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SUMMARY. Memorial ionization chambers originally developed by Garrett and Laughlin were manufactured
at ABCC by machining air-equivalent material. Their characteristics for use in diagnostic X-ray dosimetry
were compared with those made at Memorial Center, New York City. The charge leakage and initial
charge voltage stability of 23 chambers were tested, and 21 with relatively uniform sensitivity were tested
for the energy and directional dependence. Those machined at ABCC had nearly the same characteristics
as those machined at Memorial Center. The chambers which were molded at Memorial Center were less
stable according to initial charge voltages, though their other characteristics were similar to those machined

at Memorial Center and ABCC.
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INTRODUCTION

The choice of ionization chambers is one of the most
important factors affecting the accuracy of dose estimations
for patients receiving diagnostic X-ray examinations.
Memorial diagnostic X-ray ionization chambers (Memorial
chambers) developed by Garrett and Laughlin,! have
been used in estimating medical and dental X-ray exposure

of ABCC.JNIH Adult Health Study subjects.” These
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chambers are very suitable for measuring dose to the
gonads and active bone marrow from diagnostic X-ray
they
independent of radiation energy and the direction of the

examinations because are small and relatively

incident X-ray beam.

The Department of Radiology, ABCC, obtained 15 molded
and 5 machined Memorial ionization chambers made at
the Sloan-Kettering Division of Memorial Center, New
York City.
studies, possible increase in charge leakage, concern for

Because of their frequent use in longrange

their eventual deterioration, and our great distance from
sources of supply, 23 such chambers were subsequently

machined at ABCC for our department.

These were compared with those machined or molded at
Memorial Center as to stability, sensitivity, and energy
and directional dependence, and the results are de-
scribed here.

MATERIALS AND METHOD

In an earlier report, Garrett and Laughlin, described the
original Memorial chambers they molded from conducting,
polystyrene material.! They later found that similar chambers
made by machining gave more reliable results than those
which were molded.> The chambers for our studies
were made by machining air-equivalent plastic (C-552)
on a lathe.
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FIGURE 1 MEMORIAL IONIZATION CHAMBER
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The dimensions of the chambers were as originally
described by Garrett and ]_‘aughlin,l lem in diameter
and 3em in length, inner measurements. Teflon was
used for insulation between both elecirodes as shown in

Figure 1.
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The lathe used to turn the material was a UNIMAT
available through American-Edelstall Inc. After machining,
the chambers were washed several times in liquid freon
(DAIFRON-S 3) to cleanse them of dust and to minimize
charge leakage. Those which still had relatively large
leakages after washing were warmed in a detergent
solution for approximately 12 hours, then washed in
distilled water and again cleansed in freon; thus 23
chambers were completed.

The Memorial chambers are used with the Baldwin-IFarmer,
tvpe RB electrometer, by means of a special adaptor.
The X-ray apparatus used during the present evaluations
was a GE 130kvp, 500ma diagnostic radiographic
apparatus. The chambers calibrated according to the
free-air chamber at Memorial Center were used as
standards in this study.

RESULTS AND DISCUSSION
Natural Leakage

Each chamber was charged by the application of 60
volts. The average charge leakages of the 23 chambers
are shown in Table 1. The maximum leakage of any one
chamber was one volt over 3 days, and the minimum was
zero. The effect of this small leakage on dose measure-
ments was negligible because the time interval between
charging and exposure was less than 1 hour and the
charge loss by exposure, about 20 volts in most situations.
To prevent leakage due to dust absorption during usage,
the chambers were periodically cleansed with freon.

OPHEHREEEL IRT.

FEOMT I21E American-Edelstall # & 0 B A U 72855
FAREAE UNIMAT # £/ L7z, SESRfE RFe, b7 L4
Y(FA 70 r—83) CHMN A HBIESL, fHLT
WAHEHRAERE, ARHOBMREDST I LI 28D,
PEIE R G Ak B iR M A R T ERER I, P EREALR
THI2HERIRE &, FERTHRER, 7 L4 v THULE
L, ZOEICLTBFEOEMME2ERL L.

Memorial T X B\ L L THHELR2EHELF I L
Baldwin-Farmer RB®I# @H L T 5. X#HE®REIIGE
BISSHT X AR B2 A& 130 kvp, 500 ma & Rl w7z,
Memorial ¥ # —I2H W T HHERERYNIZ X > THRIE
shi-SlEErEElEEs L.

RRBLIUEE
B8R

EEEHI0vot DR EBIETHE L. 2340 BHEM
TARTOEREHO I LT
BAROBMIZT3IAMT L volt, BREEYOUTH-F. #f
BLCHALEHET ORI LEBMEANTAD, BB
FAEMORPIIEENvolt TH -0, FEHE
LEFA2RMOBEEIIRETCE2RETH- . AL
TWAMIIBEREONFENFET 54, 2L 5%
S, BEEE 7 LA L TEMMICESRL A

TABLE 1 NATURAL CHARGE LEAKAGE OF MEMORIAL IONIZATION CHAMBERS
# 1 Memorial EEME O B/EWO BRI

Leakage #i# (Mean, £, o-'- | Volts

Time
15 1Y ABCC* Memorial Center** Memorial Center***
dr e M= oy HF—
1(hr) ®:m 0.09, 0.17 0.25, 0.34 0.16, 0.19
4 (hrs) BEA 0.20, 0.25 0.38, 0.38 0.20, 0.28
1{day) H 0.18, 0.28 0.45, 0.44 0.32, 0.10
3 (days) H 0.29, 0.29 0.486, 0.39 0.48, 0.13
36 (days) H 3.0, 0.4
* Average value of 23 machined chambers 234 NERY I T AR MER 0 Pl

** Average value of 15 molded chambers

*** Average value of 5 machined chambers
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Initial Charge Voltage Stability

Although 60 volts were applied to each chamber, the
initial charge voltages differed according to chamber and
varied somewhat individually each time they were
charged. The larger the variations in voltages the lesser
was the accuracy in dose determinations.

