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Abstract

The use of ionizing radiation in medical applications involves not only a risk for the patient, but also for the staff
which executed the related examinations. The dose to the forehead, neck, fingers and wrist of a radiologist and
an assisting nurse were measured with thermoluminescent dosimeters during angiographic and digestive
examinations respectively. Dose to eye lenses and effective dose were estimated for a working period of one
year. Effective doses were under the established limit of 20 mSv per year. Nurse eye lens dose was higher than
the limit of 150 mSv. Differences of a factor of 3.8 were observed between nurse and radiologist doses.
Angiographic procedures are considered as high risk examinations, however, digestive examinations can have a
higher risk than interventional procedures.

1. Introduction

The use of ionising radiation in the imaging of body tissues for diagnostic and therapeutic
purposes, involves not only a risk for the patient, but also for the staff which executes the
related examinations. These risks can be stochastic or deterministic, and may appear minutes
or years after the irradiation. Some examples of these radiation-related effects in x-ray
workers are: skin cancer, an elevated incidence of leukaemia in radiologists, and radiation
cataractogenesis [1]. In the following study, the dose to the forehead, neck, fingers and wrist
of both radiologist and assisting nurses have been measured during angiographic and
digestive x-ray examinations. From the data collected, the dose to the lens of the eye and the
effective dose have been estimated for a working period of one year. Results have been
compared with established limits for workers [2]. The related risks have been evaluated in
order to establish adequate safety measures.

2. Materials and methods

The angiographic examinations were carried out in a digital x-ray unit Siemens Multiskop
equipped with C-arm undercouch tube, high frequency generator, digital processing system
and carbon fiber table. No bucky is present in the equipment. All of the examinations but one
were executed in the same operation mode: fluoroscopy mode "normal", dose level "normal"
(500), 3 frames per second. The dose level "low" (200) was used for the blood sampling of
the parathyroid glands.

The digestive examinations were executed in a General Electric Prestilix 1600X DRS unit
equipped with overcouch tube and high frequency generator. Both digital and conventional
radiographic techniques were used.

The entrance surface dose (ESD) at different positions of the body was measured with
thermoluminescent dosimeters TLD 100-H (LiF: Mg, Cu, P; Harshaw Solon). A black
polyethylene sachet containing one dosimeter was placed on the forehead and neck (on the
thyroid collar, at the external surface) of the radiographer and the assisting nurse. For the
assisting nurse the dose to the fingers and the wrist (right hand) was also measured. For the
fingers, a plastic ring was used to hold the sachet. The TLD chips were calibrated in-air with
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a Siemens x-ray unit equipped with tube and high frequency generator . The tube potentials
selected were 70 kVp for the angiographic procedures, and 81 kVp for the digestive
examinations. The chips were read in an automatic Harshaw 5500 reader and annealed in a
PTW-TLDO oven. The precision of the group of dosimeters was 6% at 11.4 mGy. The
individual sensitivities did not differ by more than 17% from the mean sensitivity of the
whole group of dosimeters.

The effective dose was estimated conservatively from the measured doses at the forehead and
at the neck (over thyroid collar) using conversion coefficients calculated by Faulkner [3].
These coefficients depend on the position of the x-ray tube with respect to the table, the
energy of the beam, and the position of the dosimeter in the body.

3. Results and discussion

The mean number of exams per day carried out by both radiologist (4 exams) and assisting
nurse (3.5 exams) were determined to estimate effective dose and eye lens dose for a working
period of one year (840 exams radiologist, 735 exams nurse).

The measured values of ESD to forehead and neck are given in Table I (radiologist) and Table
II (nurse). Fluoroscopy time and number of frames per type of examination are also given.
The values of effective dose and dose to the lens of the eye are shown in Figure 1 and 2. The
mean values were determined from the mean dose per examination calculated from all of the
examinations. Minimum and maximum values were determined from the minimum and
maximum doses per type of examination, from the type of examinations with the lowest and
highest mean doses.

In Table III the results of the measurements of dose at fingers and wrist levels of the assisting
nurse are summarised.

Table I. Doses at forehead and at neck (over thyroid collar) of a radiologist executing
interventional procedures. The number of examinations executed is given between brackets

examination
type
AC-IM (9)

AC-HNV (12)

Angioplasty (2)

CT-AMS (3)

diverse (11)

total (37)

min - max
mean ± stdev

mean ± stdev
min - max
mean ± stdev
min - max
mean ± stdev
min - max
mean ± stdev
min - max
mean ± stdev

fluoro time
(sec)
156-288
197
78 - 564
314
492 - 522
507
162-204
183
108-2286
468
78 - 2286
407

# frames

150-459
262
99 - 278
188
55-88
72
225 - 390
320
87 - 508
257
55-508
247

dose forehead
(mGy)
0.06-0.13
0.10 ±0.03
0.03 - 0.09
0.06 ± 0.02
0.04 - 0.05
0.04 ±0.01
0.11-0.15
0.12 ±0.02
0.02 - 0.27
0.05 ± 0.04
0.02 - 0.27
0.08 ±0.05

dose neck
(mGy)
0.10-0.31
0.19 ±0.07
0.04-0.14
0.09 ± 0.03
0.10-0.18
0.14 ±0.05
0.28 - 0.40
0.35 ±0.06
0.03-0.33
0.11 ±0.09
0.03 - 0.40
0.16 ±0.1

