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Evaluation of Radiation Exposure to Nurse on Nuclear
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Radiation exposure management has been strictly regulated for the radiation workers, but there are only a few
studies on potential risk of radiation exposure to non-radiation workers, especially nurses in a general ward. The
present study aimed to estimate the exact total exposure of the nurse in a general ward by close contact with the
patient undergoing nuclear medicine examinations.

Radiation exposure rate was determined by using thermoluminescent dosimeter (TLD) and optical simulated
luminescence (OSL) in 14 nurses in a general ward from October 2015 to June 2016. External radiation rate was
measured immediately after injection and examination at skin surface, and 50 cm and 1 m distance from 50
patients (PET/CT 20 pts; Bone scan 20 pts; Myocardial SPECT 10 pts). After measurement, effective half-life,
and total radiation exposure expected in nurses were calculated. Then, expected total exposure was compared
with total exposures actually measured in nurses by TLD and OSL.

Mean and maximum amount of radiation exposure of 14 nurses in a general ward were 0.01 and 0.02 mSyv,
respectively in each measuring period. External radiation rate after injection at skin surface, 0.5 m and 1 m
distance from patients was as following; 376.0+25.2, 88.1£8.2 and 29.0£5.8 £ Sv/hr, respectively in PET/CT;
206.7+£56.6, 23.144.4 and 10.1+1.4 1 Sv/hr, respectively in bone scan; 22.5+2.6, 2.4+0.7 and 0.9+0.2 z Sv/hr,
respectively in myocardial SPECT. After examination, external radiation rate at skin surface, 0.5 m and 1 m
distance from patients was decreased as following; 165.3+22.1, 38.7+5.9 and 12.4+2.5 /£ Sv/hr, respectively in
PET/CT; 32.1£8.7, 6.2+1.1, 2.840.6, respectively in bone scan; 14.0+1.2, 2.1£0.3, 0.840.2 x Sv/hr,
respectively in myocardial SPECT. Based upon the results, an effective half-life was calculated, and at 30
minutes after examination the time to reach normal dose limit in ‘Nuclear Safety Act’ was calculated
conservatively without considering a half-life. In oder of distance (at skin surface, 0.5 m and 1 m distance from
patients), it was 7.9, 34.1 and 106.8 hr, respectively in PET/CT; 40.4, 199.5 and 451.1 hr, respectively in bone
scan, 62.5, 519.3 and 1313.6 hr, respectively in myocardial SPECT.

Radiation exposure rate may differ slightly depending on the work process and the environment in a general
ward. Exposure rate was measured at step in the general examination procedure and it made our results more
reliable. Our results clearly showed that total amount of radiation exposure caused by residual radioactive
isotope in the patient body was neglectable, even comparing with the natural radiation exposure. In conclusion,
nurses in a general ward were much less exposed than the normal dose limit, and the effects of exposure by
contacting patients undergoing nuclear medicine examination was ignorable.
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Fig. 1. MKS—05(Ecotest, Kyiv, UA) were used.
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Table 1. The Equivalent Dose (mSv) Exposure Measured with TLD

TLD Badge No. Ward Depth dose (mSv) Skin dose (mSv)

