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Quantitative Analysis for Radiation Image Measuréd by

Bio-Image Analyzer
Takaakira TANAKA

Radioisotope and Nuclear Engineering School
Japan Atomic Energy Research Institute

Honkomageme, Bunkyo-ku, Tokyo
(Received February 6, 1990)

Bio-image analyzer is a system for detecting radiation images. In
the system, the radiation image recorded on the imaging plate (coated
with photostimulable phosphor on a polyester plate) is read out as light
signals by laser beam excitation and the image data are processed by a
computer. This system is mainly applied for the autoradiography of
biological samples.

In order to clarify the characteristics of the analyzer, the factors
that affect to the quantification of radiation image have been investi-
gated. The photostimulable phosphor shows the fading phenomenon and its
quantity depends on the preservation temperature and period. Irradiating
Cl4—R ray for definite time, the plates were preserved for | hour to 14
days under 10°C to 40°C and read out. The absolute output value, defined
as a value unaffected by fading, was determined from the relation between
irradiation time and the output, by extraporating the time to zero.
Compared to the absolute value, the calibration factors were calculated
and expressed as the function of storage time and temperature. The fad-=
ing effects after T4204-8 and y ray irradiation were also examined and

the fading rates almost coincide with that of Cl4-g ray.

-Keywords: Photostimulable Phosphor, Imaging Plate, Bio-image Analyzer,

Autoradiography, Quantitative Analysis for Radiation Image,

Fading, Calibration Factor
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Table 1 Component of imaging plate and its properties

SURFACE PROTECTOR T BINDER SUPPORTER
{qualities) . (qualities) (qualities)
High photo-transmission Glueing ability to phote| Protection for PSP
Prevention for scratch stimulable phosphor (PSP)| Keep plainness of

Stahleness for radiation Good dispersion for PSP imaging plate

and for variation of Formation of uniformal Flexibility and strongness
humidity and temperature thickness for mechanical shock
Resistibility for bend Stableness for radiation| (thickness)

and friction ' ‘| and for variation of 200 #m photoabsorbable
(thickness) humidity and temperature| film

10 #m for front surface Flexibilityrand strongn-| (material)

20 #m for rear surface ess for mechanical shock| Polyethyleneterephthalate

{material) (thickness) Polyester resin
Polyethyleneterephthalate| 150 #m PSP with binder '
(material)

Nitrocellulose, Polyester

Polyurethane
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Table 2 Uniformity of sensitivity for the imaging plate
Area NoZ! OP (AU/mmz)b AN Area No.)] OP(AU/mm2) | & () Area No.| OP(AU/mmZ) | & (%)
1 5397 97.65 41 5492 99, 36 81 5624 101.70
2 5396 97.62 42 5477 99,08 82 5633 10:.85
3 5358 96.92" 43 5440 98.41 83 5639 182.01
4 5409 97.86 44 5428 98.20 84 5628 101.82
5 5415 97.97 45 5453 98.65 85 5742 103.84
6 5407 97.82 46 5459 98.75 86 5746 103.84
7 5364 97.04 47 5462 98.81 87 5762 104.19
8 531 97.17 48 5453 98. 64 88 5770 j04.34
9 53499 97.67 49 5530 100.04 89 5753 104.02
10 5400 97.69 50 5558 100.56 90 5721 103. 45
11 5409 97.84 51 5573 100.82 91 5677 102.66
12 5412 97.89 52 9565 100.68 52 5660 102. 35
13 5433 98.29 53 5578 100.92 g3 5687 102.83
14 5430 98. 24 54 5547 180.35 94 5677 102,65
15 5468 98.91 55 6612 99.71 95 56610 102. 41
16 5445 98.51 56 5494 99,39 9% 5641 102. 05
17 5436 - 98.34 57 5525 99.95 97 5730 103.61
18 5429 98.23 58 5528 100.00 98 5720 103.43
19 5383 97.56 59 5527 99.99 29 5761 104.18
20 5391 97.53 60 5510 99.67 108 5750 163.98
21 5422 98. 08 61 5608 101. 46 101 5728 103.58
22 5422 98.08 62 o614 101.56 102 5694 102.97
23 5427 98.17 63 5643 102.09 103 5663 102.39
24 5425 98. 14 64 5635 101.94 104 5642 102.03
25 5456 98.71 65 5637 101,97 105 5658 102. 31
26 5456 98.71 66 5607 101.44 . 106 5643 102.08
27 5464 98.86 67 5573 100.83 167 5630 101.84
28 5473 99.01 68 5567 100.71 1068 5621 101.70
29 5433 98.29 69 5587 101.08 109 5698 103.103
30 5433 98.28 70 5587 101.08 110 5713 103. 31
31 5392 97.55 71 5601 101.31 . 111 5749 103.95
32 5395 97.61 72 5582 100.98 112 5733 103.68
33 5434 98.31 13 5670 102,53 113 5704 103.13
34 5436 98.34 T4 5673 102.59 114 5674 102.59
35 5433 98.28 15 5699 103.06 115 5650 i02. 16
36 5431 98,24 T6 5703 103.12 116 5627 101.75
37 5488 99.29 7 5640 102.89 117 5650 102.16
38 5494 99. 40 78 5655 102.26 118 5633 101.86
39 5499 99.49 T9 5626 181.73 119 5616 101.59
40 h516 99.80 ) 5607 101. 38 120 5597 101.26
& Area No, Area of imaging plate is divided into 120 sections. Each section is Zcm x Zcm
in area.
b OP(AU/mm2) Qutput value for each area

