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RADIOLOGICAL SURVEY OF THE HEALTH DIVISION 
DIAGNOSTIC X-RAY FACILITY 

by 

A. G. Januska and W. H. Smith 

Surveys of the Health Division X-Ray Facil i ty at Argonne National 
Labora tory were init iated during the month of December 1958 to determine 
the levels of exposures encountered in scat ter ing under normal operating 
condit ions. Incorpora ted in the sca t te r ing surveys was a study of the a i r 
dosages rece ived by operat ing personnel and those undergoing diagnostic 
study. 

The p r i m a r y purpose of this facility i s for diagnostic work using 
radiographic and fluoroscopic methods . Although all phases of this type of 
operat ion a r e employed, approximate ly 80 percent of the studies made con­
s i s t of p o s t e r i o r - a n t e r i o r chest rad iographs in conjunction with annual r e -
check, p re -employment , and te rmina t ion physical examinat ions . The major 
port ion of the data contained he re in is based on the sett ings for pos t e r i o r -
an te r io r chest rad iographs , i . e . , 85 kvp (tube voltage) and 100 ma (target 
c u r r e n t ) . 

The X- r ay facility employs a G-E Unit with a Coolidge Rotating 
Anode X - r a y tube. The tube has a max imum voltage rat ing of 11 0 kvp with 
0 .5 -mm (of a luminum equivalent) inherent f i l trat ion. One mi l l imete r of 
a luminum has been inse r t ed in front of the beam port for additional f i l t ra ­
tion. Included in the equipment is a G-E PR Photot imer and a Videx Model C 
Radiographic Cone. The phototimer, used in approximately 90 percent of 
al l radiographic exposures , s e r v e s the purpose of l imit ing exposure t ime 
in accordance with the density of the object being radiographed. For r ad io ­
graphic work involving a r e a s where the phototimer cannot be employed, a 
p r e s e t t ime r is used. The radiographic cone se rves as a beam col l imator , 
allowing the major port ion of the beam to be confined to the a r ea to be r ad io -
graphedand thereby reducing excess ive sca t t e r ing . Voltage settings usually 
range f rom 65 kvp and 25 ma for a knee radiograph to 85 kvp and 100 ma 
for a ches t rad iograph . 

The facility i s housed in a 1 9 ft 5 in. x 14 ft 4 in. x 1 0 ft room with 
-g--in. lead sheeting on the walls and doors to protect adjacent facil i t ies 
f rom d i rec t or sca t t e red radia t ion. In addition, the operating personnel 
a r e protec ted by a portable s c r e e n covered with 0.5 m m of lead sheeting 
and a l ead - impregna ted g lass por t for viewing the operat ion. The X- ray 
unit is normal ly opera ted by qualified personnel who stand behind the 
s c r een , which is approximate ly 72 in. f rom the ta rge t . 



INSTRUMENTATION 

In o rde r to obtain sufficient cumulative data concerning the o rde r s 
of magnitude of the sca t te red X rays throughout the facility, th ree sets of 
DuPont #553 film packets were located at each of 26 points in and about 
the facility (see Figures 1 and 2). 
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+, INDICATES TARGET POSITION 
T, NEAR FIRE HOSE BOX 
S, ON FUSE BOX 
R,ON WALL 
P, OH BASEBOARD 
0, FOUR FEET ABOVE FLOOR 
0,0N SIDE OF CABINET 

""V 

+ INDICATES TARGET POSITION 

ALL WALL FILMS AVERAGE 55 IN. FROM FLOOR 

U IS LOCATED ON THE HIDDEN WALL AND IS 20 IN. FROM FLOOR 

Y AND Z ARE ON OPPOSITE SIDES OF THE PERSONNEL SHIELD 

Figure 1 

Diagnostic X- ray 
Faci l i ty 

Figure 2 

Cor r idors Adjacent 
to the X-ray Facil i ty 

Each film was par t ia l ly shielded by 1 m m of cadmium. The films were ex­
posed for one, two, and three-week in te rva l s , and after the end of each 
period the films were removed and s tored under refr igerat ion to r e t a rd 
fading of the latent image. In conjunction with the diagnostic s tudies , 
DuPont #553 film packets were used on an individual and t rea ted in like 
manner . 

A second method to detect X-ray scat ter ing occurr ing in and about 
the facility involved the use of an end-window (~'2 mg/cm^) G-M Counter. 

The third and final method to detect X-ray scat ter ing was a Pa t t e r ­
son Fluorescent Screen. In o rde r to determine if s t ray beams were emerg­
ing from the sides of the filtering cone a r e a of the unit, the sc reen was 



placed at var ious locations about the unit. The sc reen was also placed on 
the edge of the film holder (Cassette Changer) in order to determine the 
effectiveness of the beam coUimation. 

