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bifeciive Dose Evaluation of

Angiography Staff

Kanae Nishizawa, Takashi Maruyama,
Makoto Takayama, Shintaro Dono
and Yoshiro Furuya

The effective doses received by staff members
involved in angiographic examinations were deter-
mined using data compiled on radiation doses
obtained from monitoring personnel and phantom
measurements. Thermoeluminescence personnel
monitors were used to evaluate the personal doses
received by the staff during radiological proce-
dures. Organ or tissue doses were determined by
using phantom measurements in which a RANDO-
woman phantom was used to simulate geometric
conditions during actual angiographic examina-
tions.

The annual effective dosage received by
radiologists was estimated to be 8 to 9 mSv per year
when they wore a lead-rubber protector. When this

protector was disregarded, their annual effective
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doses frequently went beyond the annual limit of 50
m>v. The surface dose to the female abdomen per
ten months was estimated as 1.7 mSv. Thus, care

should be taken by women staff members.
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Assistant Operator Technician Nurse 1 Nurse 2
Fig.1 Used X-ray condition during the monitoring period
Table 1 Occupation time in X-ray room
Total number of (A) min (B) min Exposed ratio in
monitored staff the room (B/A)
IA v 1A v A v
Assistant 14 115.1 8.9 108.6 2.6 0.943 0.292
Operator 16 132.2 10.6 126.5 2.0 0.957 0.518
Radiological
adiologica 16 1322 106 27.7 6.4 0.209 0.603
technician
Nurse 1 10 90.4 b 82.6 3.4 0.913 0.567
Nurse 2 16 132.2 10.6 126.4 6.3 0.956 0.594

IA : Intraarterial Angiography

IV : Intravenous Angiography

A : Cumulated time in which X-ray irradiation was carried out for examination during the monitoring period.

B: Cumulated time in which staff occupied in the X-ray room for the examination during the monitoring

period.
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Table 2 Cumulated dose during monitoring period of 2 weeks (mGy), all figured are

normalized to 100 mAs

measured site Assistant  Operator Technician Nurse 1 Nurse 2
QOccipital region 3.41 1.99 1.61 0.69 0.37
Neck 3.78 10.72 5.74 1.18 0.75
Temple (r) 1.11 1.17 4.34 (.98 0.76

(0] 4.87 7.711 5.77 1.40 0.94
Back of the hand (r) 1.21 1.72 6.29 (.65 1.19
(1) 6.97 13.19 19.70 .50 0.68
Chest n 0.27 1.30 0.20 == 0.09
Abdomen 0.13 0.37 0.15 0.04 0.05
Upper arm (r) 3.24 9.41 3.71 0.54 0.72
n 5.66 214 9.12 0.85 0.77
Back (r) 0.12 0.08 0.15 0.04 0.09
1] 0.20 .28 0.26 0.04 0.08
Waist (r) 0.14 (.08 0.06 0.02 0.05
1] 0.15 (.38 0.04 0.03 .08
Femur (inside) 0.49 (.66 2.55 = 0.08

(r): right (1) : left

(IA) 13 134, #EEgMRMEINEFEERE (V) 12
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L0, i & Bl 2 0ATREITHANE Z
EDBHBIzHTHBE, KPA/BIZ1IHRESLZY
DFEAR X R TR 39 5 EOEFE ORI
ERH DT, RAePEBICHEEL T 2FHEO

90

#H4&THSB, Fig 2iclilERM o £fEE %,
Table 2 iz Fig.1 @ mAs @ & it o 5, 100mAs
BizNic /—=TF4 XLzBmERL L.
MAZEIC BT 2 22 EEE L v TREER
SAR O FMEFER % Fig. 3lcam Lz, BHFF
FXBENELEOME, O, A, Nixfis, B
F, BEGONOBEBLFONBTHE, ETD
1 0.83uSv/min (2§54 7 2D v & = D
THY, FrEHAVEE () WD0.024Sv/min
[ 72 O
(2) SYF77>rboLlcL 3l

HAEREKRS H54%E H75



P ok Ml 4 £

Table 3 Organ or tissue dose
malized in 100 mAs)

of Rando-phantom (nor-

Dose (¢Gy)

665

Bm Fig.3 Dose distribution of
Electric Apparatus examination room (in
— mSv/min)
Tube voltage ; 80kV, Tube
\ /1 current ; 0.2mA, Height
4.5m 9.8 \ form the floor ; 116cm. F is
the position of X-ray focus
Gantry e Patient table :| and O, A, N are standing
s position of Operator, Assis-
150.4 \ \ tant and Nurse. The lead-
Paaciolass / ¢lass screen made the dose
sereen ~5 o value decreasing from 0.
\ ~ 3 \ Al 83mSv/min  to  0.02mSv/
N\\ ) \ min.
°
0.83 Entrance
Locker (0.02) /
'\-\-.___-‘1
Desk Uacker I HSv/min

