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Exposure Assessment of Dust, Ultra Fine Dust(Particulate Matter 2.5, PM. 5) and
Black Carbon among Aircraft Cabin Cleaners
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Occupational Safety and Health Research Institute, KOSHA

ABSTRACT

Objectives: Aircraft cabin cleaning work is characterized by being performed within a limited time in a narrow and
enclosed space. The objective of this study was to evaluate the exposure levels to dust, ultra fine dust(PM2.5)
and black carbon(BC) among aircraft cabin cleaners.

Methods: Active personal air sampling for respirable dust(n=73) and BC(n=47) was conducted during quick
transit cleaning(cabin general and vacuum-specific) and seat cover replacement and total dust and PM2.5
were area—air-sampled as well. Also, size distribution of particle was identified with the cleaning workers
targeted. Dusts were collected with PVC filters using gravimetric analysis. The concentration of PM2.5 and
the particle size distribution were measured with real-time direct reading portable equipment using light
scattering analysis. The concentration of BC was measured by aethalometer(filter-based real-time light
absorption analysis instrument).

Results: The geometric mean of respirable dust was the highest at vacuum cleaning as 74.4 ug/nf, following
by replacing seat covers as 49.3 ug/m* and cabin general cleaning as 47.8 ug/m* . The arithmetic mean of
PM2.5 was 4.83 ~ 9.89 ug/m inside the cabin, and 28.5~44.5 ug/m* outside the cabin(from bus and outdoor
waiting space). From size distribution, PM,s/PMyo ratio was 0.54 at quick transit cleaning and 0.41 at
replacing seat covers. The average concentration of BC was 2~7 ug/m’, showing a high correlation with the
PM2.5 concentration.

Conclusions: The hazards concentration levels of aircraft cabin cleaners were very similar to those of roadside
outdoor workers. As the main source of pollution is estimated to be diesel vehicles operating at airports, and it
is necessary to replace older vehicles, strengthen pollutant emission control regulations, and introduce electric
vehicles. In addition, it is necessary to provide as part of airport—inftastructure a stable standby waiting space
for aircraft cabin cleaners and introduce a systematic safety and health management system for all workers in
the aviation industry.
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MAF 5= (revenue passenger kilometers, RPKs)
+= 34 10W7KH2008~2017) AIA GDP(Gross Domestic
Product)®] ATPEAAALFER] 2.3%HTt 3.2%p =2
5.5%9 AYES YEMAAJHKCA, 2018; ICAO,
2018; IMF, 2020). RPKs= 2020‘7‘_1 FZ192 Qlst
TAT AA(-69.7%)5 AU LHIATA, 2020), 2

] &7Fst] 2019419 67.7% $2(2022¢ 74
SIESFATHIATA, 2022). GDP A5 4e
FEFS 4 & U= A4S AL
& A AFeE ¢ B odSo] ¢ A
do= oY 4= SIA =t ol7t FF&

o= FF717t AEste] A o|5T o
THA] Aol Al o] FolA = 57| Rk, AH], Hi, Al
o|&|g(catering) & ’\QE 25 5 AAZAaircraft
ground handling) % L=8AE @4 71690
(Lee et al., 2018).

SO A= 18~199 F57] 7IW HAksARe] 4
oA S5 A 2 HAAZANA E E A=
AEZo] FFEUtHe =o] WAYstHA HALFAL
E o= sk= ANkl ey Roild 7t 2
8A40o] A71EAHKim et al., 2019a; Park et al.,
2019). 371 71H Fae 5719 TS Al o]F0i%]
= YubY4A(quick transit cleaning), FAIZE AF Al

o]FojX]= E¥HA(layover or special cleaning),
AEASto] @ o]FojX|= A A (deep cleaning)
5og FREo] APHETHYeung et al., 2005; Kim
et al., 2018). GHlAE AYAE AY7] &4 9
SHHA HAE FE2 Yokl 20~408 &28), &
Hhe 3L, 9% 9 ARt HA4, AERA 5o
71 FYEH(QF 60~908 £8), FUdH 4= v
H3a0t Akt 5o F7F FPErKer 4/\]7} a
R)(Park et al., 2019).

71 BaAdS F1 dHEE 357 R4 g
Z A7 W AAE Fstolof sh= EAdo] leH,
BAAS ZAAX A0 ot ZZAA 4, Bl A
A2 W7] F =E2HE A, AR, gEdx
Wl&E(diesel engine exhaust, DEE), HAAA, 4
A 5ol g4 hEd 9 oftt, ndiSF ol o
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>amEE

E A3 #9189 50 =9k Yeung et al.,
2005). &3 37 HAL A e R AR A
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ZAPIA 7T A Al EAse B2 =20 of
FEH5} 5471 =ohy B U5 tHKim et al., 2018).
JMHA = FALG A2 (International Agency for
Research on Cancer, IARC)OIA AFHolA] S &
dish 4= 9l B8 {FA519 2 H(IARC, 2016), 1?]]"}
HERY 91 B oljEKPope et al., 2011), Hof 2-7Hd
A PEFE "AH 5 7NES FI6l(Kim et
al., 2016; Liu et al., 2017; Zhang et al., 2019),
F5%(Chang et al., 2015; Li et al., 2019), &=
719 A9Y(Torricelli et al., 2013; Miyazaki et
a., 2019) 9 H|d I3 AFAFIT I (Wang et

