SIRAIAEIABIE(X|, H33E K25(2023) ISSN 2384-132X(Print) ISSN 2289-0564(Online) Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 171-187
https://doi.org/10.15269/JKSOEH.2023.33.2.171

37| 7| ALSAe| 2, ZO0MHX|(PM,5) H SR LE5+F Gt

MHA

Exposure Assessment of Dust, Ultra Fine Dust(Particulate Matter 2.5, PM,5) and
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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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LA B
MARF 5= (revenue passenger kilometers, RPKs)
L 34 1087K2008~2017) AIA GDP(Gross Domestic
Product)®] AZHEAAAZEQ] 2.3%ETt 3.2%p =2
5.5%9 AFE= UEMIATHKCA, 2018; ICAO,
2018; IMF, 2020). RPKs= 202049 24192 <QIstH
T4 AA(-69.7%)5 AU HIATA, 2020),
| Z7Fsto] 201999] 67.7% $=(20224 7€
S]ESATHIATA, 2022). GDP A%5-2 4fke
FEFS 4 & A= A4S AL
oA AR o B2 ofAEo] H A
P = JA =t olHT FE
o= FF717t AEste] A o|5T o
THA] Aol A o] FolA = a7 Rk, AH], Hi, Al
o|E]%(catering) R 3= &% T AFEY(aircraft
ground handling) % kaAsE I S716kich
(Lee et al., 2018).

ol A= 18~199 571 7IH HalesArY] A
oA S5 As 2 HAAZANA E E A=
AEZo] FFEUTE =To] WAsHHA HALFAL
£ LR sk ANl Adehd 764 3719 2
QA0o] A7|=EAHKim et al., 2019a; Park et al.,
2019). &371 71H Fae F5719 TS Al o]F0i%]
= YubYA(quick transit cleaning), FAIZE AF Al
o|FojA= EHHA(layover or special cleaning),
aEAdsto] 3 o] RofA= HEH4x(deep cleaning)
o2 FEEo] AFPHKYeung et al., 2005; Kim
et al, 2018). WiPaE HHE, 247 4 4
S HAS F2 SYSHA(F 20408 48), B
Fae AT3H4E, FU% 9 Avt F4, AEWA 5]
F7F FYEH(EF 60~90E £9), FUHLE= v &
HAaet Akt 5o F7F F¥ETHeF 447 &
R)(Park et al., 2019).

71 AP F1 dHEE 357 R4 FSi
AIZE W &GS F385todoF sh= E4/d0] 9o,
A3 ZAAR A ot FZAA 4, Bl A
22 t7] F =E2Fe A, AR, gEdx
Z%E(diesel engine exhaust, DEE), HAA&AA|, A
A 5ol &RE e 9 ozt wditF 5ol ot

Agd g8l 5o =EHKYeung et al.,

2005). &3 37 HALEAE e R AAg A
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ZAIA 7T A Al EAst= B2 =0 of
FEHS 54V =ty HYSHtHKim et al., 2018).
JMHA = ZFA|G A4 (nternational Agency for
Research on Cancer, IARC)°IA] AlgolA &< &
e 5= e 242 52 H(ARC, 2016), HY
A 919 & of2KPope et al., 2011), ol 2-3H
A PEFE "AH 25, A7NES FI6k(Kim et
al., 2016; Liu et al., 2017; Zhang et al., 2019),
F%(Chang et al., 2015; Li et al., 2019), &=
714 A9 (Torricelli et al., 2013; Miyazaki et
al,, 2019) ¥ HY IS d3MAXIHI(Wang et
al., 2020) €A Ut} &3], YA 37195H4 A
7o) 2.5 molskel Zu|MHA|(particulate matters,
PM2.5)= AFFES S7MA71L, 587 A% 4 AE
WATS Fdoks A0 d#A UriEjohwomu et
al, 2022).

