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Abstract: [ Objective ]
doses in subway stations of Shanghai. [ Methods ] From August to December 2009, 73 stations were selected randomly from

To systematically assess radon concentrations and environmental terrestrial gamma-radiation

98 stations of Shanghai subway lines, including Line 1, Line 2, Line 4, Line 6, Line 8 and Line 9, which involved underground
sections. Instantaneous radon concentrations were measured with AB-4 radon gas monitor, and environmental terrestrial gamma-
radiation dose rates were obtained with FD-3013H intelligent X/Y radiometer. [ Results | The radon concentrations were in the
range of 1.2-28.4 Bq/m®, with the average of 9.9 Bq/m®, which were significantly lower than the national standard. The environmental
terrestrial gamma-radiation dose rates were in the range of 0.07-0.24 uSv/h, and the average was (0.14 + 0.02) puSv/h, within the
fluctuations of natural background radiation. [ Conclusion | The radiation level in Shanghai subway stations is within natural
background levels, and the radon concentration is obviously below admissible dosage.

Key Words: subway; Shanghai; radiation level; radon; environmental terrestrial gamma-radiation dose rate
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Table 1 Monitoring spots for radiation levels in subway stations, Shanghai, 2009
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Figure 1 Continuous measuring data by radon equipment
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Table 2 Air radon concentrations in subway stations, Shanghai, 2009

SRlI=%

: N ALY - - e

dgs wei PR  psen um

X X . Number of

Line Sampling time L M Pas~Prs Range
monitoring spots

154 8J1FH)

26 13.8 8.7~22.8  3.1~28.4

g o . Line 1  Late August
25 8 © =9 p
~ £ & ° o g OFER 30 89  60-167 3.1-284
=% 20 3 o g . Line2  Early September
£ s g
g o S N o ok i
2L E— 8 g 4559 2 8.9 62~126  3.1~20.6
z o A 8 o § Line4  Mid-September
SRURE I T
X s o 65% 1A LM
< & e =
Mg Q:CB 3 % % & 8 % o Line 6 Early November % W THR=21 825
<& <& <o © 8 ©
< < L=r2
0 ! ! ! J T J J T T 8. 4 ll.H ‘i 30 114 5.8~16.7 1.2~27.4
0 1 2 3 4 5 6 7 8 9 Line 8  Mid-November
HERZE (Line ) 954 12A LA
Line9  Farly D b 12 9.7 7.0~12.5 39~134
N o PN ine arly December
2 2009 F BTG AT SARES T ’
Figure 2 Distribution of air radon concentration ﬁ;’i 156 9.9 70~112 12284
in subway stations, Shanghai, 2009
3 2009 F b AR ETESERE (Bg/m’)
Table 3 Air radon concentrations in different levels of subway stations, Shanghai, 2009
sk U4 G 55— 2 ( The first floor ) 5 G55 2 ( The second floor )
o Kl R AR Fall e bR sk ‘ P
Number of monitoring spots M Pos~Prs Number of monitoring spots M Pos~Ps
154 (Line 1) 9 19.6 8.5~25.0 17 9.9 8.5~20.1 0.781 0.386
254k (Line 2) 13 8.9 5.5~16.7 17 8.9 6.5~15.8 0.204 0.655
4528 (Line 4) 15 8.0 6.2~10.9 17 8.9 6.0~13.8 1.561 0.221
652k (Line 6) 13 9.9 6.5~14.8 13 8.9 8.0~10.4 0.605 0.444
852k (Line 8) 15 6.0 4.1~11.8 15 13.8 10.9~16.7 5.427 0.027
954k (Line 9) 6 12.3 11.0~13.4 6 7.0 59~9.7 11.637 0.007
23 AT IS EE 3 e

XoF TR A5, PRBE R v 4 S R e RG24 3 L 5
AN T, A FE: E A O BB AL ) 1% A 20 )
B3 B FD AL ) AL CEH SRR ); R4 (4
R ); #Euh0 (LRSI ), S50 R0, M5 y iR AT
T2 T B 0.07~0.24 uSv/h, H{E F9(0.14 +0.02 ) pSv/h, 1E
AR STER N, W4,

