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Abstract: [ Objective | To evaluate the radiation prevention of X-ray baggage inspection system and possible exposure
doses received by the public and the security officers in Shanghai subway stations, in order to provide basic data for radiological
health protection and management. [ Methods ] Nineteen X-ray baggage inspection systems were randomly selected from 6
subway stations in Shanghai to detect the air kerma at 0.05 m from the external surface and at various distances and angles from
the inlets and outlets of the inspection system (including spots where passengers and the staff could stand). [ Results ] The
monitoring results at the staff position, the passenger channels, the X-ray machine upper covers, and the X-ray machine covers facing
passenger flow showed no statistical difference with the local environmental background level (P>0.05). At all the 5 sampling spots
of the systems inlets and outlets, the air kerma rates at the lower positions were recorded the highest value, with 3 out of 19 systems
above the national protection standard; and the middle position showed the second highest, with 2 systems above the standard. The
average air kerma rates at the surface of inlets and outlets were 1.585 nGy/h and 0.248 uGy/h, both of which were significantly higher
than the local environmental background level (P <0.001), but still within the limit of 5 uGy/h. With the distance and angle increasing,
the air kerma rates were gradually reduced. When the distance was 5 m and the angle was 90° from the center of the sampling doors, the
radiation intensity was close to the local environmental background level. [ Conclusion ] The possible level of radiation leakage of
X-ray baggage inspection system is low and poses minor health hazard to the public and the security officers, but the current inspection
protocol doesn’t meet the radiation exemption requirements, and therefore need to strengthen the X-ray inspection management.
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Table 1 Comparison of air kerma rates at different positions of
system external surface and system vicinity

iRl ATS Mo P

Monitoring position Number Median Pas~Prs ! P
ER(INGE(E 19 0.128 0.116~0.137  1.809  0.128
Staff operating position
P 19 0.131  0.126~0.139  2.339  0.098
Passage channel
RG] 19 0.128  0.119~0.134  1.509  0.149

X-ray machine covers facing

passenger flow

REAN 19 1.585 1.337~2277 7.213 <0.001
System inlet

EX ne| 19 0.248  0.229~0.407 4425 <0.001
System outlet

R4 b 19 0.118 0.108~0.127 -0.180  0.859
System upper cover

AR 19 0.125 0.117~0.131  — —

Environment background
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Tz W I 35 3] 12.800 pGy/h, A5 3 4 HL &% 3o
CRRUE Y B E FRAE (5 uGy/h ), BARE N 15.8%; %
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Table 2 Air kerma rates at external surfaces of system inlets and outlets

e Wit PO KR o wEE Wi
Monitoring position Number Median Maximum Number of positions exceeding limits ~ Rate of positions exceeding limits

FGEA M ( System inlet )

Zi(Left) 19 0.344 1.798 0.264~0.611 0 0.0

i1 ( Middle ) 19 2.600 8.690 1.380~4.010 2 10.5

47 (Right ) 19 0.426 2.990 0.328~0.829 0 0.0

= (Upper) 19 0.345 0.922 0.280~0.677 0 0.0

T (Down ) 19 4.020 12.800 3.080~4.920 3 15.8
Z4H 1 (system outlet )

7 (Left) 19 0.244 4.822 0.210~0.302 0 0.0

1 ( Middle ) 19 0.283 0.579 0.242~0.360 0 0.0

47 (Right ) 19 0.246 1.020 0.213~0.353 0 0.0

- (Upper) 19 0.250 0.711 0.204~0.316 0 0.0

F (Down ) 19 0.325 0.736 0.251~0.429 0 0.0

[ VE L8 %M TR 4 0.001 uGy/h( The detection limit of the device is 0.001 pGy/h ),
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Table 3 Air kerma rates at different distances and angles of system inlets and outlets

W Wi ohow L L Wi R o
Monitoring position Number Median Monitoring position Number Median

ATT0.05m( Inlet 0.05m ) 19 2.600 1.380~4.010 HF10.05m( Outlet 0.05m ) 19 0.283 0.242~0.360
A Im(Inlet 1m) 19 0.863 0.522~1.240 H T 1m( Outlet 1m) 19 0.173 0.152~0.268
A 2m( Inlet 2m ) 19 0.334 0.232~0.503 1 2m( Outlet 2m ) 19 0.147 0.138~0.195
A 5m( Inlet 5m) 19 0.158 0.145~0.178 H 1 5m( Outlet 2m ) 19 0.142 0.133~0.161
AFT0°( Inlet 0°) 19 0.863 0.522~1.240 H 1 0°( Outlet 0°) 19 0.173 0.152~0.268
A 130°( Inlet 30°) 19 0.315 0.267~0.657 HF130°( Outlet 30°) 19 0.151 0.145~0.190
AT 60°( Inlet 60°) 19 0.153 0.141~0.180 H 1 60°( Outlet 60° ) 19 0.146 0.141~0.161
AF190°( Inlet 90° ) 19 0.138 0.135~0.151 H F190°( Outlet 90° ) 19 0.143 0.139~0.147
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