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ABSTRACT

Objectives: This study aimed to assess the exposure levels of tollbooth workers to diesel particulate matter
using black carbon (BC) and to find the correlations among variables associated with BC using the motor vehicle
management act regulated by the Ministry of Land, Infrastructure and Transport.

Methods: This study was performed over 14 days at a university in Seoul. BC levels were monitored using an
aethalometer and were conducted around the breathing zones of the workers. There were three sampling
locations: inside the tollbooth (front gate and rear gate) and an office as a control group. T-test, correlation, and
multiple linear regression analysis were performed using SPSS.

Results: The geometric mean (GM) of BCaomin concentrations in the exposure group was 2.44 ug/m', approximately
1.4 times higher than the control group (1.75 ug/mf). The GM of BCsomin concentrations was 2.75 ug/m* during the
heavy traffic time (9-10 am) and 2.30 ug/m* during non—heavy traffic times (£0.001). The multiple linear regression
analysis shows that the number of all types of vehicles and PM, s concentrations in the atmosphere were factors
increasing the GM of BC(In(BCzomin)) concentrations (adjusted R?=0.42, X0.001). The workers were constantly
exposed to low concentrations (GM of BCaomin=2.44 ug/m’), but they were exposed to peak concentrations instantly
(BC10sec=3545.04 g/ m). When the GM of BCsomin concentrations was momentarily represented as high, it was
identified that a vehicle mainly using diesel fuel or an aging vehicle had passed.

Conclusions: A ventilation system should be installed in the closed tollbooth or aging vehicles should be
controlled so as not to pass tollbooths.
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2.72+1.22 yg/moltHFigure 1(a)). &7 717t B A}
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3 EXFE YERd Aol BC 5=BCsomin)7t 7}
 =3d 9299 BC Bes=(BCsomin)2t EZHA
= 3.48+0.93 ug/n’, B EAFZ 89.27H°]1 BC
SEBComn)7t 7P FUE 48U BC Hdsk
(BC30min)2F EEWA= 2.20+0.98 yg/m’, Bt SAF
2 54,610t}

FZ3 FUE H|wsle] BC LE&35sg RIS 2
7}, £59 BC 7158 v S EBCsomn)= 2.62 1g/m'E
Uehgy FL4e 204 wg/mz  UEREeH(Figure
2(a)) BAHCE ROt AE EUK(p<0.001). &3
tlolElE 243 A3} 0940141 104] Atelet 1740014
18A] Atolo]l Eakgo] 71 Eokrh ExFFo] B2 Al
ZH09-10A1, 17-18A1)2] BC 715H8 ¢ 5 =(BCaomin)=
2.92 ug/m' ©]9)1L, 0199 AZF 235 yg/m' $50]
(Figure 2(b), & A 7H9] Aol= BAH = {9
FHp<0.001).

Table 1. Comparison of airborne black carbon 30min concentrations by sampling sites exposure and control group

(Unit : ug/mf)
Group Gate [\ AM£SDT GMT(GSDS) Min ' Med" Max" 0
Front 331 2.88+2.01 2.49(1.69) 0.63 2.48 22.54 0.341
Exposure Rear 335 2.68+1.27 2.40(1.62) 0.38 2.47 7.49
Subtotal 666 2.78+1.68 2.44(1.65) 0.38 247 22.54 (0.001
Control 334 1.99£1.00 1.75(1.68) 0.48 1.76 543
Total 1,000 2.51+1.53 2.18(1.70) 0.38 2.21 22.54

‘N : Number of samples
TGM : Geometric Mean
"Min : Minimum
“Max : Maximum

Med : Median
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TAM4SD : Arithmetic MeanzStandard Deviation
SGSD : Geometric Standard Deviation
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Figure 1. (a) Daily temporal variation of 30 minute averaged black carbon concentration(line graph) and a number of total
vehicle(bar graph) (b) weekly variation of 30 minute averaged black carbon concentration(line graph) and the number
of total vehicle(bar graph). Error bars show the standard error. Arithmetic mean of black carbon concentration at 30
minute intervals for all measurements and the number of total vehicle over 14 days. P : Passenger vehicles, M : Motor
vehicles for passengers and freight, F : Freight motor vehicles, S : Special motor vehicles
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Figure 2. Box plots of black carbon concentration by (a) weekday, weekend({0.001) and (b) heavy traffic time, non—heavy traffic
time(X0.001); heavy traffic time : 09:00-10:00 and 17:00-18:00. Black carbonsomin is geometric mean of black carbon
concentration at 30 minute intervals. Values shown are median(line within box), mean(closed square within box), 25
and 75" percentiles(bottom and top of box, respectively), minimum(lower bars on whisker), maximum(upper bars on
whisker), and outliers(dots)