R4 2009 F LTSk IR AR VIRSTHEZE (uSv/h)
Table 4 Environmental terrestrial gamma-radiation dose rates

in subway stations, Shanghai, 2009

i HGIERF ] A 5 K BB« bR VER

Line Sampling time  Number of monitoring spots Xzts Range

154 8 JITF A

Line 1 Late August 55 0.12+£0.02 0.07~0.17
254 9 kA
Vied Moy et 65 0.14 +0.03 0.07~0.24
454 9 A HA)
113 £ 0. .08~0.

Line4  Mid-September 75 013002 0.08~0.18
654 11H L4
Line 6  Early November & OlBes0R QU0
84 114
Line 8  Mid-November & 015002 0.10~022
954 12/ 1)
Line9  Early December =l S e QI=01E
it

365 0.14+0.02  0.07~0.24
Total

NI AR 15 TR FET R B AR 2 8], e ARG AT (
SRR T PR A AR v AR AT ) i AR T Y 80%
PAb, NCTHR A Rk E T By B2 it A
1 F% it 8RB 287 5 25 1) 30 AR IR I 1 8 4%, L b e A PR AT
Y i A ( RO ) BB At AT R — R
)E: 15]O

S — R R IR P AUA, SR UET 0 B AE B R AR T
PETC R AL L0 TR GE B MR AR L 7R B AR
S S PR AR I DURUR S A M A A R, e 475
S M2 R P A R T 26 AT S P T R B K
R BT 5 R Al 80 AR AR AR AR E 2y
1 80% 1 BRI, TN A B AT K P e A K fek
S R LA T R A 5t 8 B [ P At s DG T B A Sk 1A=
[AF

SRTITHLBRBRE S — A B AR R G, PR R EORIE T
HHEAE TS ORL, ot L3R LA S e 3= 2ok
U, e BT o BLSE A R R A S s T . BT
WA A5y sk T m Bis g, AR R DR X, A
D, ZAT DUAE S A SRS TR B e VR E o 9B T LI A L
ARG T S A KR, LB S B R B AR, R
g s B R EUORTE ), S BOR B 1 MOl A5 (3



+ 410 - SNV BESE 2012 45 7 H 55 29 555 7 8] J Environ Occup Med, Jul. 2012 Vol.29 No.7

BRAe g5 TAEN GRS (TR HE A M 30t T AF | JRAE
TR SR, TREARAZ Lo RA A i R S e . IR, 4
DU A b4 263k TSR 4 S RS ( TR B2 R v St ) A 371 o
K, SR R BN 55 LR N AL T Fe b 542 4 (i
BN, I ] R AR AR S AT R A SR LR 25
LG/

AWFFEF 200948 A FAIE 12 A RAIMIE, X R
e A2 5 IR 5 A0 6 2k LAk £ 5 73 A il s IR BT e
IR (A48 28 SR B RV y @ K7 ) 64T T R G A
5000 G5 I, b T Ak 2k I A5l s R 1 3
54 9.9Bg/m®, FEMEH 1.2~28.4 Bg/m’, Hirh 1 Sk 28 S 4 Mk
JE M 13.8 Ba/m®, B T Hfl Ak 2R i, TS — 54 Ak
BT | KRGS IR A G, EAh, 15 Ll ) > 8 A
T, IR R, AT e S AR T R R R, w]
REARL RS R 15245 3l a5 2 AUk I oo T LAt 2 s 1) D R
Z— o AH 1T 4% ik 2k 6 1) 2 A AUk B 349 B AT [ b
CH B G I e R e A AR ME ) GB 18871—2002 )
o B HEE AR BRURR  A9A T 37K SF(E (200 Bg/m® ) Al
CH N 2 A S R4 TR HE ) GBZ 116—2002) it
PR 25 A1 T 81K 8 (400 Bg/m® ), 1 W] AR T b 50 gk
S (23.5 Ba/m® )7 HbAKEUH B (59.8 Ba/m® )1, K
F T X 120 7 RA S AR 1 IR A 24552 29.8 Bg/m® ) *,
B AR 02 B, 25 i R R Uk B, T
HRAEAHSC SRR T, IRt 2 B 55 SRR v B il s 45 R v A
22 L35 (R B F MU PP AR R, VT M Rk i 25
SRR B E AT 20 Bg/m® (JE R 2.4~56.8 Bg/m”® ), A/}
SbF AR, Ay T e S b A O B I Y
For 2z AT 2L bR R A SR Y 50~460 Ba/m®t | BEA
FI LRI 96~117 Bq/m™ 2| 4 [ MUK 11 18.9~114 Bq/m® 2!, H
T AR A A B S AR AR S A 0 1 10.9 Bg/m?® | 7R
2% (Tehran ) A% 5 Y 14.19 Ba/m® S5 BEAG 45 SRARAL 223,
UEAb, F T 45 Ak B Y PR 38 v A S R B R A TEAR S
KW SRERIN o BRI, T kR 55 A B2 M % T 32 K AR
RS AR AR L ARG R, Bk N 28 A SO AR T R
R 6 4