3% UWol= AR ARREE EY EdH
(towing tractor, HIB7|E F7IH2& o|ssh= &
H]), A%l7Kstep car, 54 58 AD) & W oS
gt HARIRFgo] AREEEY|, AR =20
Bl H8Z WA %1, AiFoE LS x| o] Hj7|7}
2327} 4253 "otk JARCS <F 3049] gskalt
A3 EA4sto] DEES Q7] HdS dor]= g4
gt EE2(Group 1), H8%S do7l= dddil=2
2 EFSIATHIARC, 2013). E3F &= ¥ Huko] 2=,
714, 7l 53 2 557 34, 7 583 ofA

= o AL SIIEHUS EPA, 2002). =4 &
TUFAASAAE R AR It kAl
A AEE Ay AEAAEEE AAlsHE, A
Z4Zo] mote A7 A 2AAE 9 o = 7E] FAL
AHF)ATY] Hd EZPLH]7L 1.44(95% A=+
7 0.98~2.05), 9" 5= EAAT BT}
1.32(95% AI=|47E 0.

al., 2021).

off r_ln

¢

d

92~1.89)2 H U5t THLee et

25§37 BAwEA0] SokE A7E ggle
O, eaE L M Pa wEAe) ARgge 24t

St A(Bello et al., 2013; Lee et al., 20147} 4}

1, FalesAe] et Sd(review)dTolA 55714
o} m RS IZAAES, Y, A SOl gt
A7 GgFo] HES Bt Charles et al., 2009).
A ZAARLe] 2AFAd A4, vlA(Folletti et al, 2014;
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571 7IH HaSAe 2

2015) ¥ "A=A mEAGBauver et al, 2013) o]
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 Ead AHIKim et al., 2022)= 1
Qo 31 9 DEEY| gt k&5 o] oA
= 2ud v ik of¥ AFolME FE7] Hh
LA kE2EE X 5ot AFEE, PMys,
DEE9] =&X% EZZ ZHA(Kim et al,, 2019b)
Ed7H(black carbon, BC)oll tigt B7HE AAlstL,
AT YIS vhHstA} skt

. O % e
1. QI T
S 3R, FE AR Fael 74 2 Yo
ARG 7105 Tgom ML, A3
&), AERA, HiolF AQow el A
2~39 (R 6~13%) A% 24 SS9 4T
QA 57iaE GFFTAS AUETRA FB] A
A% W FURAT, ViaE AHESRTA 387
HANS STt AT ARIARE Table 13
2}, ARAE 20199 48~6900 7l L AR
AHFAS FBAAL, 24 64014 23 3400 A
= A

dhgom AXsisIEh AR AHEOR Pais
A 257] FHAA TFY Biop, EH7REBO)

Table 1. Target monitoring workplace

al
b

OMEXI(PM,5) X 272 =E24F 7t 173

of g WS 4R, AGAR AFPEOE F
A% F 937 % ¥, Y 3 A8 9 Baws
g A

e, ZHIAHEA]
(PM,s) ¥ ER19] JdAEZ] Higt H7IE $H3Ict
PM,s @ EX9] 974 EXxE= &4 |5 ARES
of AA|ZtoZ AmKEtt AGGE Z4RIA9] A=
A4 D JAE= Table 29+ 2o} QX E HF A
H7I RO A &4 54 9L FHAE FE0] Yol
B8 AX & AAstgeH, JE A= A
S AREoRA] gl AR 9 A i

3 Yo, HAE HYw
2719 sttt

r—|-l OE

T
o] NEAFH= ST £4%
PVC 9#}-A](Poly Vinyl Chloride, 274 37mm, 5=
5um, SKC Inc., USA)ES 7M|E(3-piece cassette)
4 2o Ho]Z2(SKC Inc., USA)l Z+ st
19 A=AF7|(high volume air sampler,
Casella Apex2, UK)E Ar&sto] AFHsHATt A=A
F F2 FEAL 2 Lpm(Liter per minute), T8
A4 BEAL 2.5 Lpm(EEY E4, 4 m-cut-point) 2
2 AJAIEERE Al RS AQFSIH. AR F 7= A
A A T FFEAY7|Dry cal, Defender 520-M,
MesalLabs, USA)E ArEsto] -3 EA s
T A= A8 AlEAF A PVC ATAE HAA