A Victoreen Model 70 Condenser r -Mete r was used as the basis 
for a i r -dose ra tes for film cal ibrat ion, i nve r se - squa re - l aw study, and 
distance vs . dose v s . kvp de terminat ions . 

DATA 

The Victoreen ins t rument was used with thimble chamber #227; 1 r 
ra ted at 0.065 r / s e c with an efficiency of +10% and chamber #70-5; 25 r 
ra ted at 1 5 r / s e c with an efficiency of ^2%. Both chambers have a rated 
effective energy range of 30-400 kev. The reason for using the 1-r chamber 
in conjunction with the 25-r chamber was due p r imar i ly to the expected dose 
r a t e s to be encountered. Insofar as the Condenser r -Me te r scale is fixed 
and independent of the chamber s , the smal les t scale increment when using 
the 25-r chamber is 500 m r , whereas the smal les t scale increment for the 
1-r chamber is 20 m r . Although the 1-r chamber was more accurate in 
reading low-order dosages , the dose - r a t e response of this chamber in t ro­
duced an e r r o r , which was resolved by corre la t ing the response of the 25-r 
and 1-r chambers in s imi la r fields of radiat ion. The resu l t s with the 25-r 
chamber were used as the basis for the t rue dose because of i ts high r e ­
sponse rating (15 r / s e c ) v s . the dose ra te encountered. F rom these data 
a cor rec t ion factor vs . distance curve was plotted (see Figure 3 and Table l ) . 
Correct ion factors from this curve were utilized whenever the 1-r chamber 
was used. 

DOSE RATE-CHAMBER #70-5 
DOSE RATE-CHAMBER #227 

30 40 50 
DISTANCE , in. 

Figure 3 

Correct ion Factor for 1-r 
Chamber #22 7 

(85 kvp, 100 ma) 

Table 1 

INVERSE-SQUARE LAW AND CORRECTION-FACTOR DATA 
(Tube vol tage , 85 kvp; t a r g e t c u r r e n t , 100 ma ; t i m e , 0.5 sec) 

D o s i m e t e r Dis tance , (in.) Dose* (r) Co r r ec t i on F a c t o r , (a/b) 

1.194 

1.228 

1.243 

25 r 
1 r 

25 r 
1 r 

25 r 
1 r 

25 r 

65.5 
65.5 

49.5 
49.5 

32.5 
32.5 

16.5 

0.185 (a) 
0.155 (b) 

0.350 (a) 
0.285 (b) 

0.800 (a) 
0.644 (b) 

2.86 

* The dose r e s u l t s a r e the a v e r a g e of five exposures per d o s i m e t e r 
at each d i s t a n c e . 



Readings with both chambers were taken at various ta rget - to-charab 
dis tances in order to verify whether or not the inve r se - squa re law would be 
applicable for this par t icu la r type of facility (see Figure 4 and Table l ) . 

Figure 4 

Data for Inverse Square Law 
85 kvp, 100 ma 

O .250 .500 .750 10 1.25 1.50 1.75 2.0 2.25 2.50 2 75 3.0 
DOSE, r/0.5 sec 

Two separa te sets of cal ibrated film standards were made to de te r -
raine the conversion of the film density to a ir dose (see Table 2). 

Table 2 

FILM DENSITY - AIR DOSE 

Radium Calibration Densities 

Film No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Dose (r) 

0.025 
0.050 
0.100 
0.150 
0.200 
0.400 
0.800 
1.000 
2.000 
3.000 
5.000 

10.000 

Density (Shield) 

0.005 
0.015 
0.035 
0.055 
0.085 
0.190 
0.400 
0.490 
0.950 
1.270 
1.790 
2.480 

Density (Window) 

0.01 
0.02 
0.06 
0.09 
0.14 
0.30 
0.58 
0.72 
1.27 
1.63 
2.20 
2.97 

X-ray Calibration Densities (85 kvp) 

Film No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Dose Expected 

0.02 
0.06 
0.10 
0.16 
0.20 
0.40 
0.80 
I.O 
2.0 
3.0 
5.0 

10.0 

( r ) Dose Recorded 

0.020 
0.045 
0.095 
0.140 
0.200 
0.370 
0.695 
0.825 
2.100 
3.100 
4.500 
8.800 

( r ) Dose Corrected 

0.024 
0.054 
0.113 
0.178 
0.254 
0.470 
0.883 
1.049 
2.100 
3.100 
4.500 
8.800 

( r ) Den sity (Window) 

0.26 
0.64 
1.08 
1.43 
1.90 
2.50 
3.+ 

-
-
-
. 
. 