, 2020) €A At 53], A 371984 Z
7801 2.5 me]skel Zwu|NHA|(particulate matters,
PM2.5)= AMES S7HA171L, 387 A% 9 A4
WSS F¥oks Ao& IHA ArHEjohwomu et
al, 2022).

off r_ln

¢

d

T Uole AdRYA AHgEE EY EdH
(towing tractor, H|H7|E F7|FOZ o|Es= %
H]), A%l7Kstep car, 54 58 AD) & W oGS

g Aol A=, ﬂ@ﬂﬁx}a— EEW
SOl 82 A L, AjHor oEo] 7|7}
A¢E7F 285 #oloh IARCZ oF 309 %3t
Ants BAsto] DEES Qzbol HYS Yoyl g4
gt =2 2(Group 1), WBAE Lo7l= dUdHEE
2 ERSIITHIARC, 2013). E3F & 2 Hupo] #=,
718, 7H 5 22 387 B3, 7R £ ol

< 5= SAYRIA SYTHUS EPA, 2002). =4 &
TASAAZTAAE ddem AAIRE e stzato]
A A Ag iy B As e, A%
ZhA o] L3 FA7|A 24Y 9 e FE] AL
A )ADY wY EZPEHE7F 1.44(95% A=+
7t 0.98~2.05), SAYH & EAT vEAE=}
152(95% A7 0.92~1.89)= Bt THLee et

, 2021).
4. 1’419}74 L %J Zéi }LEXM 747&030(;-_4 7\;\}

s ﬁ:ﬂ-(Bello et al., 2013; Lee et al., 20147} 9
1, FalesAe] gt Sd(review)dTolA 55714
ot A%} ZTLAAAS 7+ FAR| Sof dfst
A73dol 8 Harst Q(Charles et al., 2009).
2] vl (Folletti et al, 2014;
. ©57] &4 (Svanes et al.,
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2015) ¥ HA=A mEABauver et al, 2013) 20|
HaEQth 7y Ha&AoA= A5A(Kim et al,
2019a), AAl sl e FsHEZBello et al,
2013; Heo et al., 2016) @ A& Alit, F%Ho| 5 v
AE =237 EaE AHEI(Kim et al., 2022)= 1
Rou, 31 9 DEEY| i3t k& s o] oA
= 2ud v ik ofd AFolME FET] Hh
L5 kE2EE X 5ot AFEE, PMys,
DEE9] =&X% EZZ Z#HA(Kim et al,, 2019b)
Ed7H(black carbon, BC)oll tigt H7HE AAlstL,
A TS vhHstaA} skt

1. e 2
1. 17

S 3N, B, QH) B9 24 27 F4EY
PG 1S hPoz QIBACRIY, 2137
&), META|, Wiols HPom FEile] A
2~3% (2 6~137) A% 59 FPeH. 32

o_?_l',
o
N
o

BATS LSttt AT AYFE Table 17
2. ARAHE 20199 48~620] 7 9 AR
;’c‘i

tdog AAstt. ZHRIAE AFTHOZ HAhks
A9 257] FHoIA 234 EXopa), EHTREBC)

Table 1. Target monitoring workplace

o tigt B7HE PSR, AGA=E Lo E F
229 F 7 &, F, Y I AR D HAEA
0|58 HA FHARhH9] 7

g A5t FEA, T xey, ZHAHA]
(PM,5) 2 EX19] 7 Ex0| thgt HI7FE ol
PMys 2 £X19] A ExE= 54 JH|E AMES
of AAZteE AWHITH AEE SHAAY A=
A¥a 9 A= Table 29+ Zt 7HQJAAE 23 Al
B7IEANA 578 58 4 HAE FE5] AEste,
Y AX T AAsteleon, JiQE &

= AR&SHA| g, AR 9 AR md, Wil e
HE71ES AHsHA

T =A%
PVC 9#}-A](Poly Vinyl Chloride, 274 37mm, 5=
5um, SKC Inc., USA)ES ZMM|E(3-piece cassette)
4 2o K] Z2(SKC Inc., USA)l Z+ F&sia
19 A=AF7|(high volume air sampler,
Casella Apex2, UK)E Ar&sto] AFHsIATt A=A
F F2 FEAL 2 Lpm(Liter per minute), T8
A4 BZE 2.5 Lpm(ESE 2%, 4 m-cut-point) 2.
2 AJAIEERE AlRE AQFSIH. AR5 7= A
A A, T FFEAY7|Dry cal, Defender 520-M,
MesaLabs, USA)E AR25lo] 822 H AT
T B4 95l AlEAFH A PVC AAAE HAA

: ' . No. of . Sampling Period
Airport  Company Carrier Type Cleaning Type Workers No. of work shift group Dz e
. . . April, 2019
GH A LCC Quick Transit 14 Day(AM, PM) 2 group (3 days)
GH B FSC', LCC  Quick Transit 90 Day(AM, PM) 8 group April, 2019
(2 days)
op C FSC. LCC Quick Transit, 76 Day(A_M, PM) 6 group April, 2019
Layover Night 1 group (3 days)
GP D FSC, LCC Quick Transit 109 Day(AM, PM) 9 group May, 2019
’ ’ (3 days)
May, 2019
IC E FSC, LCC Seat Change 46 Day(AM) 6 group 2 days)
. . Day(AM, PM) 15 group June, 2019
IC F FSC, LCC Quick Transit 250 Night 7 group (3 days)
"LCC : Low Cost Carrier TFSC : Full Service Carrier
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174 o3