3. BC &1t QIXHE At 30 Yepd vieb Zol, 30 2 =919 ExFE b7]
Spearman A3 42 SHAT B9 30 & T =2 % PMzs 9 &%=7F BCUn(BCsomin) &= FFE F
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0
0

PMz5 9 S717F BC(n(BCsomin) EE =°l= 891
T E4F, 7] § PMas @F PMo Y &%, AHF & oF Usigon, o] & QAo gt 85 FEHe
iAWY -5 308 999 AARIE 3 BC(In(BCsomin) =& 59 3ARHFL 42%2] 49
BC ZFS tjAlo = At Table 2, Flgure 3). AT g2 73 U= AoE YEPFTHp<0.001).

4 23} BC 5t A Aevt 2 HeEs A

[¢)
57 B4, 5T - 9B - BRAY P FN,

np Oﬁ

rL ol

QFHIAE B F EX5H0=0.37, N=666)Z Hj 5. =7t Z|HX|E LIEtLH= AA|ZE BC s
7] & PMys9 %%(0=0.54, N=658)7} &9 += ESA37I17t T £HH02 7FY %2 BCiosee ST
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(0=0.07, N=449)2} E42Kp=0.07, N=56)2] 3¢ & FoA =43 ATt BCipsee &2 Figure 49}

AA Frod2 A=A &ATHp0.05). 2o w AR AAS] HolgE mekst At 11
Al 328 36x0] “84"F A&sk= xjeo] XUFktt. o]
4. BC &0 dets O]Xl= QA = AFs A SEHSH 59 7] ARt A Al 530
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Table 2. The results of the spearman correlation analysis between the natural logarithmic black carbon(In(BCsomin))
concentrations and the variables that could affect the black carbon concentrations

BC P M F S M+F+S Total PMys PMiy  Temp RH
BC 1
pt % 0.361
(N''=660) p <0001
MT o 0.065 0.248 1
(N = 449) p 0.172  €0.001
FS I 0210 0369 0.093 1
(N = 624) p  <0.001 <0.001 0.054
s! p 0071 -0050 0094 -0028
(N = 56) o 0605 0715 0543 0.837
M+F+S I 0248 0429 0315 0.955 0.083 1
(N = 643) o <0.001 <0.001 <0.001 <0.001 0.544
Totall o 0373 0988 0273 0481 -0.041 0.542 1
(N=666) p <0.001 <0.001 <0.001 <0.001 0.762 <0.001
PM_5 I 0537 -0.094 -0.161 -0.060 0.036 -0.090 -0.100 1
(N=658 p (0001 0016 0001 0139 0794 0.024  0.011
PMsg o 0540 -0.009 -0.188 0.034 0.0563 -0.001 -0.007 0.919 1
(N = 658) o <0.001 0826 <0.001 0392 0.697 0.970 0.863 <0.001
Temp” I 0179 0267 0.067 0.200 0.068 0.213 0280 0.098 0.180 1
(N = 650) p  €0.001 <0.001 0.163 <0.001 0.624 <0.001 <0.001 0.013 <0.001
RH™ o 0.158 -0.201 -0.081 -0.140 -0.023 -0.152 -0.206 0.426 0.234 -0.580 1
(N = 650) o <0.001 <0.001 0.089 0.001 0.870 <0.001 (0.001 <0.001 <0.001 <0.001
"BC : Black Carbon TP : Passenger vehicles
M : Motor vehicles for passengers and freight SF : Freight motor vehicles
*”*S . Special motor vehicles Total : Total number of vehicle
Temp : Temperature "RH : Relative Humidity
TN : Number of samples %p 1 Correlation coefficients
N N=666 4 N=658
p=0.37 0=0.54
p<0.001 <0.001

In(Black carbon;g;,) (ug/nt')
In(Black carbon;g,;,) (#g/ ')

21d e .1 H

0 50 100 150 200 0 20 40 60 20
Total number of vehicle PM, 5 (ug/m)
(a) (b)

Figure 3. Comparison between black carbon and (a) total number of vehicle, (b) PMas. In(Black carbonsomin) is natural logarithm
of black carbon concentration at 30 minute intervals