: ) : No. of . Sampling Period
Airport  Company Carrier Type Cleaning Type Workers No. of work shift group (Do)
. . . April, 2019
GH A LCC Quick Transit 14 Day(AM, PM) 2 group (3 days)
+ . . April, 2019
GH B FSCT, LCC Quick Transit 90 Day(AM, PM) 8 group 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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Table 2. Sampling method, time(interval) and location(task) by hazards

Sampling Hazards Sampling Sampling * ,
oy 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 ergslet ¥, sEx 107 gl HAAXXP2U, 4
i E X2k5ly)
ﬁetti!er ;]c;lfdo »SWl-tijian-CDjLi :—oﬂlf ;%"5}; C B S%(ne/m)
O o] =A%l <o -O_ ZH=
oA S, A A 9 a8 B gy S AR F
2] ar = =
:7; /qo 19 o4t =o] Az A7|1 oz =) L 2 Wo o Alm2] A=A A 77 ng)
AT i SYEREAIN b, gaze ARAR T 2AG)
o o =X10| =
ZRE O PRSI 7, 38| S SHL AL g game) AmAH A FAMw)

2 NRAH F FA sk
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2) ZOIMRIXI(PM,s) S& 573 U 24
PMys9] 272 At W49 Fof

AM 520, TSI Inc., USA)E o]-g3to] AAIZto g A4
2G5t S-stat. 71710 F2E PMys A8 A
El(impactor)E ol&st] £x19] F719e4 #Ho]
2.5 m ol X2 AAstL HFHstR o,

o
2 A& ARt Arle W o H, S E
= HA2ZAZ7E Bl b= oleH A YR 5ol 1%
sto] 2ot 57471719 37 = 7hee &
GAte] 557 G 7k Fhol AR5kt A%
H AmE ARAR] AZEQo] =2 JH(TRAKPRO,
TSI, USA)E o|gdlo] theZE Higton S
ksl 93t FEEAASE du 3R &3
(ambient air)ol F-&st= 0.382 Foto] A&

(optical particle counter, OPC, Model 1.109,
Grimm Aerosol Technik Co., Germany % optical
particle sizer, OPS, Model 3330, TSI Inc., USA)E
o|g3lel ANtoE AR B AT Waysh
o 273Gttt 47142 OPC 6%, OPS 1022 H4
7¥etal, AR Wx= 1.0 g/aflE 7St
OPC A= 0.25~32 m 2719] 4AE 3170 A=
7| F7koR ol Bl 2HARE SO
AFste] PMyo, PMzs, PM;, &44(inhalable), 34
(thoracic), E&4(alveolic) EXE FE2 75
o} OPS AH= 0.3~10 m 2719 YAE 167 LA
7] FoR ol Wi, A4E FUnE 2
SBE RHEE £2g Amug,

4) 27t=2(Black carbon, BC)

BCx= Y4B (elemental carbon, EC)2} T&Eo] &
7] & DEES] keEA|# & ARGEE=T, EC BC= o154
‘ol W 5= ofH, oo SRS B
7IsH EC, AARE &747]00 93t dil= BC 5= F&
o}, 2 AARE S70] 7Fs$t BCE DEE| & 4
ol E8sh= A7 E7IkL JtHKim et al., 2019b).
BC == =42 oz u]E(aethalometer, Model MA
200, Arthlabs Inc.,USA)E AR&5I¥=H, 717] WH-9
o] 712 (polytetrafluoroethylene, PTFE)Ol A3 == <
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Aol oI5l 570 =375, 470, 528, 625, 880 nm)<]
dlo| el AE(EY Hak)S 7t i W i
2 Wiglehoy], BOSEE 880 nm THolH 243t gto