e T A SR, T T A5 st J5 R — 2 (3
J7O)FM T 2 (5 6 ) S REWRE i 2 5 AR, L,
R 8 SR i N )R A AW S TR —)2 L k9 54k
HIHL R — 228 LR B R TR 2, bt k2R 45 0 o
H R — R R R R SR T 25 5 A kR S,
THUSERECE R AGE /L BT Bl A = R B
iEgh, Uk, H a2 AR, A H
Rl g A R R P B 32 B LG XU i A1, 348 22 31 ka1 4
FEREIEZT TS H T 2RO 7™ A 1% 2 XU S

AWESE R, TGS S W AR LR I 45 0l TR, A
ST 8 RARA R KT, 28 U B W AR T B bRt
FE AR, A2 X Ak T 55 N B3 RS 2 it B B ) i £ 41, {HL
P T T T A2 15 AN A AR B A, AR YRR X i 28] 4
TR R A SR B IR v SRS AR T, il —2

WFIE,

S ABTRAFE] LW AR GE “+— 27 KA
B —— 8 AT R AR R R T8, R B %5 hETH
2008-007, s Beift BB 52 3 R AT PT B AME )T o F S0k
Z VP 35T, B Bt B B MUl sBBE R E8 A TR B Y
e, )

B AR T RSB R F R 5,

S E Lk

[ 1 INational Research Council. Committee on health risks of exposure to
radon( BEIR VI ). Health effects of exposure to radon[ R ]. Washington,
DC: National Academy Press, 1999.

[ 2 JUNSCEAR. United Nations Scientific Committee on the effects of atomic
radiation. lonizing radiation: exposure due to natural radiation sources
[R].New York: United Nations, 2006.

[ 3 JKREWSKI D, LUBIN JH, ZIELINSKI JM, et al. A combined analysis
of North American case-control studies of residential radon and lung
cancer| J ]. ] Toxicol Environ Health A, 2006, 69( 7 ): 533-597.

[ 4 JDARBY S, HILL D, DEO H, et al. Residential radon and lung
cancer—detailed results of a collaborative analysis of individual data on
7148 persons with lung cancer and 14, 208 persons without lung cancer
from 13 epidemiologic studies in Europe[ J |. Scand J Work Environ
Health, 2006, 32( Suppl 1): 1-83.

[ 5 JCHAUHAN V, HOWLAND M, KUTZNER B, et al. Biological effects
of alpha particle radiation exposure on human monoeytic cells[ J . Int J
Hyg Environ Health, 2012, 215(3): 339-344.

[ 6 15pEdE, MM, XA, & 25/ BUIM & 32 UH T INK/SAPK
FIR M BEFELT ] AR AT BE o 5 B A R, 2009, 29(2):
192-195.

[ 7 Jwgds, FEAT, W0y, 48 Juntih ™ Bl SREE K OF B A
NG Z BRI () ). A BR 2 S 465, 1994, 14(6):
401-404.

