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Exposure Assessment to Asbestos and Diesel Engine Exhaust Particulate
Matter in Urban Bus Garage

Naroo Lee” - Gwangyong Yi

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: Lung cancer occurred with worker working in an urban bus garage. A survey was conducted to investigate whether
lung cancer had causal relationship with work. Exposure to asbestos and diesel engine exhaust were suspected.

Methods: Airborne asbestos was sampled on membrane filter and analyzed using phase-contrast microscopy. Airborne diesel
exhaust was sampled using quartz filter and analyzed with thermal-optical analyzer. Polynuclear aromatic hydrocarbons was

sampled using PTFE filter and XAD-2 tube and analyzed with gas chromatography-mass

selective detector.

Results: Airborne asbestos concentration was under 0.01 fiber/cc. Worker who warmed up an engine of urban bus for 2 hours was
exposed to elemental carbon concentration, 15.5 zg/m'. Only naphtalene among polynuclear aromatic hydrocarbons was detected.

Conclusions: It was difficult to conclude about worker exposure to asbestos because working hour related asbestos was too short.
In reviewing papers, the exposure to asbestos over 0.01 fiber/cc during exchange brake lining was found. It was identified that
worker’s occupational exposure to diesel exhaust based on elemental carbon was higher than the other occupational exposure to

diesel exhaust.

Key words: asbestos, diesel exhaust, lung cancer, urban bus garage

LA 2

AR wiE=Eol "t AdE =E HAuE

2] YET. Hzo| I BAvlskae] AL v
= A| & A2 (International Agency for Research on SEd ozt YA =& 2t AAthLee,
Cancer, IARC)oJA] 20124 ¢j& o7 wj==x  2015)
(diesel engine exhaust)2 Q1A WUA E2 1Fo= 2 A Hals A ZRarof A i o d #;
243t o] Fof FHE2] tA <zl HiEEY wEo e =z sy zhdzte] moF wWAyEl el
gigt Falo] ol HTHIARC, 2012). 9o E o 2000 2] A9 keEy oA QA wiged =
A AR i EEAe] gt A AR =S A7l = 343 Ao, % oA X wiEEd 1A
gt Balo] 1 o]HAEE <A TtHGustavsson et al., = FAof 7195tarx} gt
1990Crump, 1999). 18|t} ZujollA] 20121 o] Ao 20009 29 H o] LAY L2229 2y

*Corresponding author: Naroo Lee, Tel:042-869-0321, E mail: naroolee@kosha.or.kr

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency. #339-30 Exporo Yuseong-Gu, Daejeon,

34122, Republic of Korea
Received: April 7, 2016, Revised: May 24, 2016, Accepted: June 7, 2016

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.

219



N
N
o
k=]
T
Hu
k=]
0K
00

xo ol
r N
Jo
%
rO
B
U

N
>
ofr
okt
2
=
=)
[e]
2
o 1o
N
b}

oL

1T o

r
flo
=)
o2
~{
r.l
I
)
30,
rir
to rfr & & K J

o M ¥ o iy @ O
™ ¥0 ox

ox i 4 B oS 3@
o
N 2
Sl
=2
rl
fu
>
N
e
i
il
N
ol
oX,
o
pacs
2
O

2
=2

2
=

to
o o
)

flo
liuj
i
=

2

o

S~

>
op
et
E=)

o ok ox -

ook 4y b {4 2
B
e
2%
o
i)
b
(o]
r‘;
&
i
oY

(polynuclear aromatic hydrocarbon, PAHs):®E 4>
grele] gick v X wijEE o] iz =
E712E flen, 2001 ol wl= AR 918 7HE 9
3(ACGIH)ol A= 20 pym(Pagar]E)oz fE
7] gl FREAR 23T} S AT B
2 AAsta, FHEHA  A3lstHACGIH,
2001). w]=t =AY P B 2 AL A(NIOSH) of| A=
o Al wjEEde dgEdE Hsta 9lew 7t
T WHe TEE fASES dasta Qo
(NIOSH, 1997).
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‘1)) mAlEX o2 A ojE Azl wiE
B2 G G982 ARE FPES gl
Aok Ayt Fat =E FrbAE T4 da &
o] HES SN ol AR 584
A B2 1 (respiratory combustible dust method)S A}
Bokolth FHHE o8 A HE A diiel
SE BES AP olele B ok naE, G
W oodvl, AR 5 oe wade] 2x7 P 4
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= wHo] Qlti(Whittaker et al., 1999).
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BAATLY 249 (NIOSH manual of analytical
methods(NMAM)) 74000f &3t 71Q] A & =5