B AESIelnh 825 102 70 = 717] ol A%
stom, §2 150 ml/minC & A3k

5) X220l %2

71 T NEAFTHoE STt A= A= G4t
A A8E AAlsie] B B4 AnHEglon, EAEE
of Wt AR e 8T EEE UEA g BV
70| EA4oto] HFakE A& (arithmetic mean,
AM)T} 715 E 1 (geometric mean, GM) 502 H%F
AAlotTt, HoH| = EAREA(ANOVA) ¥ T-H%
(t-test), FoNAA}; TF A B4 pearson A3
A S AAeth Axr B4 9ttt BAAYE

A
SPSS Z2IF(ver. 18.0, IBM, USA)Z °o]83l3ich,

AERE I 554 B3 529 74 g
5 EEE= AR Aolot=t|(Table 3), 7191729
2 2709 A9 Hdigh281 g/, 146 ug/m)E oAt
2 AAsHH B+F Exsk= 40 AL, IZHA
1709] 3454 pg/ )= AA Al A EEok=
E490] SISlth. A ERAAS] A9 oA A|A glo
g+t E3Esk= §40] St AtRE ol AIE Al
AsHA] kil AA|RFR | gt AM, GM, TH5E AlAl
stk JEg4olA AM 98.2 ug/m', GM 74.4 ug/m
2 7B =9, AiHIFE] AM 56.3 wg/nd, GM 47.8
ug/m?, ANEXLA A AM 52.6 ug/nf, GM 49.3 ug/m’
Follon ZAYPEFo "t FAZCE FoJstA B
STHPC0.05). tet, &Y AHdS 3T A9SE 5%
A BA 5o BAFoR fosH t=A] ok
(py0.05).

2

rorlr o

—_

AT ®Eshs 540 dglen, 7IW AR 4oA
GM 50.5 wg/m’, olsH A WR(AR)ANA 543 5%
£ 56.1 ug/wt, AEXAAE= 62.7 ug/m’ FF0IA
o TR 7|W AR 4olA GM 83.0 wg/nf, ol
WA YHoA 243t 527 77.9 ug/nf, AEZA

—_—
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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 (2.30) 93.1+1058 465 363  281.9
ngf;a;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) 563420 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 876 346 4546 p)0.05
—cabin F IC 66.2 (1.69)  74.9+43.4 540 385 1493
vacuum Total 16 744 (1.96) 98.2+1034 597 346 4546 -

rggf‘;;g%‘gt E IC 10 493 (1.48) 526£192 507 212 905 -

Seat-cover E IC 2 306(1.75 331#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 805 383 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 SN T2 2
T A4dE sk BAZ0R {54 t=A] gttt
(p>0.05)(Table 4).

2) Z=0|M|HX]| (Particulate Matters 2.5, PM25)
AE PMys S BARPEAC] 54 HAzt
RS ARt A AAdEAE diEde R A
HOITHTable 5). H54] Au]E £
2 oz S5t A 4E 1,000994 o1
ojgleH, gt FXdh= Sl ATk PM2.59] &
T B7P7t o] FoiZ AdE B, C, D, E, FollA 7Kl Wi

www.kiha.kr

SMean+S.D. : Arithmetic meantStandard Deviation

Folx= AMo] 7} 4.83 yg/n?’, 5.55 ug/n’, 6.61 ug/
', 9.89 ug/n’, 7.45 ug/m’ =91 ¥bd, HAd7] F
(Ol 9 HgA)ol= B~F AFAFE 2 44.5 ug/
n', 42.88 ug/n, 28.5 ug/m’, 30.5 ug/mf, 18.3 ug/m’
2 337 R FaAdEn ol E 7] F &S
T7F Z+ 10.24H, 7.78H, 4.384, 3.084H, 2.58 =3tct
AR B~FOlA E8717 B9t ti71EE BEAS)
PM2.5(air_Korea) =+ GM Z 21.8 ug/n’, 31.1
ug/mf, 25.8 ug/nt, 19.6 ug/m’, 13.7 ug/m'SZ ol'5H
& YHolA H7ReE gt fAEIAL, AFEA BollAl=
olgHA WEIF 7| Et oF 28 =3kt
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Table 5. Concentrations of PM2.5 at aircraft cabin cleaning by workplace(direct reading — area sample)

5O|'

