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Abstract

Title

Development of guidelines for protecting underground subway workers from

major hazardous agents.

Background

Hazardous agents generated in the underground subway to which workers
are commonly exposed include radon, dust (including diesel engine exhaust
emissions), extremely low-frequency magnetic fields (ELF-MF), and
bio—aerosols. No subway company has ever assessed these agents. There is
a need to recognize, measure, and assess the levels of these agents in order

to protect subway workers.

Objectives
The purpose of this study is to develop guidelines for protecting workers
from major hazardous agents generated in the underground subway work

environment.

Methods

Guidelines were developed based on a literature review, consulting with
experts from Hong Kong, and the results of research conducted by this

research team.
Results
This study developed a total of five guidelines that can be used to protect
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underground subway workers: 1> A guideline to control the generation of
airborne radon and thoron; 2> A guideline to minimize exposure to
ELF-MF; 3> A guideline to minimize exposure to dust, including diesel
engine exhaust emissions; 4> An assessment strategy for dust, including
diesel engine exhaust emissions, bio—aerosols, and radon; and 5> A strategy

for special physical examinations.

Conclusions

These guidelines provide a minimal standard that should be used to assess

hazardous agents generated in the underground subway environment.
Occupational health professionals should review these guidelines and revise
them for application to subway situations considering the type of work,
level of ventilation, level of occupational health governance, work

environment, and more.

Key words: Subway environment, radon, diesel engine exhaust emissions,

extremely low—frequency magnetic fields
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106.. A[stH 22X HEH HAMUI 7HO|E0HH A7

3. XI5t Zt2|9f s fAt|

O
ol
O
1>
|0
H

D s At 7hea

O A3FEe A A= FEE. subway, underground railway, tube, metro)
o] ko7 LAl A wEd Aot =A UldA a1d wES 95t &=
Al FY ZA] 2ol At Fo] UE A% YA e drga &
I St

O AA Hzxe Aakd w=AE 1863l F= "=A7elA oF 6lm 71kl
AEEAT. olF Frbe] FuEAEA08%), ¥ =dl~i(18%6), L~Eg o}
H(1898), =&~ 1] (1900), W= E2AE(1901) & B Z=AdA Ak o
NEH A oM, opalofl M= dE =ZARNANA JSHAY. s
= aEd da B diEA aEed Al 2SSl 1974d 849 156 A

oA FiFel o, Aol 22U A2 Ao
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= AT FF3AE Atdle AARRd AE7HE 25k fFaldd

o Adngton, d¥ 5 AHEe FY % AL 4

TT AHEA AETE 2358t A4 A 5T Metro System]
AR S FAE Av e IR 9 EoE sigoen, 1
8% e 2o

(1) A A

NEHLA 2019 79 1Y 10:00713:00
A4 0 3T A AEI} o8, AT 8
2% FALE

— Occupational Health Risk of Metro System - from construction to

operation, Sung-Tat Yip(Radiation Protection Officer, The Chinise University
of Hong Kong)

Occupational Health Risk of Metro System - Radon Exposure,

Tai-Wa Tsin(Consultant, Winco & Associates Limited)

(2) #E 2 29 89

) FF9 £F As
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- o 4 937W(HH = 6870)
- =4 5130 Be A Fof 9L AF= 1)

- Z A9 175kn(H HH 36.2kn)

S&ZME}(OCC)% MTRY] &
ANz A 2

O MTR #AAE : eIl del 9125
Aol BE Aol 5 A/ FAN, AT
34ng 9 AL, AL FARE BE, AF A8 24, 93
de o Qe skt FgEALL. A 2Rea g
Age 54 BAR 192 W% 10 o<a}o w5 A 2, AR
EA7 29, £8FA AAU] 19 AR 38, BN 28 B
A 2ol 19 gl Az 24 B S Sk A S 8
28 BARY R4 QRE AT L% A

W oshA 2 Al AEE7 1A Alo] SO gEs st

_40z

J
1j-l—'l“

ZrA

%0, _h
o

r

-z, =

Y
1
l
u&
OHﬂ

W) EFoA MTR % AU-a71d o
O CAP 556 MTR Ordinance, MTR ©]A}3]ol| A st
Aol obd #dH A ¥

O 7#AAdy #H  HAEAWIF  F&IUO(Factories and Industrial
Undertakings Ordinance) CAP 59(OEL CoP), F&IUR 59A - Sl6(medical

examination for underground workers), S33(ventilation), Construction Site
Safety Regulations, CAP 59 I - S42
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110. A[stH Z2A A2 H HAMI| 7H0|E0HH A7

O 7bs % 9 #d HdEANT @ F&IUR, CAPS9A; OSHR, CAP509A

(Labour Department), Safety of Railway CAP556 (Transport & housing
Bureau & Transport Department)

O Guidance Notes(GN) for the Management of Indoor Air Quality in
Offices and Public Places(2019) - HKSAR®¢| Environmental Protection
Department(EPD)ol| 4] 338t

=2 T M fe) = ™
# o]
o HAUYT7|He FFE = F v vhdF FEicixte T, &

](IAQ Objectives for
Office Buildings and Public Places)&S A A8t At}

5) Guidance Notes for the Management of Indoor Air Quality in Offices and Public Places, EDP,
2019.
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<H5-5> $T &UTIIE =H