Note: Densities greater than 3 were beyond the capacity of the densitometer used. 



Two sets of curves (see F igures 5 and 6) were obtained. One set is the r e ­
sult of t imed exposures of the #553 film packet in a known gamma field 
emanating from a rad ium source . The curves were plotted for shielded 
(l m m Cd) and unshielded film (see Figure 5). A second curve was plotted 
from the exposure of the #553 film packet (unshielded) to the beam of the 
X-ray unit (see Figure 6). 
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Figure 5 

Calibration of Sensitive F i lm #502 (Radium Standard) 

01 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 10 II 12 13 14 15 
DENSITY 

Figure 6 

Calibration of Sensitive Fi lm #502 
( x - r a y ; 85 kvp 100 ma) 

This was accomplished by locating a film packet and a thimble chamber 
side by side in the beam simultaneously. The distance to the target and 
t ime of exposure were then var ied to obtain the des i red dose on each film, 
with the thimble chamber acting as the exposure- record ing device. The 
unit was set at 85 kvp for all the X- ray film cal ibra t ions . Upon completion 
of the s t andards , al l of the film was developed in one batch and read . 



A study of the radiuin and 85-kvp X- ray curves indicate a significant dif­
ference in o rde r s of magnitude, 15.5 radium window to 1, 85-kvp X-ray, 
between the two s tandards . This 15.5 to 1 rat io is p r imar i ly due to the 
energy dependence of the film to the X- and g a m m a - r a y energies involved. 
Even assuming the 85-kvp curve cannot reproduce the exact energies 
impinged on each film packet, the 85-kvp curve remains the more rea l i s t ic 
approximation of the equiva len t -a i r -dose r a t e s encountered. The radium 
curves a re included as a point of in te res t and should not be considered as 
an approximate a i r -dose reading. 

Although the unit is operated at 85 kvp and 100 ma for a major por ­
tion of the t ime, var ious combinations of tube voltage and target cur ren t 
settings can be employed based on the uni t ' s inherent capacity. Because 
of this flexibility, data were obtained for cer ta in coinbinations of tube 
voltage and ta rge t cu r ren t settings and distances to determine changes of 
a i r - d o s e ra te due to these var iab les (see Figure 7 and Table 3). 

0.6 0.7 0.8 0.9 1.0 I.I 1.2 
DOSE.r/IOOmo 

Figure 7 

Distance - Dose kvp 

Scattering exposures received by the DuPont #553 film packets 
located at each of 26 points in and about the facility may be found h 
Tables 4, 5, and 6. 

m 

In using an end-window (~2 mg/cm^) G-M Counter* with the X-ray 
unit operating under normal conditions (pr imari ly for chest radiographs) , 
no detectable radiation could be found emanating through the walls of the 
facility. Surveys were made around the three entrances to the room with 
the doors closed and the detector placed at the top, s ides , and bottom breaks 
between door and f rame. The resu l t s of these surveys were as in Table 7. 

*G-M readings must be considered as o rde r s of magnitude for this pur­
pose, due to the energy dependence and lag in t ime of response of the 
ins t rument . 



Table 3 

DOSE-DISTANCE - KVP DATA 

Distance (in.) 

36 
32 
28 

36 
32 
28 

36 
32 
28 

36 
32 
28 

Tube Voltage 

60 
60 
60 

65 
65 
65 

70 
70 
70 

75 
75 
75 

(kvp) Target Current (ma) 

25 
25 
25 

75 
75 
75 

100 
100 
100 

100 
100 
100 

Dose ( r / sec) 

0.166 
0.200 
0.266 

0.533 
0.666 
0.866 

0.833 
1.011 
1.370 

1.033 
1.233 
1.644 

Dose (r/lOO ma) 

0.664 
0.800 
1.064 

0.710 
0.889 
1.155 

0.833 
1.011 
1.370 

1.033 
1.233 
1.644 

Notes: 1) 25-r dosimeter #70-5 used in all measurements . 
2) All dose resul ts are the average of three exposures per distance. 

Table 4 

WALL EXPOSURE - 1 WEEK 

No. 

1-A 
2 -A 
3-A 
4 - A 
5 -A 
6-A 
7-A 
8-A 
9-A 

10-A 
11-A 
12-A 
13-A 
14-A 
15-A 
16-A 
17-A 
18-A 
19-A 
20-A 
21-A 
22-A 
23-A 
24-A 
25-A 
26-A 

Pos . 