o

gMIS -

Table 2. Sampling method, time(interval) and location(task) by hazards

Sampling Hazards Sampling Sampling * .
gy Type (measurement) method time(interval) b Location(task)
Respirable dust Filter-based 6 hr 9 Cabin 9
A Personal ; X )
Black carbon Light absorption 10 sec 8 Cabin 8
Respirable dust Filter-based »6 hr 5 Cabin 5
Personal ; X }
Black carbon Light absorption 10 sec 6 Cabin 6
B Dust (total & respirable) Filter-based »6 hr 6 Cabin 5, bus 1
Area PM2.5° Light scattering 10 sec 3 Cabin 2, bus 1
OPCT, OPS® Light scattering 6 sec, 10 sec 1 Cabin 1
Respirable dust Filter-based »6 hr 22 Cabin 16, vacuum 6
Personal - - -
Black carbon Light absorption 10 sec 9 Cabin 9
C Dust (total & respirable) Filter-based »6 hr 8 Cabin 6, bus 2
Area PM2.5 Light scattering 10 sec 3 Cabin 2, bus 1
OPC, OPS Light scattering 6 sec, 10 sec 1 Cabin 1
Respirable dust Filter-based »6 hr 10 Cabin 6, vacuum 4
Personal ; X }
Black carbon Light absorption 10 sec 9 Cabin 9
D Dust (total & respirable) Filter-based 6 hr 9 Cabin 6. bus 3
Area PM2.5 Light scattering 10 sec 3 Cabin 2, bus 1
OPC, OPS Light scattering 6 sec, 10 sec 1 Cabin 1
P | Respirable dust Filter—based 6 hr 12 Seat replacement 12
ersona
Black carbon Light absorption 10 sec 6 Seat replacement 6
E Dust (total & respirable) Filter-based »6 hr 5 Seat replacement 6
Area PM2.5 Light scattering 10 sec 3 Cabin 2, bus 1
OPC, OPS Light scattering 6 sec, 10 sec 1 Cabin 1
Respirable dust Filter-based »6 hr 15 Cabin 9, vacuum 6
Personal
Black carbon Light absorption 10 sec 9 Cabin 9
F Dust (total & respirable) Filter-based 6 hr 5 Cabin 5
Area PM2.5 Light scattering 10 sec 3 Cabin 2, bus 1
OPC, OPS Light scattering 6 sec, 10 sec 1 Cabin 1
"N: number of Sampler TPM2.5 : Particulate Matter 2.5
TOPC : optical particle counter SOPS : optical particle sizer
O|EofA 1Y o]} AX Al7]1L, SFEAIONA 247 o - (W,—m)—-(B,-B)
ol ergsiet ¥, == 107 g?l HAAXXP2U, 4
i £ Z2k5ly
ﬁetti!er ;]c;lfdo ‘Switijlil}an‘d)i/i :—oﬂlf ;%‘»’d; C B4 S%(ne/m)
O o] =A%l o -O_ =3
ik FAE S 391}4 A OﬂL%A | HH}R d W, : A2 A T A (ng)
LA T - =
:Z]E/;}lo?o;iﬂ:q ]jx A7) oz] 3 ]2] Wy - Alme] A=A A 7 Alme)
AT L FEERET B 329 AR F A
o o) =X10| =
2RE O PRSI 7, 35| S SHSL VAL g game) AmA A FAMW)

2 NRAH F TA sk
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2) ZOIMHX|(PMys) & &Y 2 24

PM,59] &7 FAE WH49]

AM 520, TSI Inc., USA)E o|-&sto] AAIZtoZ 4

25t Sstat. 71710 F2E PMys A8 A

H(impactor)& ©|-&3lo] BR9] F7|9sta] Z7Ao]

2.5 m HL E?ﬂfi 17%oh AzstR o, FF
7

o
2 A& A%t Arle 7 o, ‘:, %"J T
= F2ZAA7E B vy = o]EH A U
sto] Z45tath. $471719 57 Y9+ 71~69l Zﬂ*
FAHY] 557 Yol 77k Fao A5kt A%
g ARl A2A] AZEYo] ma J(TRAKPRO,
TSI, USA)E o|&3lo] The-2E ¥gfon] Feksig
kel 9t FEEAASE du 3 &3
(ambient air)oll Z2-85}= 0.38<2 Foto] ARESIAT

I
H7o] o]AY Byl Al dralo] Ffg A
OPC, Model 1.109,
Grimm Aerosol Technik Co., Germany ¥ optical
particle sizer, OPS, Model 3330, TSI Inc., USA)E
ol-gsto] AAIZIe R HAAARY] A5t st
o 273Gttt 347142 OPC 6%, OPS 1022 H4
e, A WEL 10 glaiow AR
OPC Al 0.25-32 m 719) IS 310 A=
7| F7koR el Bl 2HANRE FoR ¥
A]'?_)—]‘Oq PM10 PMzs PM1, %?j*é(inhalable), %—“3'}\3
(thoracic), 384 (alveolic) ¥31¥ =& H7}5l%
o} OPS AH= 0.3~10 m 2719 YAE 167 LA
7] e w Wio] Brista, d8E S 9
SEE SARE 522 4Muol

3)

zlo| 2y

411 £l
|'-|II

(optical particle counter,

4) 237t=(Black carbon, BC)