The voltage values of the machined chambers of both
Memorial Center and ABCC were very stable. Average
standard deviations of the voltage values based on five
measurements were .08 for the 5 machined at Memorial
Center, 0.12 for the 23 made at ABCC, while it was
0.23 for the molded-chambers. The results are shown
in Table 2.
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TABLE 2 STABILITY OF MEMORIAL IONIZATION CHAMBERS
#% 2 Memorial FEER O ZE %

Number of Chambers

Charge Voltage (Vo)

Average Initial ; Average Standard

Deviation ( ¢ )

T T2 o W T E kR
ABCC 23 38.5 0.12
Memorial Center (machined)
Memorial £ » ¥ — (R8I T) 5 38.0 0.23
Memorial Center (molded)
Memorial + » % — ([E#IH 8} i4 38.5 0.08
Chamber Sensitivity THEOBE

The sensitivitv, namely charge loss by a given exposure,
varies with chamber volume, wall thickness and central
electrode size. The sensitivity of each chamber must be
determined because very slight differences in size and
thickness which may occur during manufacturing can
affect it.

The average sensitivities of the chambers made at ABCC
are plotted against radiation quality in Figure 2 and
Table 3. The two chambers which had lower sensitivities
than the others were not used in dosimetry studies and
their values are shown separately. For reference, the
average values of the five chambers machined at Memorial
Center are also shown in Figure 2.

The two ARCT chambers of lowest sensitivity exhibited
this defect zt lower energy regions. Slightly thicker
chamber walls may have been responsible for this, though
this was not ~stablished.
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FIGURE 2 SENSITIVITY AS A FUNCTION OF HALF.VALUE LAYER OF THE
INCIDENT X-RAYS BEAM
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TABLE 3 SENSITIVITY OF MACHINED MEMORIAL IONIZATION CHAMBER BY RADIATION QUALITY
# 3  Memorial EHEW (BN T) OB D L 5 RBNE

Half Value Layer Tube Voltage Sensitivity % (Mean F#, 6 ) Volts/mR
¥ fi & WIE Memorial Center***
(mmAl) (kvp) ABCC** Memorial £ ¥ ¥ —
0.7 60* 0.230, 0.02
2.55 66 0.269, 0.006
2.85 74 0.274, 0.005
2y 100* 0.274, 0.005
3.0 78 0.276, 0.005
3.1 20 0.278, 0.005
3.2 84 0.281, 0.005
3.3 86 0.283, 0.005
3.4 90 0.283, 0.005
3.5 92 0.286, 0.005
3.8 100 0.291, 0.006
4.2 110 0.299, 0.007
4.55 120 0.302, 0.008
4.90 130 0.308, 0.009
5.1 150* 0.295, 0.005
* Constant potential (kvp) T kvp )

** Average values of 21 chambers 21& O WEEE 0 L HHE
***  Average values of 5 chambers 5 A o) B BE Y o) T



FIGURE 3 GENERAL RESPONSE CHARACTERISTICS OF SOME OTHER DETECTORS AND
TWO TYPES OF MEMORIAL CHAMBER (Ref. 1)
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Energy Dependence

Energy dependence of the Memorial chambers as reported
by Garrett and Laughlin! is shown in Figure 3. The
sensitivity changes of the Memorial chambers by energy
were very small for the lower energy regions, as compared
to chambers of other manufacturers. The sensitivity
changes of our Memorial chambers measured for X-rays
with HVL of 2.55 to 4.90 mmAl are shown in Figure 2.
Variation in sensitivity for this energy region was 7%.
Depending on the radiation quality prevalent different
correction factors must be used to achieve a 5% accuracy
in dosimelry.

Directional Dependence

The Memorial chambers were relativelv uniform in
sensitivity during the projection of incident X-ray beams,
compared to other chambers such as the Baldwin-Farmer,
BDIL' Figere 1 and Table 4 show the directional
dependence of the chambers made at ABCC and at
Memorial Center. Maximum sensitivity was obtained at
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FIGURE 4 DIRECTIONAL DEPENDENCE OF THE MEMORIAL IONIZATION CHAMBER
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100 87.0 96.5
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90° and 270° incident beam projections, perpendicular to
the central electrode. Minimum sensitivity was observed
at 0° and 180¢ parallel to the central electrode. In our
phantom human these chambers are always positioned
with their long axes parallel to that of the body so that
the incident angle of the direct beam is usually perpendi-
cular to the central electrode for maximum sensitivity.
However, the sensitivity in the phantom is estimated to be
29%-3% less than that at the 90° direct beam due to
scattered radiation from various angles.

From the above results, the characteristics of the
Memorial chambers machined at ABCC were nearly the
same as those machined at Memorial Center.
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