-
=7

| 71l YALESKO] 2%, Z0MBX|(PM,s) X E7R2 LE24F 7t 177

(Unit : pg/m’)

i 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 3.48 5.04
Cabin 2,009 ;7 483t5.33 0.38 5016 2539 ;g 5564867 058 1030 432 (,on 661#42 10 160
35.9 31.8 20.2
Standoy 8741 5%, 445222 038 2527 9045 ., 428328 10 3900 9108 ;o 285:240 1.0 390.0
47.9 30.5 26.2
Bus 2122 (3';q 4968127 217 1132 6043 oo 3868289 751 2000 5091 (o5 322226 3.0 157.0
_ | 21.8 31.1 25.8
Ar Korea! 31 fgn 227662 110 240 56 (.o 3344124 120 710 53 (') 27.0478 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 éﬁ'g) 305:17.1 10 810 2,529 (;ﬁj) 183121 1.0 124.0
Bus 3654 290 2634133 120 640 283 -/ 13864 10 580
’ (1.58) R : i ’ (1.98) o : :
. 19.6 13.7
Air Korea 32 (qTo 0 202#46 110 290 85 To 141:32 60 230

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

SMeantS.D. @ Arithmetic meanzStandard Deviation

3) 227t (Black carbon, BC)
ZIWH 2R} 4798 o2 AT 43 BC

B9 ARIFHEA~N) Y7t HilksEs AMOZ

7}

3.7 wg/m’, 3.94 ug/nf, 4.04 ug/n’, 2.51 ug/m, 1.59
m’ O|tHTable 6). HA| A2l 3

ug/1, 1.95 ug/

TEEe 3.01 wg/m oI+, 3 H F&

SRR

|

e

IAir Korea: Atmospheric observatory

it eE Tk vE2 SAHSE FosH M=

JoletATH(p<0.05). 4782 7HAE =EB7F 23l

A

U AM FHHiFEZ 6.89 yg/molo™, 6 ug/m

Z2I5H= Ag7) 270(4.25%), 4 ug/m S 28 AR

7F 1170(23.4%), 3 w/mE ZIsH=

(G1%)7F AU

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

Alge 2470

(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 (286) 3944353 318 0.004 97.87
cleaning C GPT 9 274275  4.04+3.93 321 0006  105.07
~cabin general D GP 9 171 (266)  25143.02 203 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 3.12) 301465 201 0004  303.24 -

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

$MeantS.D. : Arithmetic mean+Standard Deviation

** Standard error

IGH : Gimhae Airport, 'GP : Gimpo Airport, ™
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2. ROHQUXIE AEEA 24 At

PM, s(Air_Korea)?} HAZAR} 2AF5AT} Yo}
of AYA R AFFHoZ A3 PM, (%, 5%, F)
e ZF 0387 (p<0.01), 0.555 (p<0.01), 0.416
(p<0.01)9] AHHAE BT, ols W20 15
o =371904 B 0.361 (p<0.01)9] ALHAS

Btk HA AR BC &= PM,s(Y, 9, 5)
9} oF 0.28~0.58 (p<0.01)8] AHTAL U= AoR

B7k=]1ar, PM,s(Air_Korea)?} 0.19~0.48 (p<0.01)
o] AAIAS RHPKTable 7).

3. 2710 gen
37 HAAAANA =2 B 948 B

= Table 83 29kt AFRIE BolA= 29497 Fo.
= PMio 39.9 ug/nf, PMas 21.9 ug/m', PM; 18.4 1g/

', U 76 wg/m’, T 41.2 g/, T 25 ug
/it o]0t AFFA CollA= 3987 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. AMFA DollA= 397t BHOE PMyp 36.4
ug/m’, PMas 19.2 ug/mf, PMy 15.4 ug/mf, S4A
83.7 wg/f, 243 37.9 wg/n’, T&A 22.3 ug/mt 5
Folqlth. A EWA| &AS $ot= AR EollA= 2
A7t PHOFE PMyy 24.7 ug/mf, PMps 10.1 ug/mt,
PM; 7.37 ug/nf, XA 52.43 ug/nf, =4 26.2 ug
/nt, 873 12.6 ug/m’ =°IUTE. PMio & PM2.5+=
A B ~ DollAl 53.2~55.0%, A7 EollA 41.3%
R, PMzs & PMi2 AFE% B ~ DOllA] eF 75.5 ~
79.5%, AFAE EolA 56% =0 ATt