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 219-224



A | At Xtof] ois

Mp 9 o) 221

ol &l HY

il

2 =& g7t

T

Table 1. Sampling strategy for asbestos, diesel exhaust and polyaromatic hydrocarbons(PAHs) in urban bus garage

Target substance Sampling area

Sample Number

Description

Asbestos Personal breathing zone

Personal breathing zone
Diesel engine exhaust
Area sample

PAHs Area samples

4
1

8

4

Sampling was conducted during changing break lining
Worker

Including exhaust port, area(3 m away
from exhaust port at 1 m height) and office

Including exhaust port, area

T2 H7lslt 25-mm cellulose ester membrane
filter(3-=+ 0.8 ym, Millipore cop. USA)o|| EZ3|5}o]
A7) & Walton-Beckette GraticuleZS A1t ¢4+
Z} & u]7(phase contrast microscopy; Carl Zeiss,
Germany) S 2 4008 9] vj-&o A o] 5 m o4}, 4

o): =7 ul7} 3:1 o4 7%l GHe HeE ALt
CHNIOSH, 1998).
3. 27| & UAEA U QUEA HILE 98t AlR
3 L 2y

27 % daws 9

Prefired quartz fiber filter(SKC 225-401)E5 |83}
of a2 el ARet Ao ARE BT T ulF
Al Alo]  oJFste]  F3gsHE A 7] 7](thermal-optical
analyzer; Sunset laboratory, USA)Z2 AT AL} 57]
EBAE E43 A THNMAM 5040). o] ®H2 &7}
o] g3sto] AR BHE L&A F713F AR
wAelm, g SACIA B/
Az ©aE Yy gtz
o] 23 E7|(FID) 2 At

AE
—=

oESsleas °J7L A HH= 7 %?&Eb—
o

3} 7laak B2E A8 u} PIFE ofh4] 5 XAD2
22 A ONA ABAHFE Sk
Folguzaeio|s, ERdon 250 & e
SFZELSI=4 1671A] &2 (acenaphthene, acenaphthylene,

3
_1\1

anthracene, benz[a] anthracene, benzo[b] fluoranthene,
benzo[k]fluoranthene, benzo[ghi]perylene, benzo[a]pyrene,
crysene, dibenz[a,h] anthracene, fluoranthene, fluorene,
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indeno[1,2,3-cd] pyrene, naphthalene, phenanthrene,
pyrene)°]l 3l A SFHEHNMAM 5506). w442 474

I AHS Y3 Gas Chromatography/Mass Selective
Detector(Hewlett Packard 5971 Series, Hewlett Packard,
USA)Z 3+t

ks,

m. o
.27 &M £

2000 T4 H2o] Belo]a toly makshe 4}
A 5 HYola meh} via we AdS &
L A eE0] 0.01 Afec vFO R YERGT, F
W ZEAR A7) 9 e Z2EA =E 5 94
0.01 7l/cc w]uto] ﬁu}(Table 2).

Paik & Lee(1991)2 -2yl AEA} Au|d4h
A BEola ghold o wA|, vk, &4 B 4537
£ o83 Ax AAe o 7] o2 viakd
4] A4 BEA7E 027 Alecolekn W SIS
Kauppinen & Korhonen(1987)2 H#= EF, H

3

= O

o=

A Heol AHAYHES Do 2
&5 E 2439 4 <0.1-4.5 Jl/cc(AnpR}
Al e]) etz ELO}"““? Aol 40 - 60% THE
dlol2 rolyd Aul AAFIo] AT B 24}

Table 2. Airborne asbestos concentration of worker in urban bus

garage
Worker Air volume( /) Concentration(fibers/cc)
Lower part team
A 186 < 0.01
B 182 < 0.01
Electricity team
C 272 < 0.01
Sheet metal team
D 274 < 0.01
http://www.kiha.kr/
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Hickish & Knight(1970)2 A}£2} H#o]= mwske]
7% 0.68 7lice, EE Hyola w&ol AL 1.75
Jec2 UERGTa B skeich