BCE= Y4B (elemental carbon, EC)2} T&Eo] &

7] % DEEQ| =EA|#& AMSEl=|, EC®F BCE 3F8H4]
o] e 5= ofyH, oy Ao R HAGES F
7¥shd EC, AAIRE &77]0) 93t 27k= BC 5= Fe
o} Z AA7E 24o| 7153 BCE DEE9) k& 249
ol E8sk= A7 57kl IPKKim et al.,, 2019b).
BC == =42 o&zu]E(aethalometer, Model MA
200, Arthlabs Inc.,USA)E ARE5I¥=H], 717] WH-2
o] 712 (polytetrafluoroethylene, PTFE)O|| A=+ <
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Aol oJsff 578 1H(375, 470, 528, 625, 880 nm)<]
Hlo] ZAfEs Ar(Faky Heke)s 24 i A% 5
2 Agsk=t|, BCsEE 880 nm T4 =43t gho
& ARESIGin S4EYE 102 7o 7171 Wioll A%
stRoH, F52 150 ml/min® AHsAch.

5) At29| X2

7] & ARAFPEOR 2% e AR A
A 4 AAstel $x 58 dvusion], ¥ugd
o wre HTHEE E TS w2 ok Wt

1F0] EAoko] Btk AksEHarithmetic mean,
AM)T} 7]5FE 4 (geometric mean, GM) 502 H%F
AAsHAS. Bt w= EAREA(ANOVA) 2 T-37%
(t-test), FoNAA} TF A E4-2 pearson A4
A BAS AAsth Agr B4 st FAAYE
SPSS =2 I (ver. 18.0, IBM, USA)S o]&3}gct

II_|

354 B 5o 7 A
5 RBE= AR Aolstel=t(Table 3), 7H¥1782]9]
S 2789} A9} HFH281 wg/w', 146 wg/m)E o1
2 AASHH F+F Exok= B0l AL, AT
1709] 3454 pg/ )= AA Al A EEok=
E40] Aot} AELARAL] A9 o4 A AA flo]
gt BEsk= E4o] ot ARE olAE Al
AsHA] kil AA|RFRO| gt AM, GM, S5 AlAl
sttt g aolA AM 98.2 ug/nf, GM 74.4 g/’
2 7P =9, ANIAE] AM 56.3 ug/m’, GM 47.8
ug/mt, ANEXA A AM 52.6 ug/nf, GM 49.3 ug/m’
FFollon AYEFo) uet FAYCRE FootA &
STHPC0.05). tet, &Y 2 3T AE 5%
4 BA sk BAZCE [ tEA] Ak
(p>0.05).

AGA =22 2JFH T ;—;f?}*é 24 =297 Ase o
ST Bxskes E4 Rom, 71y dbt %Mﬂ*i
GM 50.5 ug/uf, °olEHA WE(LG)oNA ST &

£ 56.1 ug/n, AlEMl WL 62.7 ug/m *201‘21
E} FEAL 7|y dubygAolA GM 83.0 ug/nf, ol
H A YiEoflA é@f‘f& =7t 77.9 g/, AELAC]

2

2 oy

l

ol A
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Table 3. Concentration of respirable dust exposed to aircraft cleaning workers by cleaning task and companies

(Unit : pg/m)

Cleaning task  Company  Airport N° GMT(GSDT) MeantSD® Median  Min Max p-value
A GH' 9 429 (1.65)  48.4+27.7 39.1 235 100.7
B GH 5 653 (230) 93.1#105.8 465 363 2819
ngfga;ifggsit C GP" 16 521 (1.26) 5344123 553 377  76.6 p0.05
—cabin general D GP 6 59.9(1.82) 69.7+43.6  56.3 282  146.0
F Ic” 9 329208 4021224 413 118 689
Total 45 478 (1.75) 563t420 465 118 2819 -

Oick transit C GP 6 668(1.68) 763t51.4 574 426 1790 0(0.05
cleaning D GP 4 1041 (2.95) 166.1+1943 87.6 346 4546 py0.05
—cabin F IC 66.2 (1.69)  74.9+#43.4 540 385  149.3
vacuum Total 16 744 (1.96) 9821034 597 346 4546 -

rggf‘;;:;‘gt E IC 10 493 (1.48) 526192 507 212 905 -

Seat-cover E IC 2 306 (175 331#17.7 331 206 456 -

_bolting

N : Number of samples "GM : Geometric Mean TGSD : Geometric Standard Deviation

SMeantS.D. : Arithmetic meanzStandard Deviation

IGH : Gimhae Airport, 'GP : Gimpo Airport, IC : Incheon Airport

Table 4. Concentrations of total and respirable dust at aircraft cleaning workplace(area sample)

(Unit : pg/m)

Respirable Dust

Total Dust

Cleaning task

N GMT(GSDT) MeantSD® Median Min Max p N GM(GSD) MeantSD Median Min Max p
ng:zgg 22 505 (1.78) 59.4#36.2 49.9 17.5 1334 26 83.0 (1.92) 112241482 80.5 383 8125
(mg;ﬁe g 6 561(159) 603:207 678 228 807p)0.05 7 77.9(1.47) 826:202 863 443 128.9 p)0.05
Seat-cover 62.7 (1.65) 69.4+33.1 641 315 117.8 6 80.8(1.48) 86.6:34.4 780 448 127.9

replacement

"N : Number of samples TGM : Geometric Mean
TGSD : Geometric Standard Deviation

M= 80.8 ug/m’ T, 2FAF 2N T2 2
T A4dE st EAZ0R {5l t=A] gttt
(p>0.05)(Table 4).