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 464-476 www.kiha.kr



470 ZASH - Z52| - RER - FE2 - 234

Table 3. Multiple linear regression analysis results

Natural logarithm black carbon(In(BCaomin))(ug/m")

Variables . + +
B SE o) 95% Cl
Constant -0.121 0.051 0.019 -0.222 -0.019
Total number of vehicle 0.006 0.001 <0.001 0.005 0.007
PMzs 0.016 0.001 <0.001 0.014 0.017
Adjusted full model(R?) 0.4174 (X0.001)
"B : Estimated regression coefficient TSE : Standard Error
TCl : Confidence Interval
4000
Diesel vehicle
3500 - (D 3545.04 g/

Vehicles used more than 10 years _}~
316.19 - 921.03 pg/m’
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Figure 4. Real time black carbon concentration on 21 november at front gate. Values represent the real time black carbon
concentration of 10 seconds interval measurement. Red areas mean when thea number of total vehicles more than
30 vehicles

BC 5=7F SAE G o] &7t9] 544 HolHE & o 30% @9 BC 5=BCiomn)E AT 23t 11
A5t Aa} 17A] 138 42%9} 48%0] “AL'E A&} Al 308FH 114] 5989 Exfo] A& o= AR\t
= XFo] AUzttt Figure 49014 2938 ¥ 2R BC &XZ(BCsomn)= 7FF =4 U=, 1 °olf+= df
108 992 S AAE b 1€ 219 F&29 T Aol &371%F F Hd BC H%(BCiosedl
B SXpgo] 30t oldel Ao SHeE =2 3,545.04 ug/m’ 7} SfF AIZIHHY] BHato] FdF= FU
FEE HoE AR S9AY H FEA Y] 7] o7 WA= HFigure 1(a), Figure 4). Figure

o=t 1(b)olA BC 7138 S E=BCsomn)’t 7FF B2 24
I 32 gL A A3t g Uo|H, Figure 2(a)ollA

v.1 # FHHh $59] BC 7|5H8d 5EBCaomn)7’t B4 &

FEeh. I olf= distw 444 F(126H/A17h

2 ATE ASA T A gty 1329 A Hop F3(182th/A1Zhol B33 Alggo] ¥7] wfZolct.
2} 7o A AF 9 F A SEEY BC k= Figure 2(b)= EFO| B2 & - BT AR 194
< B7I9 BC 520 9T = 8052 YorEr g2 ARhE Hwdk Aot BE Lyt & - B

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(4): 464-476



MSAl AT LS X 2EFMA 44

A7 08-09A], 18—19/\]"]‘1] L
17-18A19] wEFo| H< l%t— A
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et )5 —1% ApFZ
Zrojup st W H4FAL é’%} = ‘6‘0 |9 #Afjo
2 33 AIZHE 1k A% & - EI5t] wEs
o] 2 A& FHHY. nwEHo| J7ek= Aol
BC %7t $7Fhe @42 o7 ==oA= ‘/}E’r‘ff
AXH(Lee & Bae, 2010; Dons et al, 2012) &
TolXE dX|ot= Aa7F Ut HEo] 53 T,
nEZFo] To & . Bl A7t} JZ-A] kL AI7HE H]
wotH SAZCE & Het 7He {3t ApolE HAUA|
o, & A 7ke] Zpol= 7+ 0.57, 0.58 wg/m'=E 1
2to]7t mu|et A& oAd 4= Qlrh. SHAIRE Figure
L(@)A 114] 308 AL YA AlZtdolA & -
Bl Algtol 24 3 BC w27t B Sk
WS & 5 A2 Figure 1(b)ollAe= FE3} H|ws)
of #35 ¥ 22 S =2 BC 5= 5 &
=Y

AHEA A3, BC =(In(BCsomn)et BAXHOZ

Fojm|gt J&“O] A= HEES 584 3R}, 59

- o= - EARe] M A, BE SR X1,
PM;s, PMIO J8]3 & - 5Eo|tiTable 2, Figure
3) ?—l’j\i (ﬂ%@' tﬂ/\ % BC l"‘E(lH(BCgoInin))% 1ZH7]
5 PM,58F PM0] =2 AdE Bt ol= &AA
FHe PM &7t BC 5=t A4S H= A 5t
ollzKLee et al., 2015; Choi et al., 2019) A9
7] § PM == ZAdA FHA S4H BC 5%
o S «1 = AoR I 5= USAth(Figure 3).
X3 O A5E FE ARk S5 B - S5
A St EE T S 191 S8R &
A BC 5 Z(n(BCsomin)2F] Ad3/do] SRI= Ut
5822t BC 5 =(In(BCsomin) 2t ’b“’&*é]% ‘:}E At
FHT =4 UE=d(0=0.36, p{0.001) °o]= 584t
T MM AR HEE FFT & Sl FENE &4
AE(MOLIT, 2019)°] w=d 201949 9¥ As4 &
EAE 7]7‘°§ A=olA Rt FRE A=