TEST 1 10686 ER 0.01 0.01

TEST 2 8030702 Siw 0.01 0.01

TEST 3 21619 52w 0.01 0.01

TEST 4 1009682 61w 0.01 0.01

TEST 5 10747 62w 0.01 0.01

TEST 6 23377 7w 0.01 0.01

TEST 7 509453 72w 0.01 0.01

TEST 8 3005152 81w 0.23 0.23

TEST 9 1003816 82w 0.01 0.01

TEST10 5158 91w 0.01 0.01

TEST11 4001509 92w 0.01 0.01

TEST12 200177 101w 0.01 0.01
71l = Al Aol 2 AL FAVI BASH AW U BEAN G0 1Yol 42
& AFER71E o gotel 2ok ER Bxje) Bl FHE1M STk BB 15A) 14523872 Ueo] o
o AR 2R 4 e SRl A A G SATLD)SE A0S 25 2015
S91L 018 AAISI] A2 Aol uiet GBAVLESIA 108 1990 2016 68 300719 5 S
L EYAE A, BYATF AN GEARE S ok FBRHYAY WEL IS ST BEIA
A % Gl S EE o Zate] A7 AN Fs BASE JRste] elon BEE Ee uhm 24T 7| A RAHy
oAkt oluf 11 AR AIZEE: B2 o 2 1024 71 v ES BT o= FAA o = AS T ghof A dxt of
Shar 7 2] Xk 2ol 2Rt W2t 53l w2 7Hg 5o 1.2 mSv, v} 2F 0.1 mSvE A| 2|3t grojtt
FHo| A} AFFER st o] A ALt vEFe 93
A A(TLD) R} A A A(OSL) = 78 % W52 AL g
=9 AA| & v &=kt v]a shyich

1) BApe] ol alskE 2%
PET/CT 20, Bone scan 207, Myocardial SPECT 1052
OALO.R WAL lokE AL 430k B HR 5 24] A3
= AAIE T103E A5 32H, 50 cm, 1 moj|A] 33]4 7|55}
gick. Aol AALES (A = (275G ) x 24l
A oz skglom 9] AZHBG) 0.3 1Sv/h, 14 IAKF)
1092 SR} o) 5 Al o alekEe] Aake n)
Hoz § RIS EEatol A7) e Bxhe] A
& A4 sk

o
o 2 5
by o
L
<o
- 2 P
N o~
T
ol 1o
&
% &
N _11)1.
4o o
ol
o
2
N
o
offt
=2
o

o 1o o
O
ot

oft

S S

£m9ui£

74I(TLD)% 28 E 2 51GIcH(Table 1). 15
Fo Lh2 ol A 75} 5} 8l ofatat 7]

*
c,>4
e

o

1. BiRfo) QRS £ Znt Y M| TKs x4

oll-ef

PET/CT A= 2RO A] Bt 9.5 mCio] ®AY 2] of&o]
Fo B AL, HAFFETHA O] Fat AT TAIZE3620]
2 Q =1l Bone scan AAR= ol A H+t 27.6 mCie] |
A elotgol ol 9L, AL SRR o) Bt ATHAIZHS
4A]7F475-0] 4 @ E]?ITh Myocardial SPECT+= 4 4.1 mCi
o] pApi el okEo] ol E|9l T AARER 1A H ATHA]
7HE 4417 440] 2R3k,

ofst AALE A8 9 Bh0] MBS 0m, 0.5 m, I m
78] <=0 & PET/CT:=376.0+25.2, 88.148.2, 29.0+5.8 1 Sv/hr

©]31 Bone scan2206.7+56.6, 23.1+4.4, 10.1£1.4 4 Sv/hro] 1L
Myocardial SPECT+= 22.542.6, 2.4+0.7, 0.9+0.2 Sv/hro|t},
ESF AAE A e 5 23 AHFES0m, 0.5m, I m AT
40 & PET/CTE 165.3422.1, 38.7+5.9, 12.4+2.5 1 Sv/hr O]

46



|

AHE - 052 - 9IS - AR - 258 - UM - 1S - AT YALY SOIRAS 013t oISl ZAIAT S ZIBAI0] HAR AR T}

1 Bone scand 32.1+8.7, 6.2+1.1, 2.840.6 ySv/hro]il 274v4, 217+ & ©F 40074, Myocardial SPECT+= HARER 0.5
Myocardial SPECT+= 17.74+4.3, 2.140.3, 0.840.2 1 Sv/hro]th. A|ZF 3 ok 3559, A7 & 2k 3727, 2A]|7F & 2F 413 ok
A FHOM O] MFES ulgto # QRS EE&3t gt HEISAT SR 19 AT 1054 48190
L2 PET/CT+= ©F 845, Bone scan ©F 109, Myocardial slx}eto] Agl= 3t Wasl2 S 7451 0 mof| A
SPECT= ©F42320|cTable ). FAIER 308 # 22l et of ekE= ATk, Allol] ALS8 2173} 72l v