FARE Aol 8 4H] OPSE AREsH] 474
FARRZE AHEH 1 molst YAl et AR

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 —value
Aircraft_Front p
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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dH FF FHEZ (%)= A BollA 25.6~29.6%,
AFAA ColA 15.6~52.4%, AFR74 DoflA 19.4~38.5
%, AFFA EolA 15.2~39.4%, AFFA FollA 13.6~
26.8% F=0|d oY (Figure 1), &5 FHEZ (%)=
= EE AFGAONA 1 molst A 90%el = A4
St 9SS & & AAKFigure 2).

”i

V.o FH

Ate S BBV HhesAre 25AY ¢ &
A = 27, PM,5 9 HA&MAIE=(DEE)Y
A#xEZHQ EH7HEBOY seFaS otk 231
o] JBEE, FaAAR}Ie] At 74 52 &9
HAA A AAE S JfAskL, FIA =& S
Fasket 4= Sl TEHREE AlRstarat O]’MD}_-
U F37] FadF= HIFTIAY A5 A3AE
Agste] AR Hutof] gt =5 AAlska, Ag]
AplA 71 AR ARt AF, AERA|, &% 5
AR AAEE stegohs FEHE 2FEqH A8
FEAE HFFTANA stegcts FEAA A
SIAY Hx A A ALEZAGAE S5 At =
@Fotal SIQlth =2 37| HAFA Q] B vlFA Y
M= T571 ALERYS AECE k= 2PAMIA
FAAFEE Yokl 798 T AGolA= 3719 FH
9] TFEVAT BAYFE st I A=
2018) 7]141 01H]—5<4/\ Z_]—
10~12"H—4 FE71E olsstaA &
uvoﬁ\—h/ﬂ‘ﬂ' FH%, Adas 52 X
%LO}% qﬁiii T2 oo 5k o IHE HFH L
2 AAsIt. v FEHFIAERTE, st A
AZRAAD= oF 39702 HAEQ=(20174d 3¥ 7]
2), °] T AR JFE EFck= dATE 2770, &
22X 4= ok 2wt Ho g =459 (Lee et al., 2018),
o] ¥ TF7] FAAE FYst= A= <& 2074, E=
b oF 3o g RAES] (Park et al., 2019). &
L3AE 87 SFAAEC wet AFE AL E &
AXZE glo]l EFAIsHA f57F A= eH, &0l
AHEA T2t 5 W EHokol A LEsto] A
Algto] W1, 33 W 7] € FASE
S HA Yo HEZoF 5k= 5
2z 0] FFHo|A] Kot FE7] ARt
ST W W71FAE vk sl 2 A B

e

www.kiha.kr

YA FFFA 5L 2, i
Bfolo} snE AR F2PAYAL Y ARol H
A GO B R, 3G BRI oFH A
oA 7151 F97} ot %

499 ek o] 9B v A

=37t 75-1_3’4', 1 5= AFHA Al GM 74.4 g/
', gk 454.6 ug/m’ R, o= mlar FH A A8
A7t BI(ACGIH)OIA EAEA P+ =284 &4
H171E(3 mg/m)T H|wWsHH, FHigto] Hi7|EY
ok 15% /\ZO]ME} =Y JEAxR BAY LEAE
oz SRS F7IRE Aol GMoRE Atk
37 103 wg/m’, BASTH 38 wg/n’, BE2FA 49 ug/
n', HAYAAL 53 ug/mt, FAERE 77 ug/mietal B
1olF=d(Lee et al., 2019), o|H 7| HAL:FA}
o} SAlSE Z o]t} AFRA HAE Bt AU