¢ 8 (%) :The percentage for OP value comparing to the average output value (5528AU/mmZ)
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Table 3 Sensitivity of imaging plate for radiation

Radiation | 4 g 4

NucTide | 1204 c14 CoB

Energy (Mev) 0.763max 0.156max 1.173 - 100%
Emmision rate -97% | -100% 1.332 - 100%
Sensitivity 7.098 /4U 47.218 /ﬁU 3.62pC/ (kg-AU/cn’)

Table 4 Quantitative analysis for radiation image (£10)

PRESERVATICN 0UTPUT" ' RELATIVE °
TIME (h) [AU/ (. 1) ] OUTPUT ()

1 230.79 92.8

3 207.17 83.3

5 194.73 78.3

10 177.82 71.5

15 170.82 68.6

20 166.13 66.8
a OUTPUT [(AU/(mm.h)] : Average output value for each area

b  RELATIVE OUTPUT (¥) : The percentage for each output
comparing to the absolute output value [248.7AU/(mm{h)]
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Table 5 Calibration factors for sensitivity of imaging plate

under some preservation temperatures

a. Calibration factors for short preservation

SHORT PRESERVATION|  f10° r20° £30° £40
(h) ) %) ) %)

1 92.8 99.9 90.2 86.2

3 83. 3 81.2 78.3 72.3

5 78.3 75.5 72.5 65.8

10 1.5 69.1 66. 1 61.1

15 68.6 66.5 64.2 59.2

20 66.8 65.2 62.8 57.1

b. Calibration factors for long preservation

LONG PRESERVATION F10° F20 " F30° F40°
(d) (%) % (%) (%)

1 65.6 63.9 62.7 56.7

2 61.2 59.6 58.10 48.3

4 59.2 56.1 93.5 38.2

6 he. 4 53.8 50.5 34.10

8 57.1 91.8 47.3 30.5

10 95.9 49.6 44.3 44.3

12 54.9 48.0 41.9 25.7

14 o4.1 45.3 39.5 23.3

a fx, Fx : Calibration factors for sensitivity under

preservation temperature x C, The same factors as shown

on Table 4 as RELATIVE OUTPUT
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Table 6 Calculated values and differences between the calculated values
and observed values, expressed by percentage compéring to the

observed values

a. Short preservation

PRESERVATION f10 f20 £31 f40
a b
BURATION Calc. 8 Calc. & Calc. ) Calc. ]
{h) (%) (%) (%) %) (%) (%) (%) (%)
1 92.7 0.1t 90.9 1 90.1 0.12 B86.1 0.12
3 B3.6 0.36 81.3 0.13 8.7 0.51 72.6 0.42
5 8.0 0.39 75.4 0.14 72.1 .56 65.5 0.46
10 71.6 0.14 £9.1 0 66.2 1.16 61.2 0.17
135 68.6 0 66.5 0 64.1 0.16 59.2 1
20 66.8 0 55.2 0 62.8 0 57.7 ]
b. Long prescrvation
FRESERVATION F10 F20 F30 F4Q
a b
DURATION Calc. ¢ Caic. 8 * Calc. ) Calc. 8
(d) (% {3 (%) (%) (%) (%} (%) D
1 65.2 0.62 63.6 0.48 62.5 0.32 56.6 0.18
2 61.9 1.14 60.1 0.84 o98.5 0.86 48.4 b.21
4 58.9 0.51 55.9 0.36 53.3 0.38 38.4 0.53
6 58.1 0.52 53.6 1.38 5.2 0.60 33.5 1.50
8 57.4 0.53 51.9 0 47.5 0.43 30.7 0.66
10 b6.1 1.36 0.0 0.78 44.6 1.68 28.2 1.07
1 2 54,5 0.74 47.86 0.85 41.6 0.73 25.4 1.19
14 4.2 0.19 45.4 0.23 39.6 0.26 23.4 .43
a Calc.(¥%): Calibration factors for sensitivity calculated by using the

equations (1} to (8).