2) Z=0|M|HX]| (Particulate Matters 2.5, PM25)
AHE PMys S BARPEAC] 54 HAzk
RS AR, Aa A AE diEde R A
B9kTHTable 5). 454 AHE Fo AAZE 5 10
2 HHoz S5t Amarh 4E 1,00094 ol
oglom, A7 HasH: B4l Ytk PM259)
T B7P7t o] FoiZ AdE B, C, D, E, FollA 71 Wi

www.kiha.kr

SMean£S.D. : Arithmetic meantStandard Deviation

FolA= AMo] 7} 4.83 yg/n?’, 5.55 ug/n’, 6.61 ug/
', 9.89 ug/n’, 7.45 ug/m’ =91 vhA, HAdr] F
(ClsHA 9 HP)oll= B~F AFIE 7+ 44.5 g/
n', 42.88 ug/n, 28.5 ug/nt, 30.5 ug/m?, 18.3 ug/m’
2 37 R FaAdEn ol E O] F &5
T7F Z+ 10.24H, 7.749H, 4.384, 3.084H, 2.58 =3tch
AR B~FOlA S22 B9t ti71EE TEAS
PM2.5(air_Korea) &%+ GM Z 21.8 ug/nf, 31.1
ug/mf, 25.8 ug/nt, 19.6 ug/m’, 13.7 ug/m'S=Z ol5H
& Y FolA B7ReE gt fAEI AL, AFEA BollAl=
olFHA I ti7|ed Eet oF 26 =UT
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Table 5. Concentrations of PM2.5 at aircraft cabin cleaning by workplace(direct reading — area sample)

(Unit : pg/m’)

) Company B Company C Company D
Cleaning VE oM oM
workplace i § i i i
p N (GSD™) MeantSD® Min  Max N (GSD) MeantSD Min  Max N (GSD) MeantSD  Min  Max
. 3.06 348 5.04
Cabin 2009 500 483:633 038 5016 2539 o 555:867 058 1030 432 00 661:42 10 160
35.0 318 202
Stndoy 8741 5% 445222 038 2527 9045 (Lo 428:328 10 300 9108 (%0 285:240 10 3900
47.9 305 26.2
Bus 2122 (10 4964127 217 1132 6043 [0 386:289 751 2000 5091 (50 3224226 30 1570
. H 2138 311 258
ArKorea! 31 Gl 22762 110 240 56 JLo 3344124 120 710 53 (%0 270578 90 470
) Company E Company F
Cleaning i
workplace N GM(GSD) Mean£SD Min  Max N (GSD) MeantSD Min  Max
Cabin 8246 024 9ga#04 10 570 3014 2 74475 10 1460
Standby 4,178 éﬁg) 305:171 10 810 2,529 (;ﬁj) 1834121 1.0 124.0
Bus 3654 232 263+133 120 640 2883 -/ 138#64 10 580
Air Korea 32 (192'8) 202¢46 110 290 55 (]32'5) 141432 60 230

N : Number of direct reading data TGM : Geometric Mean TGSD : Geometric Standard Deviation

SMeantS.D. @ Arithmetic meantStandard Deviation

IAir Korea: Atmospheric observatory

3) E247}=(Black carbon, BC)
7IHAHLZAR 478 iAoz AA7E 3t
B9 ARIFEANF) 47 HueEe AMOE 7
3.7 ug/m’, 3.94 ug/mt, 4.04 ug/nt, 2.51 ug/m’, 1.59
ug/m’, 1.95 ug/m’ O]AHTable 6). HA| A2l H
T+5E= 3.01 wg/n’ oA, 3T L HAFHAA

=

UE B =E 5 5% SAFLE Rt A=
olekdek(p<0.05). 4789 7HE =27 ZAio|
A A AM FHigk2 6.89 ug/molReH, 6 ug/mS
ZIsk= AEZF 270(4.25%), 4 ug/mE 25k AR
7F 117023.4%), 3 w/mE ZIsh= A=Ee 2470
(51%)7F AU

Table 6. Concentration of black carbon exposed to aircraft cleaning workers by cleaning companies

(Unit : ug/m)

Cleaning task Company Airport N°  GMT(GSDT) MeantSD¥  Median  Min Max p-value
A GH! 8 1.93 (3.21 3.7048.21 2.14 0.004  303.24
Ouick transit B GH 6 264 (2.86 3.04+3 53 318 0004 97.87
cleaning C GPT 9 274275 4.04+43.93 321 0006  105.07
~cabin general D GP 9 171 (266 2.5143.02 203 0004 11278 p{0.05
F Ic” 9 1.07 (318 1.9543.87 119 0004 12810
Seat-cover E IC 6 1.03 (2.88) 1.5942.02 122 0.004 91.50
_replacement
Total 47 176 312) 301465 201 0004  303.24 -

N : Number of samplers TGM : Geometric Mean TGSD : Geometric Standard Deviation

$MeantS.D. : Arithmetic mean+Standard Deviation
** Standard error

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 171-187

IGH : Gimhae Airport, TGP : Gimpo Airport, “IC : Incheon Airport
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2. QOHQIXIE HETA 2N At

PM,5(Air_Korea)t HA2AA 257t g ot
of Az HFHHORE 8T PMys(S, Y, F)
FEE ZF 0.387 (p<0.01), 0.555 (p<0.01), 0.416
(p€0.01)9] AHTAE YA, ols HAo]| 1A%
g =AM H&9t 0.361 (p<0.01)9Y AHIAES
Hth A4 ZFAR] BC BE: PMys(E, 5%, F)
9} 2F 0.28~0.58 (p<0.01)2] AHTA7L = A=
H71E A3, PMys(Air_Korea)?} 0.19~0.48 (p<0.01)
o] AIAE HJHTable 7).

