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ABSTRACT

Objectives: This study evaluated the diesel engine exhaust (DEE) exposure levels of door-to-door deliverers in Daegu from July to
September.

Methods: We measured exposure levels of DEE surrogates for the same door-to-door deliverers who joined the particulate matter
2.5 exposure study previously published in this journal. Black carbon(BC) concentrations were measured using real-time BC
monitoring devices with 1 minute interval. NO, concentrations were monitored using passive badges. DEE exposure data were
analyzed using the same characteristics and GPS information as the first study.

Results: A total of 40 measurements of BC concentrations and NO, concentrations were collected during delivery of parcels. The
average exposure levels to BC, and NO, were 2.23 1g/m*(0.001—350.85 pg/m®) and 21.26 ppb(3.3—61.37 ppb), respectively.
Exposure levels to BC according to the day of a week and coverage areas were not significantly different(p>0.05). Delivery trucks
manufactured before 2006 caused significantly higher exposure to BC than the trucks manufactured after 2006(p<0.05). Exposure
levels of BC integrated for each time in residential area and roadsides were 1.96 ug/m’ and 3.46 pg/m’, respectively, and the
difference was statistically significant(p<0.001). The Pearson correlation coefficients between the ambient PM,s and BC was
significant, r=0.26(p<0.01); however, the correlations between PM, s and ambient PM, 5, and between BC of DEE and PM, 5 of DEE
did not show a significant correlation

Conclusions: BC and NO, exposure levels were significantly lower when door-to-door deliverers drove newer trucks. BC

exposure levels of deliverers were higher in roadsides than in residential area. DEE from nearby vehicles through open windows
might be the main source of BC exposure.

Key words: black carbon, door-to-door deliverer, GPS, diesel engine exhaust
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Table 1. Summary results for the exposure levels of BC and NO, by the door-to-door deliverers

. BC™ (ng/m’) NO; (ppb)
Person Sampling date
N GM(GSD) Range N GM(GSD) Range
A 07/17 - 07/21 4 2.71(2.48) 0.01—72.63 4 40.66(1.40) 25.31-56.31
B 07/17 - 07/21 4 3.02(2.79) 0.002—142.46 4 35.33(1.15) 32.32—43.68
C 07/22 - 08/03 4 1.93(2.90) 0.008—101.26 4 34.13(1.51) 20.48—55.11
D 07/22 - 08/03 4 1.45(2.61) 0.002—350.85 4 8.52(2.03) 3.3-16.98
E 08/05 - 08/10 4 1.97(2.84) 0.015—-206.18 4 21.26(1.56) 11.72-33.76
F 08/05 - 08/10 4 2.01(2.44) 0.001—65.46 4 13.99(1.72) 8.5—29.56
G 08/11 - 08/22 4 2.83(2.26) 0.003—68.75 4 15.71(1.40) 10.96—21.19
H 08/11 - 08/22 4 2.00(2.88) 0.003—111.81 4 17.47(1.11) 15.10—19.44
1 09/14 - 09/17 4 2.33(2.57) 0.005—103.50 4 22.15(1.36) 15.06—31.35
J 09/14 - 09/17 4 2.48(3.33) 0.001 —58.33 4 24.99(1.89) 14.54—61.37
Total samples 40 2.23(2.78) 0.001—350.85 40 21.26(1.82) 3.3-61.37
" The geometric means of BC were presented by integrated concentration.
Table 2. Exposure levels of DEE exposure indices by day of the 8
week 5
[ ]
BC" (ug/m’ NO; (ppb -
Day of (ug/m’) > (Ppb) T
o0
the week N Ggm(GsDp) P N GM(@GSD) P S s
value value H
Mon 8 3.90(1.24) 8 24.12(1.37) £ H
Tue 8 3.46(1.42) 8 20.75(1.55) s 0 %
Wed 6 3.44(1.42) 0.168 6 19.47(1.75) 8 2 °
Thu 4 5000123) 4 27.95(1.71) 1 ®
Fri 8 2.70(1.57) 8  24.60(1.99) 0
Mon Tue Wed Thu Fri Sat
Sat 6 3.83(1.55) 6 16.04(2.52) Day of the week

" The geometric means of BC were presented by integrated
concentration.
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FE2 346 ngm’, 7P AL dad o wE RS
3.90 pg/m’ o g2 z}o]E Holz| kgirh ‘= Qoo A
£ 500 pgm’ o R A e wERES WAL
HjEa o] WE BC e {3 AolE HolA|
& A TH(p>0.05).