8-hour average

Parameter Unit H| 31
Excellence Good
S Fo A=
Radon(Rn) Ba/m’ < 150 < 200 RAD7S. %
=4
Respirable Suspended ,
Particulates(PM;o) g/m <20 < 180
Room Temperatur T 20 < < 255
00 emperature 05 5 )
Relative Humidity 9% 40 7 < 70 < 70
Air movement m/s < 0.2 < 0.3
Carbon Dioxide (CO») | ppm < 800 < 1,000
Carbon Monoxide pg/m < 2,000 < 10,000
(CO) ppm < 1.7 < 87
Nitrogen Dioxide pg/m <40 < 150
(NO2) ppb <21 < 80
ug/m < 50 < 120
Ozone (0Os)
ppb < 25 < 61
Formaldehyde pue/m’ < 30 < 100
(HCHO) ppb < 24 < 81
Total Volatile g/ m’ < 200 < 600
Organic Compounds
(TVOC) ppb < 87 < 261
Airborne Bacteria CFU/m’ < 500 < 1,000
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112 .X[otH 22X A2 H HAMI| 7H0|E0HH A7

O PN 2/03(Practice Note for Managing Air Quality in Air-conditioned
Public Transport Facilities - Railways) - HKSAR®] Environmental
Protection Department(EPD)el| A 338t

o PN& 53 Weld A% AE At 2gsts Puge] AR AM
2 gHos ANB/NAL Belss ARNES A% APoE AFH
o,

o AROE ANGHT Yt AL JUFVA FEE FF 1(ABNE B
A gl AAE B2 A Fud FAS vet FF 20%
ot A G A AMe F714% LEDE Lhre] Adkata 9
o, FASA £ F7), ARAA W 5 AAda At

Air Quality Guidelines (Hourly average)
Parameter
Level 1 Level 2
Carbon dioxide | 2,500ppm (4,500mg/m’) 3,500ppm (6,300mg/m’)
o 2dx7io] AYFTIAY QA PFS FrE 5(20728T)Y Al

O Askde Fa AAFaldA @ EX(eg. silica), &5, hE, SHF
(Welding fume), 1G(E3] o]&34), 27+a3H4 QA &

- 112 -



22,113

/m')(Hai-Long Zheng et. 2017)

- 7ME w2 T

167 =~ 255ug/m’(East rail line®] Beacon hill
B4 23km +3H)

% JTAQ 7|2 PMp= 7

|F2 2 20ug/m' ©]dtE Excellent, 100xg/
‘o]l Good, WHO®S] &71& 7]+ PMyy 50ug/m'; PMas 25ug/
m3

O =3 2 & dF(Radon and radon daughters)
e E|EdS £+ 374 : RDA 200 Radon Detector=
T 4920Bg/m FFolYew, L=zt

LEFTE 37
930mWM (working level months) F+°]S. F=

>

A4 A
A= #Hdl 30,000Bg/m' °]%, £7] H7Hs Al 10,000Bg/m’ 1%,
2 1,000Bg/m’ olet FE(F3, Ak, 7] 7hs

AN =2 7Y Aol =%).(WK. 1988)

T Ao

v

=

( ]
D)
ol
2

SIETE

il
il 4

- 20179 LAM S 47 ¢

© < 190 Ba/m’, F: 04, &
I < 20mWL

- 199649 YU 59
(34 0.25), 952

T
=TT ™ =

AR PR ERR

0 29.6763.5(F+ 42)Bg/m’, F: 0.1670.44
L2 14 7 673 3)mWL, FFoll A
°olgt FZ 2 o 27mSvelH, vt X
oA YRRl o]l ozt M| AdAte] A AstHAA g F=
7b ZABHE H[ T o] 164%0 ol27] ou7t S

O 0 o)} 2= 0]
AT = = T M

—
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14 7opd 22X N2W BT S0 7

+.(KN Yu, 1996)

<H5-6> {FE o= EETY

Category H(mSv/yr) tf())%r&:eélggge(%f)
Employee 0.172 6.4
Commuter 0.014 0.5
Night time maintenance 0.443 16.4
worker ) '

% A A (ICRP publication 65, 1993) : 9 #17]+ 4.8 WLM(working
level months), 5712l &7 & &% 400 mWL, Reference level 500 -
1,500Bg/m’

% A A Z((ICRP publication 126, 2014) : A 20mSv ©|3}, =7} a1
2 100 T 300Bg/m’ HiL(300Bg/m' - A7t Ao g= A 4mSvet
7}A 14mSvel &)

ASA o (YU 59 A7)

- 9AHAdmiralty stationoll A  FApAA  #E  FEZ(RCO)SY
potential alpha energy concentration(PAEC, F)¢] A7t 3}
Fol 3}54 4% #Hi 120Bg/m'oll =27t 64174 A HA
A3 - oloj7del] ok #r|ep Aol o AE U] =
o2 oF 30Bg/m TR FAsA AT F(PAEC) #
L FHal 038 %A 730774 028 SolAthrt =2 W
7k s SIrR Al S7FsHAl H T

oot

3
%

Okmi&:inﬁ%

o\ o

&
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2£.115

120 0.35

100
0.30

80

60 0.25

RC (Bg m™3)

40
0.20

20

0 015
6:00 7:00 8:00 9:00 10:00 11:00

Time (am)

[O85-3] T AAIOIA &A|ZF PAEC =% HIO|E 2=

(3) H A Z2ANAAN 2 Ay A%

O ZHZ @ 200058 2013Wd7FA] Metro Systemel A+ % 2178 (A Hit 15

A - 3T AAA RS o Wi oF 4 2 20139 o] FEE I

T =

s 22), 715 B FAIAE 99l BAHAL.

f

N

O Ad e A2 A7 LAHA Fohw.

i)

3) Y& At o

6) ZERA, RIRCYe) A5Hd sl available from URL:
http://cfile233.uf.daum.net/attach/2079410D4A9BAF8C424CCB
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