w
Hr
rA
1o
e
oY
Bl
H

IH= Table 83 29kt AFRIE BolA= 247 Bo.
= PMio 39.9 ug/nf, PMas 21.9 ug/m', PM; 18.4 ug/

', U 76 wg/m’, T 41.2 g/, T 25 g
/it o]t AFFA CollA= 397 HHOE PMyo
50.9 ug/m’, PMas 30 ug/nf, PM;y 24.5 ug/m’, &4
90.3 ug/nf, A 52.4 ug/m’, T84 33.9 ug/m’ 5
Fo|qlth. AFFA DollA= 397t BHOE PMy, 36.4
ug/m’, PMas 19.2 ug/mf, PMy 15.4 ug/m’, S44
83.7 ug/nf, 24 37.9 ug/m’, T&A 22.3 ug/mt 5
Folqlth. A EXA| &AE $ot= AR EollA= 2
A7F FHOE PMyo 24.7 wg/m’, PMys 10.1 ug/n,
PM; 7.37 ug/nf, XA 52.43 ug/nf, =4 26.2 ug
/nt, 873 12.6 ug/m’ =l PMyo 5 PM2.5+=
A B ~ DOl 53.2~55.0%, AFd7 EollA 41.3%
R, PMzs & PMi= AFE% B ~ DollA] eF 75.5 ~
79.5%, AFAE EOlA 56% =0 ATt

FARE Aol 8 4H] OPSE AREsHo] 474
FAEEE AWEH, 1 molst YRt oigh ARdE<

Table 7. Correlation between PM; s and black carbon concentrations of aircraft cleaning work (area sample)

Chssieziion PM2.5 PM2.5 PM2.5 PM2.5 Bus PM 2.5 Black Black Black
Aircraft_Front Aircraft_Center Aircraft_Rear - Air_Korea  Carbon_1 Carbon_2 Carbon_3
Pearson correlation 1
PM2.5
Aircraft_Front p-value
Nt 23,858
Pearson correlation 897" 1
PM2.5
Aircraft_Center p-value 000
N 9,423 9,424
Pearson correlation .902” .903” 1
PM2.5 -
Aircraft_Rear p-value 000 000
N 21,693 7,296 21,694
Pearson correlation 672" 454" 730" 1
PM2.5_Bus p-value .000 .000 .000
N 21,255 7171 19,098 21,255
Pearson correlation 387" 555" 4167 3617 1
AIiDrMKzéééa o—value 000 000 000 000
h N 23,858 9,424 21,694 21,255 23,859
Pearson correlation 304" 323" 300" 287" 193" 1
copek p-value 000 000 000 000 000
B N 17,769 7,433 15,804 15,854 17,770 17,770
Pearson correlation 4047 4977 349" .339" .303™ 344 1
CaBr'tfcfrf , p-value 000 000 000 000 000 000
B N 19,803 7,606 17,793 17,834 19,804 15,605 19,804
Pearson correlation 382" 587" .306” 3017 3447 .298™ 4947 1
Ca?fgr'f 5 p-value 000 000 000 000 000 000 000
B N 18,961 6,785 17,591 16,938 18,962 14,723 16,545 18,962

NT : Number of direct reading data
" pC0.05, i p(0.01
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Figure 1. Cumulative size distribution(mass) of particle by OPS(optical particle sizer, TSI, USA)
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Figure 2. Cumulative size distribution(numbers) of particle by OPS(optical particle sizer, TSI, USA)
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H FF FHEZ(%)= A BollAl 25.6~29.6%,

A ColA 15.6~52.4%, AFAF DollA 19.4~38.5
%, AFAF EollAl 15.2~39.4%, AFF% FolA 13.6~
26.8% F=0|9 oY (Figure 1), &5 FHEZ(%)Z
= 2E ARAOIA 1 melst JR7F 90%01d-E ZFA]

3l QoS 9 & %ﬁt}(Figure 2).
v.un #=

AT 2 Fg7] awEAe] TR 9 2
L B3, PMys 9 A& E(DEE))
20 BUHEBO)S BESES Ty, B
YARE, SefARere] v BA 52 B9
FAdRAL AT, A mBL

AT 5 ol VY ARISILA Sl
337 FLATE HIFTALY A9 MBS
Ayl A= Aol et £FE Ak, 23]
Aol 71 BaAS Ak, WF, AELA, 25 5
A% AdEE shegsts gez 9=t Aue
FEAE FIFEANA SFehe ALAAG Ak
AL HE oA AR AGEAAAES B A &
ok Qlgict. =9 FE7] HaAe] AL wFA
M BB AL AEoR SHe ZYAA
HAURE SYSIL 97 5 AelAE 271 I
o TYLY HAURE Sl T AT

N,
o
b

AAl= ol Hd 10~12tH9] 3715 olaotHA &
Aottt JSHA= AR I, Adas 52 £
oot AR F2 ogto] o1F 3 tfAx HFHL
2 AAsitt. v FEHFIAGE R, 5 |
AZRAAD= oF 39702 HAE=(201749 3¥ 7]
3), o] T ALERY 7S Zgst= GA7E 2770, 2
22X 4 oF out o g2 =A51¥ 1 (Lee et al., 2018),
o] F FT7] FAE o= A= I 2074, 22

ot

H

)