7l A A, 35 v Aol AY X 5= s
67 ug/molA 50 ug/meZ FAAZ] & AFRA Z2A;
o FuRlyt Hub A=of it E¥o] ARl
(Skulberg et al., 2004), FA714 71847

T A 2E2AY] A71E E 57| A7de] A=Y
t}al B a15tod(Skulberg et al., 2005), &57] FAk
A 35&7] Ago] Higk EHT S fe 254
J EX kg A ko] e & 4 Stk

HAAL A9 &Y FAo] WE PMys =287 2
I, AEE FHRIROA AM 4.83~9.89 yg/m’ S

ojgloy, oF ¥ WA F Hr|ske AhoA=
28.5~44.5 ug/m'=E F 4~7 HIAE 2 FE £
At FF7| W= F7IRSAAH0] AEdls FE
AlZE 2F 109] ol 7171 sl EE AA &%
02 HAZAES APste|ete PM, 50 5= e W
Atk oRE HA 9 ofeloflA FF7|7) AFSHE 7]
o2 tf7|sk= ARt F 43 PMys 5% B7F 2
3}, dut gj7|eg 7] JAEAR] 50 /e 23
k= A&7 H7FA ARl o HAA=S] oF
10%~40% <=°|3irt.

Lee & Kim(20172)9] A7ollx == =ujgo]
PMys =&5,E2 499 ug/melor, Lee et al
(2015)9] AtolA SFm|eHS] PMys 5= 62 ug/
m'(27~240 ug/m’) FEol2tal Hsigict. AshadE
A L& PM,s Bites B7IgE Aol 7
21 76 ug/mf, S5 63.2 ug/m’, I 39.7 ug/m’

)
i
B
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37| 71U HASK 2%, ZOMEX|(PM,s) % S27k2 =5+F 7t 183

o]9)31(Park et al., 2018; Choi et al., 2019), B|=
o I&ELE $EE FYots BEAWS HF2E PMys
e HUKE Ay oF 24 g/mo|UthHRiediker et
al., 2003). 37| FaksAs SARARLL FARE
2AAeAo =E2EHE= o7 FriEy, I APH =
QQRAR} T 7|0 wEo] PM,sol ot Heq- ¢
BAWSE 52 AAsk= 5 T 2871 ok

T AAA Ay e A5HGBD, 2020)°A4 7]
29S Y HAR & YFog HIs¥EY|, g1
% UMM A|(particulate matters, PM)E F8 210
2 A 5ok}t Chen & Hoek(2020)9] tlA|AA]L} AF
TEof| gk HeREA AFAxe] EH PMys &7t
10 wg/mt S7FE wimpet BARLY ARG ATield
(relative risk, RR)°| 1.0841(95% Al=|77}: 1.06-1.09)
=ottar skoith. A717ke] PM, s kg3 A@dS
of gt =gt 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%) Z7¥skch . B uskgicth E3 QA7)
5 ZAA(Sullivan et al.,, 2021)¢} &=3lo|y i
=0l Zo=® HISIG=H, 59|, PMys Bk
32.69~39.67ug/mel E" 60A| ol =9l ITE
AH(1,7427 t)olA PM,s7F 10 wg/m® 571 wfut
o}, d=stolH o] 2~5% S7Ithal HIlsith
(Yang et al., 2022).

LEB7ME Yot 5 SHAGNA 7 7k
7154004 ST 7] 5 PMys S5 H|wsHd
GH 33°MX+= 3T WHolA oF 288 =2 555
Hol 39 U 2ol S&E =4 &+ Ak
PM,59] 9 2 5 DEEQ] o] uj¢- & Aoz
T A J=-|(Fraser et al., 2003), 7] 427

5
255 33715 AHlsks ol 8st o
35 8 5, F4, AlolHE 52 Eoto]
OF 200t oldo] Haslitt. ZIWHAZAR}F 478

oz AATE SH3 EH7HL(BC) 529 A
HidsEe AM 1.5~6.9 @g/m’ 522 TA4A] 89
AR k& R FARINY. BC ke &
T AR mE kEsE S Aolsiglon,
GH S04 B 3.8 ug/'sE 7P =9kl I1C 339
Al 1.8 wg/m'E 7P 2okth A9 =& H7lelA AM