Higadof w2 =] NO, k&4 Fig. 2
o Zt. HiF=Fol 7MY B2 S8 Y 9 NO, =&
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Fig. 1. Box-Whisker plot for BC concentration by day of the
week of door-to-door deliverers. Values represent the
distribution of BC concentrations by day of the week
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Fig. 2. Box-Whisker plot for NO, concentration by day of the
week of door-to-door deliverers. Values represent the
distribution of NO, concentrations by day of the week
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Table 3. Exposure levels of DEE exposure indices by truck model year

Truck model year BC” (ig/m’) ; NO: (ppb) ;
N GM(GSD) p value N GM(GSD) p value
2003 4 4.07(1.28) 4 34.08(1.51)
2004 4 1.98(1.57)" 4 8.51(2.03)
2006 4 437(1.37)° 4 24.97(1.89)*
2007 4 3.69(1.54)° 0.027" 4 15.76(1.41)® 0.002*
2010 8 3.75(1.42)° 8 22.26(1.86)*
2012 12 3.61(1.25)° 12 20.22(1.36)*
2013 4 4.34(1.49)° 4 40.50(1.41)°

" The geometric means of BC were })resented by integrated concentration.
' Statistically significant differences (* p<0.05, %p<0.01) were determined by ANOVA and the Duncan multiple range test, are indicated

by different letters.

Table 4. Exposure levels of DEE exposure indices by coverage areas

BC" (ng/m’) NO: (ppb)
Coverage areas P P
N GM(GSD) N GM(GSD)
value value
Beomeo 20 3.78(1.33)® 20 23.17(1.73)®
Manchon 8 2.84(1.67)° 8 17.03(2.50)®
0.137 0.120
Sang 8 3.59(1.40)* 8 16.60(1.27)*
Sinmae 4 4.62(1.44)" 4 35.48(1.15)"
" The geometric means of PM,s and BC were presented by integrated concentration.
222 20.75 ppbolw, 71 Ao Yoo s 378 pg/m’e g2 7MY o rglon, e L4
£ 2412 ppbE Z}o]E Holx| ¢kt BCO =% Z2 Aj5ro] 2.84 pgym’e g ThE 2 o) H]3|
TET U, ‘22U H$ 2795 ppbR 7HE+ 74 dorAul, Hjexdd BC =24FS 995
=& bEqrTs HAAY, iEadel wE NO, & 2pol & HolR| gFITHp>0.05). NO, k&2 Al
TE Fo3 ZolE HolA] A8ThHp>0.05). | % 0] 34.48 ppbE 7} EQrom, ‘AHE o] L Zae
2 16.60 ppbE THE A o] H|s| 7P WA,
3. XIZQIAlY DEE e &4 & SR NO, wERES o3t Aolg Mol
AFA Aol we =ujde] BCoF NO, =&4aS 23U THP>0.05).
Table 33} ZFQrt}. 2006 EHg] 2] o] Aoz 2}Fo
HAAEEd AHEDPR] AX7F oFst 5 GPS BAY BC =ESE

AT, E 2 AASS DPFo| tjat Q| Ei

o ¢ wobth dA4o] wE DEE & Ak B3

BC94 wEREO 9006W Alo] FPA mo =
S Ko, xEFAAE L Eazo 0 0l3) 2jo|E

Ath(p<0.05).