AXRE glol A Y57k AgEigon, 2ol

; a4

; Agto] B, 39 W o7l % AT

o gl B9 olFeE WA o] Mol s 5
o X3

[e)
Azl bPHolA] Fotitt. 57 HaleTAHe]

www.kiha.kr

T

alegA B 58 Fil, 3 HHelAe oleHa
fox]
=

=
LE37F A, HI e 3L Al GM 74.4 ug/
n', F|igt 454.6 1g/m'e.2, o]= ul FE A QA
A7t B3(ACGIH)OIA EAEA d= =284 &4
H171E03 mg/m)T H|wsHH, FHigto] Hi7|EY]
oF 15% F=olth. = EAR BAY LEAE
HdoRE SFAGEXE F7IRt AFolA GMeE At
37 103 wg/m’, BAETH 38 wg/w’, BE2FH 49 ug/
n', HAYAAL 53 ug/m?, FAERE 77 ug/mietl B
IotHE=E(Lee et al., 2019), ol 7| HALFA}
o} FARE FEfEo|nh AFRA HAE B AUE
71 A A, FE gk AoA Ay B 52 E
67 ug/mollA 50 ug/m'O2 FAAZ] T AFFEA L&A}
o] Fulyt Hub A=of it E¥o] FAsHal

~
@
~
=
o
o)
=
o
o
—t
=
)
o
S
g
>~
o
™
N
>
o
N,
2
o
N
1o

t}al B a15tod(Skulberg et al., 2005), &37] H4Ax
A 3571 Ago] Higt EHT S fe X454
B g A kEo] adE U 5 9

AL A9 &Y FA] WE PMys =287 2
3}, AFAE FRRIRoA] AM 4.83~9.89 ug/m’ =
ojgloy, oF 9 WA T Hr|ske AhoA=
28.5~44.5 1g/mZ OF 4~7 ML £& BT FZo|
At T3] W= 37| AH0] AEdls FE
AlZE 2F 103] o] 7171 sl ZEE AR <%
02 HAZAE APote|gte PM, s8] 5= e @
Atk oRE HA 9 ofeloflA F7|7) AFSHE 7]
g2 gi7|sk= A § 3% PMys 5% B7F 2
3}, dut gi7|eg 719 JAEAR] 50 /e 23
k= A&7 H7HA ARl o HAA=S] <F
10%~40% <=0 it}

Lee & Kim(20172)9] A7ollx == =ujgo]
PMys &5 499 ug/molRem™, Lee et al
(2015)9] Aol SFu|eHdS] PMys 5k 62 ug/
m'(27~240 ug/m’) =02kl Btk A|ohdtz
A L& PMys Bites B7IgE Aol 7l
21 76 ug/mf, SF-H 63.2 ug/m’, I 39.7 ug/m’
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0|91 (Park et al., 2018; Choi et al., 2019), =|=-
o I&ELE $EE FYots BEAWS IR PMys
e HUKE Ay oF 24 g/molUthHRiediker et
al., 2003). 37| FaksAis SARARLL FARE
QAo =E2EH= o7 FriEy, HE AHH =
QQRAR} T 7|0 wEo] PMysol ot Haq- ¢
BAWE 5Z AAsk= 5 TS 2871 ok

T AAA Ay g A7HGBD, 2020)°4 7]
29S Y HAR & JFo g HustiEr|, 1o
% MHA|(particulate matters, PM)E F8 210
2 A 5okt Chen & Hoek(2020)9] tlA|AA]2} AF
TEo]| gk HeREA AFAxe] mEH PMys &7t
10 wg/mt S7FE wimpet BARLAY ARG ATield
(relative risk, RR)°| 1.0841(95% Al=|77k: 1.06-1.09)
=oRittar sioith. A7I7ke] PM, 5 kg3 AEESt
of gt =t B4 Aol A (Alexeeff et al., 2020),
PMzs7b 10 wpg/m’ 37K wjuieh, H3d APGE©]
24%(95% AZFE 13~36%), HEF 13%(95% A1=]
F7E 11~15%) Z7Fekcha B uskeich T3k Q1A]7]
5 ZFA(Sullivan et al.,, 2021)2} &=3loly i
=0l ZoE HISKYE=H, 53], PMys %
32.69~39.67ug/mel =Z" 604l ol =gl ISE
AH(1,7427 H)olA PM,s7F 10 wg/m® 571 wfwt
o}, d=sto|H o] 2~5% S7Ithal HIsith
(Yang et al., 2022).

LE37ME Yot 5 SHAGNA 7P 7k
7154004 ST 7] F PMys S5 H|asHd
GH 33°M4+= 3T WHolA o 288 =2 555
Hol 39 W 2@¥€o] S 4T &+ Ak
PM,59] 9 2 5 DEEQ] o] uj¢- & Aoz
T A Q= (Fraser et al., 2003), 7] 422

l

5
255 37|15 Arlsk= o 8% H
35 T8 5, F4, AlolHE 52 Edoto]
OF 200{tf oldo] Hasitt. ZIWEAZAR}F 478

oz AATE SH3 EHHL(BC) 529 A
HisEe AM 1.5~6.9 ug/m’ 522 TA4A] 29
AR eEsr R FARIEH. BC ke &
T 2 AR mE kEsE S Aolsiglon,
GH Z3olA B 3.8 ug/'sE 7F¢ =kl 1C 339
Al 1.8 ug/w'E 7P Rodth AQE EB7lA AM