A-1 
B-1 
C-1 
D-1 
E - 1 
F - 1 
G-1 
H-1 
I - l 
J - 1 
K-1 
L - 1 
M-1 
N - 1 
O - l 
P - 1 
Q-1 
R-1 
S-1 
T-1 
U-1 
V-1 
W-1 
X-1 
Y-1 
Z - 1 

Shield 
Density 

-
0.005 

-
-
-
-
-
-
-
-
-

0.01 
0.005 

-
-
-
-
-
-
-

0.005 
0.01 

-
-
-

Window 
Density 

0.32 
0.30 
0.61 
0.13 
0.07 
0.17 
0.19 
0.26 
0.03 
0.06 
0.17 
0.33 
0.89 
0.62 

-
-
-
-
-
-
-

0.23 
0.29 
0.19 
0.64 

-

Ra Source, 
(mr) 

0 
0 

25 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40 
25 

0 
0 
0 
0 
0 
0 
0 

25 
40 

0 
0 
0 

Ra Source, 
(a.u;)^ 

420 
400 
830 
195 
120 
240 
260 
350 

70 
105 
240 
440 

1280 
850 

0 
0 
0 
0 
0 
0 
0 

310 
385 
260 
880 

0 

85-kvp 
X-ray Source, 

(mr) 

28 
26 
50 
12* 

7* 
16* 
18* 
24 

4* 
5* 

16* 
28 
83 
51 

0 
0 
0 
0 
0 
0 
0 

2 1 * 
26 
18* 
53 

0 

* Approximate value, no calibration made below 24 m r . 

^An a.u. (arbi t rary unit) is a unit used to compare the density of a film in 
the badge window position caused by exposure to unknown beta-gamma 
and/or X radiation to the equivalent density of a film in the badge window 
position caused by exposure to a known Ra' 
mil l i roentgens. 

226 
source expressed in 



Table 5 

WAl l EXPOSURE-2 WEEKS 

No 

1-B 
2-B 
3-B 
4-B 
5-B 
6-B 
7-B 
8-B 
9-B 

10-B 
11-B 
12-B 
13-B 
14-B 
15-B 
16-B 
17-B 
18-B 
19-B 
20-B 
21-B 
22-B 
23-B 
24-B 
25-B 
26-B 

Pes. 

A-2 
B-2 
C-2 
D-2 
E-2 
F-2 
G-2 
H-2 
1-2 
J-2 
K-2 
L-2 

M-2 
N-2 
0-2 
P-2 
Q-2 
R-2 
S-2 
T-2 
U-2 
V-2 
W-2 
X-2 
Y-2 
Z-2 

Shield 
Density 

-
0.01 

-
-
-
-
-
-
-
-
-

0.01 
0 01 

-
-
-
-
-
-
-

0 005 
0 02 
0 01 
0 01 

-

Window 
Density 

0.35 
0 37 
0 73 
016 
0 09 
0 23 
0.24 
034 
0 05 
0 08 
0 20 
0 41 
108 
0 78 

-
-
-
-
-
-
-

0 28 
0 36 
0 24 
0 80 
0 01 

Ra Source 
(mr) 

0 
0 

40 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40 
40 
0 
0 
0 
0 
0 
0 
0 

25 
70 
40 
40 
0 

Ra Source, 
(au |3 

460 
490 

1030 
230 
150 
310 
320 
450 
95 

130 
270 
540 

1600 
1100 

0 
0 
0 
0 
0 
0 
0 

375 
480 
325 

1140 
25 

85KVP 
X-ray Source, 

(mr) 

30 
31 
63 
15* 
9* 

21' 
22* 
29 
5 5* 
8* 

18' 
34 

112 
69 
0 
0 
0 
0 
0 
0 
0 

25 
30 
22* 
71 
16° 

• Approximate value no calibration made below 24 mr 

a An a u. (arbitrary unit) is a unit used to compare the density of a film in the badge window position caused by exposure 
to unknown beta-gamma and/or X radiation to the equivalent density of a film in the badge window position caused by 
exposure to a known Ra226 source expressed in milliroentgens 

Table 6 

WALL EXPOSURE-3 WEEKS 

No 

1-C 
2-C 
3-C 
4-C 
5 C 
6-C 
7-C 
8 C 
9-C 

10-C 
11-C 
12-C 
13-C 
14-C 
15-C 
16-C 
17-C 
18-C 
19-C 
20-C 
21-C 
22-C 
23-C 
24-C 
25-C 
26-C 

Pos 

A-3 
B-3 
C-3 
D-3 
E-3 
F-3 
G-3 
H-3 
1-3 
J-3 
K-3 
L-3 

M-3 
N-3 
0-3 
P-3 
Q-3 
R-3 
S-3 
T-3 
U-3 
V-3 
W-3 
X-3 
Y-3 
Z-3 

Shield 
Density 

0 005 

-
0 01 

-
-
-
-

-

-
0 005 
0 015 
0 01 

-
-
-

-
-
-

0 02 
0 02 
0 015 
0 015 

-

Window 
Density 

0 40 
0 46 
0 89 
0 20 
012 
029 
0 30 
0 41 
0 05 
009 
0 24 
0 51 
129 
0 96 

-
-
-

-
-
-

0 36 
044 
0 32 
0 98 
0 015 

Ra Source, 
(mr) 