[ 8 Jakak, S, (T, 4 ) Mk — S R Ak KR BE [ ] ]. A
fhpea Pk, 2003, 23(5): 383-384.

[ 9 JZ&HEC, by, PRI, 55 URIIMAR — I TREAS ok BOBUR K F
ALY ] RS T 2006, 15(4): 474-475.

(10 H 3%, e, skar, S5 . Kt gk 2 42l 2 e 4 /K-8
[T ] P EEEST T4, 2006, 19(2): 201-202.

(11 ki, JREE, GKJ), 55 IEIESCE 35 | S S AL A S
PO ] PR R A SRR, 2006, 26(5): 524-525.

[12] RS H, AR, 2G5 Riph X s S h UK IR [T . S b
#1,2002, 22(4): 246-252.

[ 13 Jrprle A A [ [ 52 St P A S 2 ) . B 18871—2002 1y
EARGT G ARSI A S AKRYE S 1. AbaT bR R,
2003: 188.

[14]rhe CRAEHIE TEFS . GBZ 116—2002 3T 857 AU B 7k d
HBRIEL S 1. Jbnt: FrEpRiE R AR, 2002: 1.

[15 1Rkt , fire . 3 s T IR B Hampi x5 [ 1. o [ b
2004, 13(5): 283-285.

(F#%4197)



FRAE SHOLPEAE 2012 4F 7 F %5 29 %5 7 41 T Environ Occup Med, Jul. 2012 Vol.29 No.7

- 419 -

AR A 5C, F M5 22 57 T REXS T2 1) kA 2T
AL (2) 4RI . ARWEFE LB, AFR R R T2 A A
WS SE RS B, BEAF I AR, TR A A R v
X ] AE T BEA AR I, IR IR WA D, BEROK G 2
SRIGIN, B XT 0 A SR B, S R AR
(3) 2By BT o ABFTE R B Bk T 12 S BTk 2
RAIEIR RR o A28 R BB KT MR AT SO K5 B e, SR
TR R R 8, B RAE TR, AR AEE—
JE L, (A N st o AN BRI SCHRARGE R A, B Tk st |
Ao O SR R L I i A6 A DR K 5 T B2 Y A A S DA
el 2 RBE T B R R AT S R S I A5 A — B, SR K
AL R AT REXS T2 1 R A AR, BT R
S TS o TR0 0 i e A, W AT TR B
B WA R o (EARTE R, AW IR T B
JER 2ok o s R i R ARSETRY i e O B A8 SR AR B
WA DTk o X R RESE T S ARG R R AR L, i e s
FECFIRE (IS A 5

25 EPrA, AR AP fih 30 A4 2 s N TR R PO P i [
RUNFE AR B RIRT MR B i s e i s ) RES
FEORRIZ I AR AT G o H i TABE S A R T R A, AN REUESE
FER N RS TS Z MR IR ICFR o UL, 45 B0 il SEf)
SRR ITRRIRABITE, il A E PR I 1, LBEXS 5
W Bl I SR o R AR T T B B A

AEE A RAA S T KPR B FE R R 2 3R

SE Lk

[ 1 JFLYVHOLM M A, BACH B, ROSE M, et al. Self-reported hand
eczema in a hospital population [J]. Contact Dermatitis, 2007, 57
(2): 110-115.

[ 2 IDIEPGEN TL, AGNER T, ABERER W, et al. Management of chronic
hand eczemal J ]. Contact Dermatitis, 2007, 57(4): 203-210.

[ 3 JFOWLER J. Chronic hand eczema: a prevalent and challenging skin
condition[ J ].Cutis, 2008, 82( 4 Suppl ): 4-8.

[ 4 JFUNKE U. Skin protection in the metal industry [ J |.Curr Probl
Dermatol, 2007, 34: 151-160.

[ 5 IDE JOODE BW, VERMEULEN R, HEEDERIK D, et al. Evaluation
of 2 self-administered questionnaires to ascertain dermatitis among
metal workers and its relation with exposure to metalworking fluids[ J ].
Contact Dermatitis, 2007, 56(6): 311-317.