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 171-187

o] 6 ug/mS ZIH= Al=7t AA 4770 A= F 270
7F A=, ol HA 9 HAIRHLNAN EE=
=59} S AKSE 20|99 tHLewine et al., 2007). A5}
HALEAE Y4 CE BC HdsLE B7IRE A+olA
71€2] 9.3 ug/’, S5Y 5.9 ug/nf, IFY 2.2 ug/m’
21 H 135k tHChoi et al., 2019). =] A=A
FAAE A OE BC & srE H7IRE Aol|lAl Hf
SAAE T2EHY VIR o] AuEH T2
GM &= 2.18~5.42 g/ $2019T, BHS 3.46
ug/mrolR e, FEZEO] 49 1.29~3.51 ug/nf, B+t
1.96 ug/metal H15HtHLee and Kim, 2017b).
ZA 718 BIIRE AolA A SHESYE
H % BC 5kv $HU4=E 2.2 /', FLoll= 2.5
ug/mol AL E5] FL I AT 6AI~2F 6A))
o= 3.2 yg/m'ekal B stltHLee, 2016). =W %
SHARD B4, A, AZoA B7IRE A 7|9H3
% BC &EE 1.4~3.4 y/molgtal stTHYoon,
2016). =i Sdoll Y|zt okAk s 200m A4
EE2& 0|83t 7] ¥ BC HutsZ+ 1.64 g/, 1L
5= QI 3.86 wg/’, & EA 3.10 ug/uf, HSHFET
A Y 2.67 wg/m'E BIsttHLee, 2018). ¥4, =
QJof|A= Gatari & Boman(2003)2 otz a7} Auke]
TAA BC &&= 1.4 wg/m’, A& 0.7 wg/m’ °1%
3, ul=h SFAOA LESE {1 =9 BesEe
0.2~0.5 ug/m’ $=Zol2t R 13l9ith BC &&= A
2Ol IS wh= Aozgn UgA ey, ALE &
T(4.4+1.7 ug/m)7F A5(2.0£0.7 ug/m)E} L7
T 59 Aol wet =t g3 A Athlyamani et
al., 2011). o Q4= F2 4~6¥ F BT 24C &
9] 7]200A A=W AZHoe ta w2
=Y Aog FHHEY. FF7] ALY T ZuAEA
A2 AR A0lA PM,s/PMi°] 2F 0.54 4==0]
Fon, Y ARRr|E e E FE FAAY
0.61), =2¥(0.81) ¥ TAXY(0.86)(Lee et al.,
2012), A9Fr(0.72~0.77)(Lee & Oh, 2008) ¥ A&
A(0.75)(Kim & Cho, 2004)°14 H7}et Ao} v
ShH, 22 A9 =W tiehdE Al 4FE Ex
oAl PM.s/PMice= X 0.64, 794 0.6, AFA
0.72, A& 0.65 $==0]AtKSuh et al., 2014).
T W 94 A B8, T2wEHY 482 W
A oo} HiE7tA |7t tha &St thEEY A
o] uj$ =9 xof At 53], HAhksAE0] F57]
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 clojstol AMgahuz A4 204 o AT 7
o]t BawFAE SAI2 el 4 9] Aol &
U AT A ke 490 e gl
Seb] A ol5S e HA 0 3% 1) o
4 Ao et WEA B 0 BelES o
=27} Ak AT} SR 8AKE HYLS AN
L S oF 54K oY) AZEE B2 BolA Hlst]
HAEZ S Aajsls e 235k, Ayl g Az
2 oF 34 FEE Yleks 2y Gl i A
o] Wasith. w3 FF f BAAAAEo| YT %
ol ABNS HEg ulaste] M2 HelAl 71t
wA WS JBS 42T Wart o

o 79l Ao S PR LYol
3718 oz WL Aol gL F3%t
Barel A W WA olRoAT s, A8
wi Srstel AE WA W, AR okt
o A9 FIelA AMgBHE BE 52 Yol WAZ
gol, AHES s Aot et AU F PMas
5 o] el Brke Aws Fea, %
7h Agake Ao gk SRl okA) Bk Aol
At APA P BAE T P2t 3
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F7ret A9E gofshd thedt Zth

L 34 F57] B& A= F3AF AFAE St
SI=EFHIE o]FoiAAL 9leH, F37] 2FLAE
A, 71785 5ol et AR 3 FAAZE] LA st
Al Fokl, % HdHY oM Z5sto] olEol Al
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A 74.4 yg/m’, NEDA 49.3 ug/n’, 7R8I 4
e 47 8 ug/m OF ¥, WAL F s

= 454.6 ig/mOo T EXEA &2 &4 B9 4
117]%(3,000 wg/m)Q] °F 15% <=l Tt

3. &27] 71U LutgAZdoA =4 AH|E o]
83 ZURAPM, S 24 ST st B
7Kt A3t A ROl ARIE AM 4.83~9.89
ug/m’, WA B QR 737 o A= 28.5~44.5 yg/m’
FTEoE &9 AT IFo] wneH, dirieHd
7129 TAGA 50 ug/me& 23Sk A7 AR
H ok 10~40% 0] 3lLt.

—ﬂP‘i:(BC)ﬂ s 7HRle=g7t A, oF 2~7
ug/m’ FElR, k2 QoA PEEE FesEd
FARRE oo, JA 371 R IR S
BHBA 52 3l I} U 42 0’5 o BT
5= 5 *Fsh= ot AT HigEol 78 2
dhor =AUt
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