25 
0 

40 
0 
0 
0 
0 
0 
0 
0 
0 

25 
55 
40 
0 
0 
0 
0 
0 
0 
0 

70 
70 
55 
55 
0 

• Approximate value, no calibration made below 24 mr 

a An a u (arbitrary unit) is a unit used to compare the density of a film in the badge window position caused by exposure 
to unknown beta-gamma and/or X radiation to the equivalent density of a film in the badge window position caused by 
exposure to a known Ra226 source expressed in milliroentgens 

Ra Source 
( a u ) ^ 

530 
620 

1280 
270 
170 
385 
400 
540 
95 

150 
370 
680 

2020 
1390 

0 
0 
0 
0 
0 
0 
0 

480 
590 
430 

1420 
35 

85 kvp 
X-ray Source 

(mr) 

33 
38 
83 
18* 
I I * 
26 
26 
34 
5 5* 

r 
22* 
42 

148 
93 
0 
0 
0 
0 
0 
0 
0 

30 
36 
28 
96 
25* 
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Table 7 

RADIATION DETECTION AT DOORS 

Location Top Left Side Right Side Bottom 

During Chest Radiographs (85 kvp, 100 ma) 

South Door <0.1 m r / h r <0.1 m r / h r <0.1 m r / h r 0.4 m r / h r 
Eas t Door <0.1 m r / h r <0.1 m r / h r <0.1 m r / h r 0.4 m r / h r 

North Door <0.1 m r / h r <0.1 m r / h r <0.1 m r / h r 0.4 m r / h r 

During Spine Radiographs (85 kvp, 100 ma) 

Eas t Door - - - 1.3 m r / h r 
Resul ts of all surveys with the G-M Counter indicated that the bot­

tom c racks of the th ree doorways w^ere the only locations where detectable 
radia t ion was emit ted f rom the facili ty. 

The Pa t t e r son F luorescen t Screen was used in an at tempt to observe 
beam divergence . The unit was opera ted for th ree seconds at each of four 
loca t ions . It was observed that excitat ion of the sc reen occur red only as a 
resu l t of genera l sca t t e r ing , and no divergent beams were noted. With 
the s c reen placed on the edge of the film holder , it was noted that the beam 
had a sharp cutoff within the a r e a on which it was set to focus, thereby in­
dicating a min imum of beam divergence from the cone to the film. 

Data were accumulated from p o s t e r i o r - a n t e r i o r chest radiographs 
of one hundred subjec ts , seventy-five male and twenty-five female . In all 
c a s e s , the units photot imer was employed. The exposure for each individual 
subject was r eco rded in m i l l i a m p e r e - s e c o n d s (mas) as read di rect ly frona 
the m a - m a s m e t e r (see Table 8). 

Table 8 

POSTERIOR-ANTERIOR CHEST RADIOGRAPHIC STUDIES 
(Tube voltage 85 kvp; t a rge t cu r ren t 100 ma) 

Exposure, m i l l i a m p e r e - s e c o n d s Subject 

Subject 

1 
2 
3 
4 
5 
6 

No . Individual 

17.0 
11.0 
12.0 
12.0 
13.0 
16.0 

Subtotal 

17.0 
28.0 
40.0 
52.0 
65.0 
81.0 

Average 

17.00 
14.00 
13.30 
13.00 
13.00 
13.50 

Male or Female 

i n 

m 
m 
m 
m 
m 
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Tab le 8 (Cont 'd . ) 

E x p o s u r e , r a i l l i a m p e r e - s e c o n d s Subjec t 

Subjec t No . 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

Ind iv idua l 

11.0 
9.0 

10.0 
12.0 

9.0 
9.0 

14.0 
12.0 
10.5 
11.5 

8.0 
7.0 

10.5 
9.0 

10.5 
9.0 

24.0 
18.0 
17.0 
11.5 

8.5 
11.0 
11.0 

9.0 
12.0 
10.0 
16.0 
24.0 
17.0 
11.0 
11.5 
12.0 
12.0 
11.5 
11.5 
10.5 
11.0 
16.0 
13.0 