[ 6 ]SUURONEN K, JOLANKI R, LUUKKONEN R, et al. Self-reported
skin symptoms in metal workers [ J ]. Contact Dermatitis, 2007, 57
(4): 259-264.

[ 7 JBIKOWSKI JB. Hand eczema: diagnosis and management[] 1. Cutis,
2008, 82( 4 Suppl ): 9-15.

[ 8 T30, A, )= MU 1o A B A8 1 PR AN SRE I X
B3 LT ] RO R A, 2009, 25(5): 335-337.

[ 9 JATTWA E, EL-LAITHY N. Contact dermatitis in car repair workers| J ].
J Eur Acad Dermatol Venereol, 2009, 23(2 ). 138-145.

[10]230, B2t ie LT ER0Rmvk 58— HI[ ) | s
RHEIHZ4 , 2005, 4(11): 695.

[ 11 ]DIEPGEN TL, WEISSHAAR E. Contact dermatitis : epidemiology and
frequent sensitizers to cosmetics[ J |. J Eur Acad Dermatol Venereol
2007, 21( Suppl 2 ): 9-13.

[12]LERBAEK A, KYVIK KO, RAVN H, et al. Incidence of hand eczema
in a population-based twin cohort: genetic and environmental risk
factors[ J ]. Br J Dermatol, 2007, 157(3): 552-557.

[13]JTHYSSEN JP, JOHANSEN J D, LINNEBERG A, et al. The
epidemiology of hand eczema in the general population — prevalence
and main findings[ J ]. Contact Dermatitis, 2010, 62(2 ). 75-87.

[14]WARD S. Eczema and dry skin in older people: identification and
management| J ]. Br ] Community Nurs, 2005, 10( 10 ): 453-456.

[15]SKUDLIK C, DULON M, WENDELER D, et al. Hand eczema in
geriatric nurses in Germany — prevalence and risk factors[ J ]. Contact
Dermatitis, 2009, 60(3): 136-143.

(WA EH: 2011-08-18)
(BESCH . BOAAG di: SRR Roxt: S0

(LBH4107)

(16 ]/53500, Wk, Aol . = ARk S MR A2 ) ).
[ 1224, 2010, 19(1): 118-121.

[ 17 JAIJARALLAH M1, FAZAL-UR-REHMAN, ABDALLA K. Comparative
study of short- and long-term indoor radon measurements [J]. Radia
Meas, 2008, 43( Suppl 1): S471-S474.

(18 IRXHY, Seiify, EIL5F, 4. B AU ERTS () ). PR
SHEE 544, 2008, 28(6): 637-639.

[19 ]ANNANMAKI M, OKSANEN E. Radon in the Helsinki Metro[ J ].
Radiat Prot Dos, 1992, 42(3). 162.

[20 JMAGRINI A, GRANA M, GIANELLO G, et al. Analysis of the natural
radioactivity due to the radon gas in the underground of Rome[ J ].G
Ital Med Lav Ergon, 2007, 29( 3 Suppl ): 789-792.

[21 J]SONG MH, CHANG BU, KIM Y, et al. Radon exposure assessment

for underground workers: a case of Seoul Subway Police officers in
Koreal J ]. Radiat Prot Dosimetry, 2011, 147(3): 401-405.

[22]1DOI M, KOBAYASHI S. Surveys of concentration of radon isotopes in
indoor and outdoor air in Japan[ J |. Environ Int, 1996, 22( Suppl 1 ):
S649-S655.

[23 ] TALAEEPOUR M, MOATTAR F, ATABI F, et al. Investigation
on radon concentration in the Tehran subway stations, in regard
with environmental effects[ J ]. J Applied Sciences, 2006, 6 (7 ):
1617-1620.

(24 ]5KBL, BRTr, FHFEE, S5 0% P 2 (] Sk 3 i B A1 FUR 1 52
WESEL ) ] RIS HRET 12024k, 2011, 29(3): 189-191.

(YimHEE: 2012-02-20)
(BESCHT . SO i SBBRG Roxt. EBET)