SE&A Hle2 4% 56.93%, 30.59%°]t}. & A7
A JAE 829 = 50,402HH= o] F °F 15,418

H(30.59%)= 76]‘%2 AREShe S-8AME 4 ¢
A ARE AREst= A BC 5ote] A oE
A4 BRIEACH(Lee et al., 2015; Stapleton
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et al., 2018) Y95 AFNML FHR-E AREo= X
I} BC koo AT dolE It Kamboures et
al.,, 2013; Wang et al., 2016). ¥HH, 53} E<
9] A2 BC =8t Aol WA YertHes
34=0.07,0542=0.07). °l= wietn E44 e A
o] x| A7 YEoE sAHHTable 2).

T-teste} FTEAS ol AEE 34 Q12 A
YeeE At o A 3RS AAISH 3
AEFE 1501 tHTable 3). o= A% 8+ E4
9] $357] W BC & 423 44 Q9lo] dizt4
BAAHCRE oF 2% AEE 4 U= HH e
o]tiadjusted R*=0.4174, p<0.001). th& AF3] A=
o] ZFgH 8152 308 T AA=IE FHgH
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HEAUE & SR AR 8a4kAolA Tk
o=t EH A AR W] F PMys 5&7F HoHESS
BC 5=(n(BCsmn)E == AoE e 4= 3L
o ZdAte] 357] FHo4 BC L2 PMysE A
of AR AFIHE BC wko IFS &= F
PMys9] BEE AAI5F992H(Choi et al., 2019), &
Aol g 7734kt 7}77}—# okt FH 49
7] & PMzs s ZdAte] 557] FHY BC &
E(InBCsmn)°ll 9TF= F= UAA=E RIS EIF
e Ao E g 71 571 § BC ko 9TF=
F= QAR g & AFet fARE A9E YE
WkPérez et al,, 2010). &4 A ZAME 584

EAte] A 25, S5, U7 F PMo 59 W
T2 ATEANA AT S Hoy v
APIAEFoNN = SAZFCE FosHA] g2 H4E
= i-‘]’?lﬂoq‘:}

2 Aol AFFHEIE 8472 AlFoke e[}
AETR ARt Aol AUgE W SHECE =
< BC 5E(BCioedE HEMRITE ol 200495H A
IdAHS dastks FA=E XGPS ARt Hazwo]
JAE AT A2 AR A2 20049 o)A
| 55 JFFoE A 1590] A =93l Ao]
ot &, AAITF BC 5Z=(BCroseo)2t 2FEFHE] A9
olFE xS W =2 Fo] =EH= BF= +
HAag Au=s AMHShke =27 AW7iAY 3otk
Aol AUt Ao= & & o} EZF Figure 45 X
H &0 s UL E HojE AR B ESXFEo]
30t o5t o Yetli=dl ol= «XtEQl sk g2

O, fo

o

e
jﬂ
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SAFEY AR SRY A Aol JTFS T2
o2 wotEnh FHT Ao st E&71A0 M2k

g 49 sE= 7)o EAcks ©®A 249 &
FrEO £ s (10 w/m’ o) k&3
o] Q7] 2ol et & s=8T ofyg}, &714%l
T LEo] otk A7 AYE arEEojop T
(Nwokoro et al., 2012; Ackermann-Liebrich, 2012;
Nwokoro et al., 2013).