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

o] 6 ug/m& ZISk= Al=7F AA 4770 A& F 270
7F A=, ol HA 9 HAIRHLNAN EE=
=59} SAKSE 20|99 tHLewine et al., 2007). A5}
HAIEAE e E BC s E B7IRE A+olA
71€2] 9.3 ug/w’, 5FY 5.9 ug/nf, IFY 2.2 ug/m’
21 15k tHChoi et al., 2019). =] gHujA=|A
TAGE O E BC B ss B7IE AolA vy
SAAE T2 VIR Lol AnEH T2
GM BEL 2.18~5.42 g/ 520|917, BFS 3.46
ug/mrolRh e, FEZEO] 49 1.29~3.51 ug/nf, B+t
1.96 ug/metal H15ttHLee and Kim, 2017b).
ZA 718 s BIIRE AolA Mg SHESYE
H % BC 5kv SHU4=E 2.2 g/m', FLoll= 2.5
ug/mol AL B FL 2 AT GAI~2F 6A))
o= 3.2 yg/mEkal BYsttHLee, 2016). =W IF
SRR FAH, QUH, AZolA 7R A tf7]1eH3
% BC ®Xx 1.4~3.4 ug/molgtal 3FAHYoon,
2016). =i 3ol YX ofit s 200m A oflA
EE& 0|83t 7] ¥ BC Hotsr+ 1.64 g/, 1L
5= QI 3.86 wg/n’, & EA 3.10 wg/uf, ST
A Y 2.67 wg/m'E BIsItHLee, 2018). ¥4, =
Qo A= Gatari & Boman(2003)2 ofxe]7} ALk
TAA BC ®E= 1.4 wg/m’, A& 0.7 wg/m’ o1
I, vl= SFHNA HESE §9 489 Hdeke
0.2~0.5 ug/m’ $=Fo)2t B3Itk BC =& A
Ho| g3k W= Aogn AHA Yy, ALd B
T(4.4£1.7 ug/m’)7F 935(2.0£0.7 g/ ) Bt 7]
T 59 Aol weh =ot A AtHLyamani et
al., 2011). o @+ F2 4~6¥ F BT 24C &+
£9] 7|04 FFEeH AZHo= oA 2 &
=Y Aog FHHENY FF7] HAFY F ZuAEA
&2 AR A0lA PM,s/PMi°] 2F 0.54 45=0]
Fon, Iy Rr|E e E FrE FAXY
0.61), =2¥(0.81) ¥ TAXY(0.86)(Lee et al.,
2012), A9FA](0.72~0.77)(Lee & Oh, 2008) ¥ A&
A(0.75)(Kim & Cho, 2004)°14 H7}et Ao} v
ShH, 22 A =y tiehdE AW 4FE B
oA PM,s/PMioe= EX 0.64, 7394 0.6, A4
0.72, A& 0.65 $==°]AtKSuh et al., 2014).
T U 9 A B8, TEWEHY 482 W
A oo} BiE7tA |7t tha &St thREY A
o] uj-$ =9 xof At 53], HAhksAE0] 57
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2 ATHA 74.4 wg/m', NENA 49.3 yug/m, FHRI &
N4 47.8 g/ 20 B9, WA & Aws

= 454.6 1g/m O EXER] &2 S84 B d
AL7]2(3,000 wg/m)2] F 15% <&l
g2 7] 7| Ly AZRloA] F=A] AH|E o]
S ZUARAPM.5)E 2R AT FFsto] ¥
ket Ak, AHHl WRolA= AFdEE AM 4.83~9.89
vg/m’, W2 Bl o t7] g1 o M= 28.5~44.5 yg/mt
TEOR 59| PR Il wkeH, WA
712 HADAS 50 ug/m e 2= BTt AAAE
o 10~40% oIk

—ﬂH‘i:(BC)ﬂ el AR 7t A, oF 2~7
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