AC-IM: aortic cross-inferior members; AC-HNV: aortic cross-head and neck vases; CT-ASM:
coeliaque trunk- mesantic superior artery, min: minimum; max: maximum; stdev: standard deviation.
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Table II. Measured doses at the forehead of an assisting nurse executing digestive examinations.
The number of examinations executed is given between brackets

examination
type
barium enema double contrast (14)

barium meal (5)

swallow (4)

small bowel study via
nasoduodenal administration (10)
barium enema single contrast (4)

oesophagus(1)

defaecography (1)

small bowel study via oral
administration (1)
fistulography (1)

all examinations (41)

min - max
mean ± stdev
min - max
mean + stdev
min - max
mean ± stdev
min - max
mean
min - max
mean ± stdev
min - max
mean
min - max
mean
min - max
mean
min - max
mean
min - max
mean + stdev

fluoro time
(sec)
b

403
b

321
b

46
b

1045
b

246
b

134
b

87
b

553
b

113
b

328

# frames

12- 15
14
33-63
51
41 -66
57
37-70
53
8- 14
11
18-53
40
30-50
40
19-40
36
9-17
13
8-70
35

dose forehead
(mGy)
0.25 - 0.79
0.50 ±0.1
0.24 - 0.85
0.43 ± 0.3
0.05 - 0.24
0.15 ±0.1
0.11 -0.42
0.25
0.15-0.23
0.19 ±0.04
a

0.15
a

0.23
a

0.23
a

0.11
0.11 -0.85
0.34 ±0.2

' not applicable, values not given, min: minimum; max: maximum; stdev: standard deviation.

Table III. Measured values of entrance surface dose (ESD), and calculated values of absorbed
dose at fingers and wrist (extrapolated for one year period)of an assisting nurse in digestive
examinations

ESD at fingers
mGy

0.07
0.50
0.26 ±0.2

ESD at wrist
mGy

0.08
0.68
0.32 ± 0.2

absorbed dose
fingers
(one year period)
mSv

55.4
395.4
206.8

absorbed dose wrist
(one year period)
mSv

63.3
537.8
255.3

minimum
maximum
mean ± stdev.
stdev, standard deviation.

4. Summary of conclusions

Differences of a factor of 3.9 for the dose to the lens of the eye, and 3.7 for the effective dose
were observed between assisting nurse and radiologist (the latest with the lowest doses). Mean
effective dose for both radiologist and nurse was under the limit of 20 mSv per year [4].
Mean and maximum radiologist eye doses were under the limit of 150 mSv per year [4].
However, the nurse eye lens doses were higher than the established limit (Figure 1). The risk
involved is the formation of cataracts, which is a late deterministic effect (symptoms appear
many years after the irradiation). The mean dose to fingers and wrist estimated for one year
were under the limit of 500 mSv for skin.

354



IAEA-CN-85-49

(a) (b)

30 -

25 ] Nrrit

20 -!

15 -i

10 -

5 -j

0 - I - -

minimum

nrcddogst

mean maximum

scssisting nurse
minimum

O rcddcgst

mecn mod mum
nasisting nurse

Figurel. Effective dose(a) and dose to the lens of the eye(b) estimated for a period of one year
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Figure 2. Relation effective dose estimated from dose at forehead/ effective dose estimated from
dose at neck level.

To analyse the differences between effective dose estimated from doses at the forehead and at
the neck level, the relation between the ED forehead and ED neck was plotted in a graphic
(Figure 2). It can be observed that, with the exception of TC-MS and angioplasty procedures,
differences up to a factor of 4 exist for the different examinations. This suggests the use of
two dosimeters in lieu of one for the estimation of effective dose of personnel executing high-
risk examinations [4,5,6]. Both the NCRP and the ICRP recommend the use of two
dosimeters for the monitoring of workers wearing a protective apron: one over and one under
the apron. The interpretation of the combined results is dependent on the local irradiation
conditions and any regulatory requirements [7-8]. They also recommend that if only one
dosimeter is used, it should be worn over the apron, high on the trunk. The result will
overestimate the effective dose, but will provide information on the dose to the skin, eye, and
unshielded parts of the body.

Angiographic procedures are considered a type of radiological examinations with the highest
risk for both patient and staff members (especially the radiologist executing the procedures).
However, it has been observed thait digestive examinations can have a higher risk than
interventional examinations, when inadequate equipment and protocols are used (long
fluoroscopy times, large number of frames, overcouch tube). It is not customary for the staff
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to wear protective lead glasses or thyroid collars. But due to the high-risk the personnel
executing these type of examinations are exposed to, the use of extra protective devices have
become mandatory in the radiology department where the study was carried out.

Nevertheless, digestive examination protocols should be re-evaluated in order to make the
necessary changes to reduce the dose to both patient and staff, specially when it is not possible
to make changes in the type of equipment used.
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