Bl Heo]a elolyd mehgwlo] $-gate] 2]
AT 2R ook B 2AATE SRt A%R
gHlgae] Heo|a ghold w3 HullkeE
o} 73 welsle ojeleu w2, Ege 1
gola Fu[FAPAES A S E 3 Kauppinen &
Korhonen(1987)2] =83} H|wsle] Hoets B %
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Fo]x|A] %ttt Kauppinen & Korhonens(1987)2
ZHuehel A 1960-1972d Ato], ul=roll A 1972 A&
A e ol FARE LEAFA 2 1A 9] 5
Fo] e letar Harsto] Ak AH| ] A
AoF AW =0 WS HolEgleh 2y 29
dlo] M 2l FRAES e R 3F getxAl 4
ol ofshH HAAHF =7t A HESFE BlE
A= S7FekAl eten 2 b A wiEEA
=wo vgsia =715k cta B a1sle](Gustavsson
et al., 1990), H22}al F22E0] HQF WA o] A
LEEo oA izl EEd =2 g3 A 7Hs

Aol qlekm Fastant.

2.C|H ARl i E 22 (A 3

oA Azl wiE X9 A aas iR daw
2(BO)&F F71=2x(00)0H, YA =42 95% ©]
gol 371984 A4 1 ym vjgto|th, f7ghas
7], 84 & 7HEEEARY AE =
A= wao] i flaskas o Ao AT
k.

2 2ARIA f7"00)9] =7 01381
-4.1362 mygm'o 2 wj$ =A yelgth §7E4Y
e gz, &, Ak ARl Sl Ay
Sh=dl, M2 viES- FollA £%3 DP-2 % DP-69]
BE7} 7 B Ao wol §rlehas} WA
AN AT Ao A2 4 k.

Aol MAE AFA7]7] Qe XS 7hHEdhe
TEAS 2A7F B ST AR =5 H7F A
YAEA 557} 155 pgm'2 YERGTtHTable 3). ©]
= Hla 2addus =40 Hdt Y g §e
49 pgmETh Fon BT 9o FASIE L2
A ARleEsE 2 - 4 pgm'e} BT FEo|t)
(Birch & Cary, 1996).

H 2 7] BlR FolA S4% A= (DP-2, DP-6)
HAeA =71 ZFzZF 200.1, 180.0 pgm'z2 Q- =
Skeh. 7t #20] Flo| 4 ZHE AR(DP-3, 4, 5, 7)9]
Ak vk SR 247 thach o]dE Aol oAl

x50 A AL 23] Eom Azt
(Table 3). AFRAA 24T ARoHE Aosis
FE7F 8.0 pgm o2 thE A Ayt Hp &7 UE

Table 3. Airborne diesel engine exhaust concentration in urban bus garage

Elemental carbon concentration

Organic carbon concentration

Sample No. Location of sample Air volume( /) (ug/m) (ug/m)
DP-1 Worker breathing zone 363 15.5 164
DP-2 Behind exhaust port 180 200.1 3812
DP-6 Behind exhaust port 180 180.0 4136
DP-3 Area sample at bus 1 198 10.8 659
DP-4 Area sample at bus 2 270 514 648
DP-5 Area sample at bus 3 216 8.7 1267
DP-7 Area sample at bus 4 252 56.3 705
DP-10 Boundary line 183 12.4 138
DP-11 Office 192 8.0 212
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Figure 1. Correlation between organic carbon and elemental
carbon concentration

Table 4. Airborne concentration Polynuclear aromatic hydrocarbons
in urban bus garage

Sample name Location Naphthalene(yg/m’)
XAD-3 Same as DP-7 0.57
XAD-5 Same as DP-4 0.74
XAD-6 Same as DP-3 0.38
XAD-7 Same as DP-2 1.67

Method Detection Limit of Naphthalene : 21.75 pg/m¢ sample

Lhazeteinto] &% Qlth(Table 4
9] s vzEdY Iy =E7]E¢] 50 mgm' vfRt
ojtt. wl=atd A TIE 23] &2 FAIFAFao
A Akl 9l ko)Al £3, Benzo(a)pyrene, Benzo
(b)fluoranthene, Benz(a)anthracene, Dibenz(a,h)anthracene
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