Table 4 Surface dose of Rando-phantom, in mGy

(normalized in 100mAs)

with protector

Organ or tissue  without protector with protector Site Without protecter .
- open inside
Ovary 3.16 0.28
Testis 7.00 1.22 Occipital region 2.42 1.98
Red bone marrow 6.02 1.57 Neck 24.9 24.9
Colon 9_3?? 0.60 Temple (r) 3.26 3.65
Lung 6.59 2.33 ) 3156 47.4
Stomach 15.71 0.92 e ' '
Bladder 6.62 0.42 Femur (inside) 10.81 1.97
Breast 217 0.93 Abdomen (r) 5.18 0.19
Liver 7.66 0.42 m 1868 1.00
Esophagus 6.92 1.15 Chest (r) 16.11 0.18
Thyroid 21.3 6.39 1)) 29.5 1.61
Bone surface 334 8.41 Back (r) 1.69 0.23
Slan™ 33.2 7.78 O 291 0.41
Spleen 12.89 1.28 Waist ) 093 0.11
Thymus 9.51 1.48
Uterus 6.40 0.21 @ 8l . 437
Ridney 819 0.55 Shoulder (r) 1.42 .26
Pancreas 6.35 0.61 (1) 34.9 50.1
gdf}‘f“al gland g;z ?2; Back of hand (1) 211 211
rain 29 5.
----------------------------------------------------- 1)) 16.2 16.2
Effective dose Male 10.20 1.61 :
(Sv) Female 9.42 1.43 Mean 332 773
Lens Right 15.06 14.9 r: right, 1: left
(2 Sv) Left 37.9 41.3
* For male, the remainders are 6 organs without the
Uterus.
** Calculated from the surface dose in Table 4
R 646 H 25 A 91
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Table 5 Mean exposure time per examination
(a) Total mumber of examination during the 3 months and mean irradiated per examination

Method 1A IV
Number of examination 85 22
Mean irradiated fime 135+9.44 5.044.91
(min)/Examination
(b) Real exposed time per examination
1A v

min mAs min mAs
Assistant 12.7 1295.4 1.46 120.9
Operator 12.9 1292.6 2.59 251.7
Radiological technician 2.82 2233 3.02 320.7
Nurse 125 12:30. 2.90 317.8

IA : Intraarterial Angiography

gz o MELR I bz X EED
B2 80KV THIsE L 72,

100mAs %572 ) O £ a0 #t i # Table 3
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IV : Intravenous Angiography
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Table 6 Equivalent dose and effective dose

per 100 mAs per examination 3 months per year
1A 1\Y IA+IV
Worker Exposed site uGy uGy pGy mGy mGy
Lens (Left) 4.24 54.9 5.13 5.79 23.14
Thyroid 0.98 12.69 1.18 1.34 5.35
X Back of the hand 1.21 15.67 1.46 1.65 (.60
BMiBtany e ar (Lett) 5.66 733 6.84 772 30.89
Chest (Surface) 0.27 3.50 0.33 0.37 1.47
Abdomen (Surface) 0.13 1.68 0.16 0.18 0.71
Lens (Left) 6.72 86.9 16.91 9.37 37.48
Thyroid 2.77 35.8 6.97 3.86 15.45
Back ot the hand 1.72 22.2 4,33 2.40 9.59
Upper arm (Left) 21.4 a77. 53.9 29.84 119.35
Chest (Surface) 1.30 16.80 3.27 1.31 7.25
Operator B
Abdomen (Surface) 0.37 4.78 0.93 0.52 2.06(1.72)*
| ale 1.61uSv 20.81.Sv 4.05uSv 24mSv 8.98mSv
(with protector) i )
. Female 1.11xSv 14.35uSv 2.79uSv 1.99mSv 7.98mSv
Effective dose =~  =-=====m==mmmmm e e e
i Male 8.23uSv 106.4 uSv 20.7 uSv 11.48mSv 45.90mSv
(without protector) I !
Female 7.61uSv 98.3 uSv 19.20Sv 10.61mSv 42.44mSv
Lens (Left) 5.03 11.23 16.13 1.56 6.24
Thyroid 1.48 3.30 4.75 0.46 1.84
Radiological Back of the hand 6.29 14.05 20.2 1.95 7.80
technician Upper arm (Left) 9.12 20.2 29.3 2.83 11.32
Chest (Surface) 0.20 0.45 0.64 0.06 0.25
Abdomen (Surface) 0.15 0.33 0.48 0.05 0.19
Lens (Left) 1.02 12.55 3.24 1.37 5.49
Thyroid 0.25 3.08 0.79 0.34 1.35
Nurse Back of the hand 0.92 11.32 2.92 1.24 4.95
Upper arm (Left) 0.81 9.96 2.57 1.09 4.36
Chest (Surface) 0.09 1.11 0.29 0.12 0.48
Abdomen (Surface) 0.05 0.62 0.16 0.07 0.27

() *: the value is for 10 months.
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