been used for determining human chestwall thickness. The
chestwall thickness is extremely important where low energy photons
are counted for lung burden assessments.,

Even though reproducibility of the chestwall measurement error
itself can be maintained at +5%, it can propagate very significant
errors in lung burden assessments. For the case of 2%®%Pu assess-
ments where 17 keV (average) photons are counted, an error of 6-7
mm would cause the final lung count to be misinterpreted by as much
as 100%. It is therefore necessary to maintain the best possible
" accuracy and precision in making chestwall tissue measurements for
lung deposition assessments,

This paper discusses the major problems of making chestwall
tissue measurements and the effect they have on making 238Py Tung
deposition assessments. The instrumentation and techniques used
at Mound Laboratory during the last four years are reviewed. A dis-
cussion of different methods of deriving the chestwalil thickness
that have been investigated is also included.

Calibration

The effect of the chestwall as an absorber when lung counting
for ?3°Pu must be considered during calibration. Mound Laboratory

*Mound Laboratgry is operated by Monsanto Research Corporation for
the U. S. Atomic Energy Commission under Contract No. AT-33-1-GEN-53.
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calibrates for lung counting‘using a Remab Hybrid phantom that has
known quantities of 2-8Pu distributed uniformly throughout the
phantom lungs.!? .

steak curve shown in Fig.

counting geometry to obtain the data in Fig.

For 238Py, the most prevalent photons available for counting

are the 17 keV (average) uranium L x-rays.
(13.6, 17.2, and 20.4 keV) are not attenuated by tissue at the same
rate and therefore give a transmission curve similar to the beef-

1.

The three 23*U L x-rays

Two 12.7 cm diam phoswich detectors were used in a "normal”

nificant geometry effects are included.

can be readily observed from the dotted lines in Fig. 1.

of 6 mm results in a transmission error of about 100%.

1, and thus the sig-

When the statistical errors that would normally be considered
in calibration procedures are disregarded, the error in relative
transmission caused by an error in the chestwall tissue thickness

An error
The chest-

wall effect on minimum detectable activity (30 greater than back-

ground) is shown in Fig. 2.

A typical subject with no exposure

and a counting rate of 7.5 counts/min for 4000 sec is used in the
example.
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function of chestwall thickness

Instrumentation

In 1968 the only known investigation into making chestwall
tissue measurements had been made by Ramsden et al.2 Since lung
counting of employes was to be routine, it was also desirable to
determine the chestwall tissue thickness rapidly and accurately.
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An ultrasonic sounding instrument was purchased from Hewlett
packard.®* Instruments of this type are used in the medical pro-
fession for brain and heart studies. The transducer (0.64 cm diam)
is electrically pulsed and produces an acoustic frequency of 2.5
MHz which is transmitted through a coupling medium into the subject
to be measured. The acoustic pulses are partially reflected at any
interface where the acoustic impedance changes. The reflected por-
tion of the pulse is then detected by the transducer and the time
delay from transmission is measured. This time difference is dis-
played on the horizonal axis of the cathode ray tube which is
calibrated in centimeters of tissue. The position of any acoustic
interface is a linear function of the velocity of sound in that
medium and is converted to a depth measurement from the crystal
transducer. The intensity of the reflected pulse is a function of
the depth and acoustic impedance mismatch and is displayed on the
vertical axis of the cathode ray tube. A typical trace on the
instrument is shown in Fig. 3.

This instrument has an adjustable distance marker that is
adjusted via a 10-turn potentiometer, and once it is aligned with
the echo of interest, it reads the distance from the transducer to
the interface producing the echo. This mode of operation is
commonly referred to as the "A-scan mode." A calibration block of
plastic is supplied with the instrument.

Methods and Procedures

Ultrasonic chestwall measurements were made on cadavers using
various approaches followed by sectioning of the chestwall and
physical measurements made with calipers.* Rather than measure
directly to the Tung interface between the ribs, it was advantageous
to use the tissue to rib interface since the intensity of the echo
was more sharply defined. However, to do this, additional rib
thickness must be added to the tissue thickness overlying the ribs.
After numerous rib thickness measurements on skeletons, this rib
thickness was found to range from 0.3 to 0.5 centimeters* depend-
ing on general bone structure of the skeleton.

An average thickness of the chestwall was found for the area
between the detectors and the lungs. The nine measured points are
located as shown in Fig. 4 and on the right side of the chest.

The photon attenuation is a function e~H* where u is about
1.15 cm=1 for tissue and x is the absorber thickness in centimeters.
Therefore, the average thickness is not a simple mean of several
measured thicknesses, but instead, is an "exponential average."
The true average thickness was found by measuring nine points to
the rib, averaging the values of e-1.15x | equating this average to
e-11sx , solving for x, and then adding the rib thickness.

Asymmetry between the right and Teft halves of the chestwall
thickness could not be defined within the precision of measurement.

A highly developed technique was necessary in order to align
the transducer to achieve a well defined structure as shown in
Fig. 3. The most obvious difficulties occur on subjects with
appreciable amounts of fatty or musclie tissue in the chest area.