9.0 
9.0 

10.0 

Subto ta l 

92.0 
101.0 
111.0 
123.0 
132.0 
141.0 
155.0 
167.0 
177.5 
189.0 
197.0 
204.0 
214.5 
223.5 
234.0 
243.0 
267.0 
285.0 
302.0 
313.5 
322.0 
333.0 
344.0 
353.0 
365.0 
375.0 
391 .0 
415 .0 
432 .0 
443 .0 
454 .5 
466 .5 
478 .5 
490 .0 
501 .5 
512 .0 
523 .0 
539.0 
552.0 
561 .0 
570.0 
580.0 

A v e r a g e 

13.14 
12.62 
12.33 
12.30 
12.00 
11.75 
11.92 
11.93 
11.83 
11.81 
11.59 
11.32 
11.28 
11.18 
11.15 
11.05 
11.51 
11.88 
12.08 
12.06 
11.93 
11.89 
11.86 
11.77 
11.77 
11.72 
11.85 
12.21 
12.35 
12.31 
12.28 
12.28 
12.27 
12.25 
12.23 
12.19 
12.16 
12.25 
12.27 
12.19 
12.13 
12.08 

Male o r F e m a l e 

m 
f 
m 
m 
m 
f 
f 
m 
f 
m 
f 
f 
f 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
f 
m 
m 
i n 

f 
f 
m 
m 
m 
m 
f 
m 
m 
m 
m 
m 
m 
m 
m 



Table 8 (Cont'd.) 

12 

Exposure, m i l l i ampere - seconds Subject 

Subjec t No . 

4 9 
50 
51 
52 
53 
54 
55 
56 
57 
5 8 

59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

69 
70 
71 
72 

73 
74 
75 
76 

77 

78 

79 
80 
81 

82 
83 
84 
85 
86 
87 
8 8 

89 
90 

Ind iv idua l 

10.5 
14.0 

9.0 
11.0 
10.5 
11.0 
11.0 

9.0 
10.5 
12.5 
10.0 

9.0 
8 .0 

12.0 
12.0 
10.0 

8.5 
11.0 
18.5 
10.0 

9 . 5 
14.0 

8.0 
7 .0 

13.0 
9 .0 

14.5 
9.0 

8.0 
8 .0 

11.0 
15.0 

8.5 
11.0 
15.0 

9 .0 
12.0 
16.0 
15.0 
22.0 
13.0 
14.0 

Subto ta l A v e r a g e 

590.5 
604.5 
613.5 
624.5 
635.0 
646.0 
657.0 
666.0 
676.5 
689.0 
699.0 
708.0 
716.0 
728.0 
740.0 
750.0 
758.5 
769.5 
788.0 
798.0 
807.5 
821.5 
829.5 
836.5 
849.5 
858.5 
873.0 
882.0 
890.0 
898.0 
909.0 
924.0 ] 
932.5 
943.5 ] 
958.5 ] 
967.5 ] 
979.5 ] 
995.5 ] 

1010.5 ] 
1032.5 ] 
1045.5 ] 
1059.5 ] 

12.05 
12.09 
12.03 
12.01 
11.98 
11.96 
11.95 
11.89 
11.87 
11.88 
11.85 
11.80 
11.74 
11.74 
11.75 
11.72 
11.67 
11.66 
11.76 
11.75 
11.70 
11.74 
11.68 
11.62 
11.64 
11.60 
11.64 
11.61 
11.56 
11.51 
11.51 
11.55 
11.51 
11.51 
1.55 
1.52 

[1 .52 
1.57 
1.61 
1.73 
1.75 
1.77 

Male o r F e m a l e 

f 

m 
m 
m 
m 
m 
m 
f 
m 

m 
m 
m 
f 
m 
m 
f 
m 
m 
m 
f 
m 
f 
f 
m 
f 
m 

m 
m 

m 
f 
m 
m 
m 
m 
m 
m 
m 
m 
f 
m 
m 
m 
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Table 8 (Cont'd.) 

Exposure , m i l l i ampere - seconds Subject 

Subject No. Individual Subtotal 

91 12.5 1072.0 
92 16.0 1088.0 
93 15.0 1103.0 
94 8.0 1111.0 
95 8.5 1119.5 
96 10.0 1129.5 
97 12.0 1141.5 
98 12.5 1154.0 
99 7.5 1161.5 