Ao 4] A= YRRl ARt 7kA] skt de= HpR o g HAT gro 2 AA| XA o ol A=
AZFS U718 18R] ¢l Hax 0 & AlAKSHA PET/CT 4 A0 8 AYZrEm wheba] A2)7Hs St AR 2= T

=0m,0.5m, 1 m A &2 & 7.94|7L, 34147k 106.8A]) 7+
o] Bone scan 40.4A)7F 199.5A]17F 451.1A)7ko]aL
Myocardial SPECT+= 59.2A]7F, 519.3A|7F, 1313.6A]7F o]tk
(Fig. 3).
glo} e ATz 2haAte] Q7818 A2 7hs BAE
Qlulo] 3]-9-7] 291 9171 1 mSvof| 2o ]/\}o}tﬂ PET/CT=
HARER 0.5A17F 3 0F 4678, 1A]7F 5 2F 607, 241+ - ©F 98
™, Bone scana HARER 0.5A)7F & oF 2269, 1A|7F 3 oF

19 71 0 & | AFEITHTable 3).

&El

© -I°

Table 2. Dose rate by distance after injection and after examination

Dose rate after injection Dose rate after examination
(mean£S.D.) (Sv/h) (mean£S.D.) (1Sv/h)
(m%::rfii?g.i)‘?r;y&) Om 0.5m  Im Elafzfzi;ime Om 0.5m  Im TefP*(min)
PET/CT 9.5+0.6 ?Zggi 88.1+£8.2 22:?: 96 lg;ii 38.7+£5.9 1;:;& 84
Bone scan 27.6+1.7 Zggzi 23.1+4.4 1(1):411i 287 3;:? 6121i 2082[ 109
B R VA A O VI

*Teff=Effective half-life

Table 3. Estimation of the number of patients allowed to the exposure limit of the general population by calculation using effective

half—life
After 0.5 hour After 1 hour After 2 hours
Om Allowable  Number of Om Number of Om Number of
. . Allowable . Allowable .
(mean+S.D.) time per year patients (mean+S.D.) time per vear patients  (mean+S.D.) time per vear patients
(Sv/h) (hour) allowed  (4Sv/h) PEEYEAr llowed  (uSv/h) PELYEAr allowed
+ +
PET/CT 1291 7.9 46 100.08+1 9.9 59 61.4+8.2 16.3 97
17.3 35
Bone scan 26.5+7.2 37.7 226 21.946.0 45.6 273 15.0+4.1 66.6 400
Myocardial
-+ + +
SPECT 16.9+4.1 59.2 355 16.14£3.9 62.1 372 14.543.5 68.9 413
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Fig. 3. It shows the dose rate by distance after injection and after examination.,
Table 4. The Equivalent Dose (mSv) Exposure Measured with TLD (OSL)
. . . Calculated annual
Dosimeter Period Equivalent Dose (mSv) equivalent Dose (mSv)

Nurse 1 TLD 4Q 2015 0.01 0.04
Nurse 2 TLD 4Q 2015 0.01 0.04
Nurse 3 TLD 4Q 2015 0.01 0.04
Nurse 4 TLD 4Q 2015 0.01 0.04
Nurse 5 TLD 4Q 2015 0.01 0.04
Nurse 6 OSL 1Q 2016 0.01 0.04
Nurse 7 OSL 1Q 2016 0.02 0.08
Nurse 8 OSL 1Q 2016 0.01 0.04
Nurse 9 OSL 1Q 2016 0.01 0.04
Nurse 10 OSL 2Q 2016 0.01 0.04
Nurse 11 OSL 2Q 2016 0.01 0.04
Nurse 12 OSL 2Q 2016 0.01 0.04
Nurse 13 OSL 2Q 2016 0.01 0.04
Nurse 14 OSL 2Q 2016 0.01 0.04
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