-h 8 () Differences expressed by percentage comparing to the observed

values
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Fig. 1

Fig. 2
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Crosssection of the imaging plate

The imaging plate consists of four layers which are two
surface protectors, the photostimulable phosphor with
binder and the supporter. Total thickness of the plate
is about 0.5mm. It is so flexible that it can be bent
cvlindrically.

IMAGING PLATE

IMAGE READING UNIT k

DATA PROCESSING UNIT '

DISPLAY
& .
CONTROL UNIT

MEMORY UNIT

COLOR IMAGE PRINTER l

Constitution of Bio-image analyzer

Imaging plate is the detector for two-dimensional radiation
image, using fine crystals of photostimulable phosphor on a
polyester supporter. Components of the Image reading unit
are an IP conveyer, a generator for He-Ne laser, a photo-
scanner, a light guide and a photomultiplier tube. The
data from the Image reading unit are accumulated in the
Data processing unit and the operator conducts various
analyses using the Display and Control unit. The accumu-
lated and analyzed data can be recorded on floppy disk or
magnetic tape and can be printed out by the Color image
printer.
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spectra of PSL ] ] ,
: stimulation spectra

0 \ 1 i ! 1
300 400 500 600 700 800
wave length (nm)

Stimulation property for BaFBr : Eu?t

The PSL emission peak of BaFBr : Eu?t stands at 390 nm,
while the principal peak of stimulation spectra is
formed between 400 nm and 800 nm. Using He-Ne laser
beam (633 nm) for the 2nd excitation to PSP, the
wavelength of it is well harmonized to the stimulation
gspectra and also perfectly separted from the PSL
emission peak.
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Sensitivity of the imaging plate depending
on the position

The Radiation image is shown when TP is
irradiated by 2 uC/kg radiation dose under
uniform exposure rate by Ceb0. Although
this image is displayed monochromatically,
the actual output image is displaved by
color graphics. Upper part of the left
shows large output printed red. The center
part and lower part of the left side show
medium output printed yellow. Right side
of figure shows small output printed green.
The differences of each output do not
depend on the difference of sensitivity for
IP, but depend on the difference of dis-
tance between IP and the photoscanner on
reading process. Correctional factors for
120 areas are shown on Table 2 as &§(¥%).

Zcm square lecated at the top end of right
side is named No.l, while lower end named
No.12. The square at the top end of left
side is named No.l1l09, while lower end named
No.120.

. 17_
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Relative decrease of output by fading for three kinds

of radiation

For inspecting the differences of fading rate between
three kinds of irradiation, IP is irradiated for 5

minutes by those radiation
ty. Relative decreases of
coincide to each other for
minutes. The result shows
for fading decided by some
to other radiations.

sources with equal activi-
output for them almost
preservation time 5 to 20
that the calibration factor
irradiation can be deduced
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Estimation for absolute output value

Standard output value which is not influenced by the
fading is estimated. Changing the irradiation time
to IP, several outputs are measured and the relation

_between the irradiation time and the output is

decided by the least square method. The intersection
for time zero is the standard output value which
evaluates the fading rates of various output values.
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Irradiation position and its preserwation time
The shape of IP is 20cm x 25cm, and that of Cl4
gsource is 25mm in diameter, IP is irradiated
for 1 hour by Cl4 on 6 positions dispersedly,
and preserve 1 hour to 20 hours for short
preservation. Another IP is irradiated on 8
positions and preserve 1 day to 14 days for
long preservation.
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Fig. 8 An example of radiation image recorded on IP
6 circles are radiation images reccrded on IF
which is preserved 1 hour to 20 hours at 10°C
after 1 hour irradiation by Cl4 source. The
numerical values indicate the preservative
durations (hour). The color of each image is
red, orange, yellow, green, purple and blue
for 1, 3, 5, 10, 15 and 20 hours preservation.
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Fig. 9(1) Average output rate comparing to the absolute
output value for short preservation
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9(2) Average output rate comparing to the absolute output

value for long preservation

The output reductions by fading effect are evaluated.
The average output rates comparing to the absolute
output are calculated and indicated as the function
of some preservative durations for some preservative
temperatures. These output rates correspond to the
calibration factors for the fading reduction.
Relations for short preservation (1 hour to 20
hours) are shown on Fig. 9(1) and long preservation
(1 day to 14 days) on Fig. 9(2).
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Fig. 10(l) Fading rate evaluation for short time irradiation
to IP, calculated by the time integration for fx
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Fig. 10(2) Fading rate evaluation for long time irradiation
to IP, calculated by the time integration for Fx
The outputs for long irradiation time can be
calculated by integrating the calibration factor
fx or Fx which are expressed as functions of
preservation duration. Dividing the integrated
value by irradiation time, the calibration factor
for long irradiation time can be obtained. The
relations between the time and the factor are
shown on Fig. 10(1) for 1l hour to 20 hours and
also shown on Fig. 10(2) for 1 day to 14 days,