100 19.5 1181.0 

Total Male and Fema le - 100 
Maximum 
Minimum 
Average 

Total Male - 75 Subjects 
Maximum 
Minimum 
Average 

Total Fema le - 25 Subjects 
Maximum 
Minimum 
Average 

Average 

.78 

.83 

.86 

.82 

.78 

.77 

.77 

.79 

.73 

.81 

Subjects 

Male or Female 

1181 
24 

7 
11.81 

889.0 
24.0 

7.0 
11.85 

292.0 
24.0 

7.0 
11.68 

f 
m 
f 
m 
m 
f 
m 
m 
m 
f 

m a s 
m a s 
m a s 
m a s 

m a s 
m a s 
mas 
m a s 

m a s 
mas 
mas 
m a s 

In o rde r to c o r r e l a t e the a i r - d o s e r a t e s v s . m a s exposu res , a s e r i e s 
of thimble chamber m e a s u r e m e n t s was made at 85 kvp and 100 ma (the se t ­
ting at which p o s t e r i o r - a n t e r i o r ches t radiographs a r e taken). A t a rge t to 
chamber dis tance of 65.5 in,was ut i l ized, and t imes of exposures va r i ed from 
0.1 to 1.0 second (see Table 9). The 65.5-in., dis tance was m e a s u r e d and 
a s s u m e d to be the d is tance from ta rge t to the center of an average subject 
in posit ion for a p o s t e r i o r - a n t e r i o r chest rad iograph. F r o m the r e su l t s of 
these data , a graph of t ime of exposure v s . a i r dose was made (see F igure 8). 
Under these opera t ing condi t ions, use of this graph and knowing an individual 's 
exposure p e r m i t s an approximate a i r dose to be de te rmined . 



Table 9 

DOSE-TIME VARIABLE DATA 
(Tube voltage 85 kvp; target cur ren t 100 ma, c= 1.194 
ta rge t to chamber 65.5 in., dosimeter 1-r #227) 

Time of Exposure (sec) Dose (mr / t ime) Correc ted Dose (mr / t ime) 

0.10 
0.20 
0.30 
0.40 
0.50 
0.75 
1.00 

34.4 
66.4 

101.4 
133.0 
160.8 
233.0 
310.0 

41.1 
79.3 

121.1 
158.9 
192.0 
278.0 
370.0 

1.0 

0.9 

S0.8 

uiO.7 
S 
1-0.6 

§0 .5 
(n 
O0.4 
X 
1^0.3 

O.E 

0.1 

— 
-
-

: y 
y< 

-y\ , 1 

•^ 

y^ 
y ^ 

y ^ 

1 1 1 1 
100 150 200 250 

DOSE,milliroentgen 
350 400 

Figure 8 

Dose - Time Variable 
(85 kvp, 100 ma) 

A s e r i e s of three pos t e r io r - an t e r io r chest radiographs was given 
to one male subject to observe the resul tant exposures . The following 
technique was employed: 

Exposure 1 - Subject radiographed under normal unit conditions; 
full inspirat ion. 

Exposure 2 - Subject radiographed under normal unit conditions; 
full expirat ion. 

Exposure 3 - Subject radiographed under normal unit conditions; 
full inspirat ion and #553 film packets at 1 5 points of 
in te res t on the body (see Table 10). 

F r o m the resu l t s (Table 10) it is assumed that the zero read­
ings on packets 1 -5 inclusive were due to low exposures and the insens i -
tivity of the film used. The d iscrepancy noted in exposures 1 and 3 was 
probably due to the density difference of the film packets which added to 
the total density as seen by the photot imer. 



Table 10 

Per sonne l Exposure 

Exposure 1; full inspi ra t ion 10.0 m a s - ~38 m r 
Exposure 2; full expirat ion 16.0 m a s - !»62 m r 
Exposure 3; full insp i ra t ion 15 film packets 11.5 mas - ==44 m r 

Personne l F i lm Results 

F i lm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Posit ion 

Gonad; Front 
Gonad; Back 
Gonad; Bottom 
Gonad; Right 
Gonad; Left 
Back of Head 
Forehead 
Eye; Left 
Eye; Right 
Back; Left 
Back; Middle 
Back; Right 
Chest; Left 
Chest; Middle 
Chest; Right 

Density 

». 

-
-
-
-

0.05 
-
-
-

0.58 
0.63 
0.64 
0.06 
0.02 
0.05 

Ra Source (mr) 

0 
0 
0 
0 
0 

140 
0 
0 
0 

1170 
1260 
1280 

155 
70 

140 

X-ray Source (mr 

0 
0 
0 
0 
0 

12* 
0 
0 
0 

48 
52 
53 
13* 
1 1 * 
12* 

* Approximate va lues , no cal ibrat ion made below 24 m r . 

Packe t s 1-5 inclusive were worn for all th ree personnel exposures . 

Table 10 shows r e su l t s of the densi ty var iab le between full i n s p i r a ­
tion and full expirat ion in t e r m s of m a s . It a lso indicates the var ious a i r 
dose r e su l t s at points of i n t e r e s t about the body in t e r m s of m r . 