A second method of measuring the chestwall thickness between
the ribs in the same chest area was also briefly investigated.
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Fig. 3 Ultrasonic display of chest- detectors shown in dotted
wall measurement lines.)

The same basic principles of measurement apply; however, the
cathode ray tube display is slightly different.

Results and Discussion

After more than 1,000 chestwall determinations had been made,
the possibility of discarding the procedure in Tieu of a prediction
method was investigated.

The average chestwall measurement for 741 different subjects
‘'was found to be 2.28 + 0.748 cm (20). Therefore, in the simplest
form, it is possible to use this value for all subjects but with
an extremely large resultant error in plutonium Jung assessments.
The error could be in excess of 100% at the 95% confidence limit
if this thickness is related back to Fig. 1.

Another prediction method used various physical body param-
eters, which can be quickly measured, to predict the chestwall
thickness as investigated by Ramsden et all? and Dean.® A stepwise
multiple regression analysis was used to investigate different
prediction equations for chestwall tissue thickness. The data used
were limited to 644 different subjects for which all physical
parameters were measured.

The stepwise multiple regression used is a statistical tech-
nique for analyzing a relationship between a dependent variable
(chestwall thickness-T) and a set of independent variables (see
Table I) in order of their importance. The criteria of importance
is based upon a reduction of the total variation in the dependent
variable. In each given step the independent variable most impor-
tant in this reduction is entered in the regression. Unless the
percentage of the total variation accounted for by an independent
variable was greater than 1%, the variable was eliminated.

The results of these analyses for three major groups of
independent variables are shown in Table I.

1008



wd €L7°0 = (°) s3ewi3sy o z01ag paepuesg

Y/LL00" 0- SA:\BV 6%22°C + 0696°0 = L :our] uorsseadey ¢ de3g Jo oyduexy
£Le o %69° 0 %E" 8% <o+wA=\3vn+m =1 A4 rA
¥82°0 19970 %8° €% MAE\3v£+m = I wAm\Bv 1

vV ‘10 ‘oM ‘09 .wﬁm\zv seTqetraep juspusadopuyl ‘¢

wo €/2°0
V800" 0- H/M 0889°0 + 88€8°0

() °3ewrlsy jo xoaay paepue3lg
L :92uTT uorssaaley ¢ de3ag jo a7dwexy

€L2°0 %69° 0 %T 8Y vo+(H/M)q+e = T v z
687°0 £L69°0 %1€y (H/M)g+e = T H/M 1

vV ‘10 ‘OM ‘00 ‘H/M :solqeTaep juspuadepur -7

wo $9z°Q = (0) mumsﬂuwm Jo ao0x1g paepue3lg
V8800 0- S/%0° 0~ L0100 + $8T0°%# = 1 :9ulT uolssaildey ¢ deas jyo sduexy
%9¢° 0 81L°0 %L 168 VP+H+Mq+E = J, Vv €
0LZ°0 8(9°0 %1 9% HO+MqQ+e = J H A
670 7€9° 0 %E° 0% MG+e = ] M 1
(wo)a3ewiysy jo JULIDTJI00) UoTSsa189Yy uoijenby ENCEAEEIN *oN da3sg
1011y paepuels uorjeroaixo) sydrzrny £q zo3 pajunoooy uoTssaa8ay

uorjetaep TeIOL

(v) @3y pue (10) sseusoryy 3seyy
‘(0M) eouasasjyumoary IsTeMm ‘(D)) @ousiajunoilyn Isayd ‘(H) 3y8IaH ‘(M) 3IySIoM :saTqeraep juspuadspuy I

sasATeuy uoTssaagdey [ qT19VL

1009



Of the two ultrasonic methods described, the first was the
more objective and easier to use. The method of measuring between
the ribs to the lung interface is more difficult to use because of
the lesser intensity echo from that interface which therefore
could introduce significant error in accuracy.

Because of errors involved in predicting the chestwall thick-
ness in the upper chest area, the precision from ultrasonic measure-
ment was investigated on 45 subjects using the first method
described previously. Over a one year period, all plutonium
operating personnel that were scheduled for lung counting and found
to have had two or more chestwall measurements were considered.

Only the data from those subjects whose weight and thickness
(front to back) had not varied more than 4% were used. The re-
sults of applying these constraints left 45 suitable subjects and
two standard deviations were found to be 0.112 cm.

One error that is generally not considered . in discussion of
chestwall thickness measurements is that resulting from the ratio
of fat to muscle. Although a small error is introduced from the
direct ultrasonic measurement, the propagated error in a plutonium
lung burden assessnment can be of the order of 10%.

Even though several methods of predicting the chestwall tissue
thickness were investigated, the results indicate that the most
precise technique of determining this value is by ultrasonic
measurement. It is, however, possible to conserve time used for
routine counting by making only four to six routine chestwall
measurements weekly to maintain the technique needed in actual Tung
burden assessment cases.
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