‘:‘1%‘)1 Q7 999 DEE =&%7F= T2 4o
AZ Y= I+=H, BC7t ofd ECE S437] W&ol
Stapleton et al.(2018)9] ECe+ BCY TARI(EC
Concentration=BC MA Concentrationx 1.17)< A
83 YA & &8oto] 2 A9} vlusisith 2 A
£ GFoA A3t Groves & Cain(ZOOO)J"’J- o]
Al A58t Shih et al.2008)HT HE& L &=rE |
gt I8y kEato] giRHET Groves & Cain
(2000)9] AollM+= 1.108 =L, 2 A7+ 1.40H4
£=2 AoZ YEY Groves & Cain(2000) A+9] 7]
E AT ET E9d Ao= watdEn, B, Shih et
al.(2008)9] A= L-E+o] tRF(Cash payment,
Ticket payment lane)ol| H|sl] oF 6.528), 8344} =
Al U=t digt IEER 7S dEao] gEY, At
e EAICIE= tivt WollA 7 B2 wEo] dof
U= tolo). S| skedat HuljAH|AY AR A
= 715HEd S=RF AXEoA Aitchison & Brown
(1957)°l4 +g5h= 7ot 8+ skt AEB+ 5=9
TAAAM=GMx exp[12 x(n(GSD))*)S B3 +%4

A5 &Esto] Uit 575 tde= %8t BC

LEgrloA ZAAEE H|wshd, tA AXS ARSI
= W7F ARESHA] 2 jiE T BC 5=7F H =4 Ut
=8 X4 1.27 #iolA X 30.33 # Zo7t Wt
(Stapleton et al., 2018). Bt XA} vlwshd 2+
FHYY BC b&frsd =4 &2 Holuh ZH7ke] ¢

2 SAx7oIY Ade o] th=7] wiEe] A dE
L2 v 9 AT wojl= A ot a1y
%lojof st} w3t Table 4).

QA o DEEO]| et =&7152 gl ZoE
SRI=QIet. okA|qh, m=re] FARE SH(Mine Safety
and Health Administration, MSHA)O| A= 24}
gt DEE =%£7]52 PEL(Permissible Exposure

o, _IN'

-Vllﬂrﬂr:lirﬂ&

2

Limit) 7]&92 F 45X (total carbon)= 160 ug/
mE Yx| Se=E FA50 YHMSHA, 2018). 20014
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)=t B AAJRAE7IH 9IS (American Conference
of Governmental Industrial Hygienists, ACGIH)®]l
A= EColl tiet =&7|5S 20 wg/m'= APHILATSHR
o7} 200349l E3I5FATHACGIH, 2001).

A =5 GRAol gt HA A4 SHS ot
Ztt. AEAE &3 EMinistry of Environment,
ME)9] As2} #iE7ts 55 ARl B3k 7
(ME, 2018a)ll 9JA, Hi&7tA 580l 5559 B+4t
% A 249 == B JAHCE 3PS At

5tal JtH(Seoul Metropolitan Government, 2019).
5 AZAL HETED TR o FEA B
(16.7km)E SRR goz XAHATHMOLIT,
2018b). 8 ;{-;q]_E,_h A 50 km/hZ o13F, Y
E7tA 57 567 ALY & ARt 5o% trd
& FE H"} ZFEXP P E AT IZH7E-11
) AA 12¢€5EH ddH AP AFFolckSeoul
Metropolitan Government, 2019b). Bj&o] wjd#]
AR B2 Hxgoly 27] H{alEds 59 #E7t
2 A AT 29I ATHME, 2018b). WEHA 9
AL 3 Aty Hxa Al HeE A
Mo g2 Yo gt AHA W =¥ FRA] 23 Al
—5;1-_% ﬂy_ﬁ} EJ_QIJ} o]rjr

£ A9 AR CREE 1199 =] 14
qu}oq OE AEI ®Holg & 4 gld Ho
201097 20119 &%t FAAYG 9 AAA]FoA ﬂi
7] % BC X5 Z73t Feng et al.(2014)9] A+l
T2, BC s o ARl Hlot A1, 12,
190 A4 o8 Fe Holrh shAl, e WAL
7t 24 el 2889 ke okl o5t e
BC %7t AL9 BC &kt Htt 4§ HAoh
TRPHARE 2 Aol tistu e 4% et
o At U4 T o PAE Tt wEF
52 7k st Wy 857844 bl BC =
AEE WIS dobE 71 A7t a5ttt B3 S5
717t & AAE A ARE FoorA oetd 4 ¢l
o] ALg ROl WE BC Hx9 Holg Aot X3t
Ak Aok sHAIRE wf Zpgte] A4 -2 HlolE
o} A5At SEHIW Y 7|Eo] I JIAE BF
Aol Ak, FF 52 gRlste] BC 5&9] Holg A
e &= Q9T AL o] =79] AAHo|t}t ESE 17
o] BEAoARE S457] o] 2 et W 85
S99 BC 1% 5ES 49T - glov 28%e
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Table 4. Summary of studies on levels of black carbon concentration different by occupational groups