INTERPRETATION 

The r e su l t s obtained from i n v e r s e - s q u a r e - l a w and d is tance-dose-kvp 
studies s e e m to indicate that the inve r se square law is applicable in this type 
of facil i ty. Some degree of e r r o r is encountered due to minute amounts of 
sca t t e red radiat ion in, and sca le interpolat ion of, the thimble chambers used. 
An approximate a i r dose at any dis tance can then be p rede te rmined by know­
ing tube voltage, t a rge t cu r r en t and employing F igures 4 and 7. 

The r e su l t s of the film survey revea led three significant points of 
i n t e r e s t involving the sca t te r ing p rob lem. F i r s t , no reading g rea t e r than 



100 m r / w e e k was noted in or about the facility. Secondly, no discernible 
exposure was found in a r e a s immedia te ly adjacent to the facility. Thirdly, 
film locations I and Z received negligible exposures , l e ss than an approxi­
mated 6 m r for a th ree-week period. This is par t icular ly important in that 
the operating personnel a r e stationed in this a rea during operation of the uni ts . 
It may be noted that the readings of the f i rs t -week exposures a r e grea te r 
than the following two and three-week exposures averaged on a weekly b a s i s . 
An explanation for this is that the operational t ime of the unit was much 
g rea t e r during the f i r s t week, due in par t to thimble chamber me a s u rem en t s , 
than during the succeeding two weeks . 

Results of the end-window survey and f luorescen t - sc reen observa­
tions tend to indicate that sca t te red radiation in and about the facility is at 
a minimum. 

F r o m the resu l t s of the cumulative data of 100 subjects , maximum, 
minimum, and average exposures (see Table 8) cor re la ted with air dose 
(Figure 8) revealed information of in te res t . For example, while the max i ­
mum and minimum dosages for male and female were found to be the same , 
their average exposures differed by a smal l amount, approximately an a i r 
dose of 1 m r . On the other hand, the ranges from maximum to minimum 
for each group and for the total subjects observed revealed a significant 
var iance that precluded any accura te predeterminat ion of an individual sub­
j ec t ' s exposure . Insofar as the phototimer operates on a density principle, 
the physical cha rac t e r i s t i c s of the subject determine to a grea t degree his 
or he r exposure . F r o m observat ion of the 100 subjects sampled, it was 
noted that a la rge percentage of exposures were around the average of 
11.81 mas (lO mas - 13 m a s ) . The remaining subjects, above and below the 
average exposure , dis t r ibuted equally in percentage but not in spread, thus 
producing a nonsymmetr ica l distr ibution curve (see Figure 9), which was 
not expected. 
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A study of the data from the th ree exposures given to one male sub­
ject revea l a significant var ia t ion in the dose received. In this par t icu la r 
ca se , the inspi ra t ion dose was l e s s by a factor of 0.625 than the expiration 
dose . Although only one such determinat ion was made, it is reasonable to 
expect that for any individual this type of var iat ion would be noted. 

The exposure a subject r ece ives is a function of the body density at 
the t ime of exposure and is de te rmined by the photot imer. This density can 
be var ied by inflation and deflation of the lungs which, in turn , changes the 
configuration of the r ib cage. This impl ies that two consecutive exposures 
to an individual will not n e c e s s a r i l y resu l t in identical dosages . 

The r e su l t s of the observat ion of film packets , placed at points of 
in te res t on the body of one male subject, verified the previously expected 
a i r doses as r eco rded by the thimble c h a m b e r s . These r e su l t s also indicate 
the degree of the body attenuation encountered, due to a p o s t e r i o r - a n t e r i o r 
chest radiograph, while this type of unit is operating under the previous 
descr ibed condit ions. 

CONCLUSION 

The r e su l t s of the study of this diagnostic X- ray facility and of all 
personnel involved revea led nothing that could be considered as ex t r eme . 
There is some doubt as to the accu racy of the film exposures because of 
possible e r r o r s in extrapolat ion of the 85-kvp curve below 24 m r , latent 
image fading, and interpolat ion of thimble chamber read ings . It is felt that 
the overa l l e r r o r due to these factors is re la t ively smal l , and therefore no 
at tempt was made to de te rmine accura te ly the finite quality of this e r r o r . 
The r e su l t s obtained indicate that , when this facility is opera ted under n o r ­
mal condit ions, the exposures rece ived by operating and subject personnel 
in the facility do not approach p e r m i s s i b l e radiat ion exposure levels r e c o m ­
mended as max imum by the National Committee on Radiation Pro tec t ion . 