BC'concentration(ug/m’)

Occupational groups Period Location Reference
pationdl group AMT GMT  GSD®
. Exposure 2.78 244 1.65
This study Nov 13-26, 2018  Korea -
Control 1.99 1.75 1.68
Tollbooth worker, Personal sample _ UK 1966 17.00 230 Groves and Cain,
tunnel, etc Background 17.95"  15.00 2.20 2000
Bus and truck lane 112.56! - -
Tollbooth worker ~ Cash payment lane  Jan 4-14, 2001 Taipei 17.26! - - Shih et al., 2008
Ticket payment lane 1350/ - -
ici Collector 10.69" 10.10 1.40
Municipal household : Jun - Sep, 2014  Korea Lee et al., 2015
waste worker Driver 8.07" 780 1.30
) Forklift operator 12.90 7.50 3.00
Forklift operator : Jan, Feb, Apr, 2017 Korea Lee et al., 2017
Officer 3.10 250 2.00
Door-to—door deliver Jul - Sep, 2015 Korea 3.76" 223 278 Lee and Kim, 2017
Transport load 7.80 360 4.80
Animal work 9.10 490 340
Drive 12.30 1.30 8.30
Farmer Grain bin Sep - Nov, 2015 USA 1.40 060 6.20 Stapleztg?get al.,
Light misc. farm 7.00 1.80 7.30
Load 5.70 1.60 5.70
Vehicle maintenance 6.20 0.90 870
Maintenance 930 400 330
engineers
Subway , _ .
worker Subway station Apr - Sep, 2018  Korea 290 180 1.90 Choi et al., 2019
manager
Train driver 5.90 490 1.90

“BC : Black Carbon TAM : Arithmetic Mean

TGM : Geometric Mean

SGSD : Geometric Standard Deviation

IAn estimate of the black carbon concentration by using equation(Stapleton et al., 2018)
TAn estimate of the arithmetic mean by using equation(Aitchison and Brown, 1957)

£ A 729 2 EA9 AL el gom Ay
9 929l f3M4E} 3 - A 47} 5ue] Wol Wi
871 a3 999 BC
QlrkT Wkl

E Ee st

R
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1. 85 o] kE=h= BC 7158 # 5= BComin)
£ =E30] 244 gg/m'E HEA 1.75 ug/mETH
OF 1.44[ =A usitt.

2. A7FEE BC B 5= BCimnt EEHAE o}

B A7 114 30585 114] 5980] 4.01+0.93
/e 7P =g aYdel 999348+
0.93 ug/m)ol 7FF =%om, AR AU(2.20+0.98
ug/m)ol 7Hg =ATt.

3. EAFo] B2 AZH09AI-10A)9] BC 715H8+ &

Z=BCsomn)= 2.92 ug/molH, o]9f2] AZRE 2.35
ug/m’ 01 2 H(p(0.001), 52 BC 7|58+t
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SEBComin= 2.62 ug/nd, T 2.04 1g/w'=
YERSFTHp<0.001).

4. 72 23 BCUnBCsomn) 2 Aol 544

o2 {ott 8RIE2 584 =k 5% - ¥

- B9 4 A, £ S22, B7] § PMs
o} PMyp &=, AF 3584k Y 2 - FEo|1,
05 A9 SR Ay, & SA 71 A7)
% PMs 559 3717} BCUnBCsomn) EE =
ol gloz uyehdtHadjusted R*=0.4174,
p<0.001).

5. 89 FEE2 ASHH2EBCsomin) ATE(GM=
2.78 ug/m)ell =E= A9, 7 2 E(BCipsec) 2L
51=(3,545.04 ug/m)oll =&Hh gEo] &40
2 155 =52 1 04 dA5E F=E AMShe
SHEAPE AU7EAY 98k Zpo] AUk A
o2 motE gl

upebA dulE 254k
aAlste] gebAdl e
= HAEA] FejE7t i
Hoq 282 A3t E3 AAo2E Sl
o] BHsE AT =¥ 9 = - 7

it ol B

Aoz Sid a7t Qo
A =

2 AFE =AY BK21plus AFd(no.22A
20130012682)9] A ¥ AF who} L=gP=|glom S
WA SFEATY He-g WgHA A&
St Hzojeld S E Ak o]7] WdolA| Black
carbon £%7] Aethalometer(AE-51, Aethlabs, USA)
£ UeA PSS Y ol HAEHYT
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