270]

tr

4 H|& X9 DEE = E4F
Hjg2| o] w2 Hujle] DEE =& Table
49} 2ottt v Y F ‘o]’ BC wE:E4E

=
3
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Table 5. Exposure levels of BC concentration by location (residence and roadside)

BC concentration” (ug/m’)

Person Residence Roadside o' value
N GM(GSD) Range N GM(GSD) Range
A 4 2.20(2.47) 0.001-72.63 4 4.51(2.03) 0.076 —54.66 0.000°
B 3 2.66(2.72) 0.002—84.86 3 5.42(2.71) 0.041—54.66 0.000°
C 4 1.50(2.52) 0.13—52.85 4 3.56(3.13) 0.92—52.85 0.000°
D 4 1.29(2.52) 0.002—116.50 4 3.16(2.50) 0.17—-350.85 0.000°
E 4 1.77(2.72) 0.015—206.12 4 2.91(3.04) 0.045—169.02 0.000°
F 3 2.13(2.42) 0.001—56.41 3 3.71(2.64) 0.013—65.46 0.000°
G 3 3.51(2.07) 0.003 —68.75 3 4.09(2.11) -0.28-41.54 0.001"
H 3 2.10(2.91) 0.006—111.81 3 2.18(2.70) 0.003-90.54 0.65
I 3 1.69(2.45) 0.005—-102.40 3 3.58(2.50) 0.12—-103.50 0.000°
J 4 2.01(3.55) 0.001—58.33 4 2.72(2.92) 0.003—44.87 0.000°
Total 35 1.96(2.77) 35 3.46(2.74) 0.000°

“The geometric means of BC were gresented by 10 seconds interval BC concentration.
' Statistically significant differences (" p<0.01, %p<0.001) in BC concentrations between residence and roadside area were determined

by student’s #-test.

Residence = Rodeside —BC

BC concentration (ug/m?)
w
2

o | T,

11:40 12:30 13:20 14:10 15:00 15:50 16:40 17:30

Time

Fig. 3. Real-time BC concentration by delivery working of
door-to-door deliverer (deliverer C, Wednesday). Values
represent the real-time BC concentration of 10 seconds
interval measurement. Location was classified by GPS
data (residence and roadside)
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Table 6. Pearson correlation coefficients among levels of ambient
PM2_5, PM2V5, and BC of DEE

BC PMys
BC 1.000
PM, 5 0.099 1.000
Ambient PM, 5 0.260" 0.055 1.000
“p<0.01

Ambient PM 5

i
i

9
>

= 4] S A2 A= Table 634
7] F PM,s9F Elufd ] PMys W BC Afo] 9]
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19] PMys W BHHf 9] PM,s@F BC Ato] o] 4
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A ¢r=t} DEES] AHAZH L=EXIEE ZEI(total
carbon, TC) &2 EC, ©u|A|"HX|(particulate matter,
PM), S34w4, NO,, PAHs Fo] AHgEIL itk
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Sadhra 2004). =UjolA= FHaL F A A R4
2.8-17.5 ng/m’, A} QA Eo A 1.4-30.2 ng/m’o]
B QrHKim et al. 2017).

TETHeRE B, WA ATEE FollA Al
A& AHEsEL, HAdZlS AFESHA] YTetE B '
ol A W AR HUls WA Y 9 EA] @
A4 7% DEE°| =&E 4 Utk EY
Eg/A AujFo] A9 EC &7t 47
gm® I 439 pg/m’ $=F¢ Aoz BEQTHIARC
2012). W2 A B A S o] A=
AEA|(PM2.5) F&=7F BE = fE9 48 2
ZF 15.7+1.8 pg/m® 2 17.3£1.3 pg/m’ o8 B =gt
(Lewné et al. 2007). 0]=+9] A9 FAxte}l H]E AR}
2 FEYe o 2uAHA sEe 27 36.542.4 1
gm® 2 16.2+1.8 pg/m’o] ¢ thDavis et al. 2007).

718t =2E = Qe JToE oA A
e, sEnstd 9 27| AR S, Sy
A 5 = 5 olvh A 9 2 r|eARE
LAY wZ4Zo EC 396 pgm® (1.7—29.0 1
gm’), Zo|AWAe} BCY &4 Z47F 91 n
gm’® (6.0—19.6 pg/m’), 62 pg/m’ (27—240 pg/m’)o|
Atk A= =AY B AT &9 BC
=252 AL 249 22 11.81£5.25 ng/m’
2 6.98+0.67 pg/m*o| QY thPark et al. 2014). =Huj
= AgHr)E £AY 9 AYEY kEeFo] W
=0 ol gujelo] AFAY wiEdTFE FAl

3Pl wjsA] Ao rRE HWe "Holx i X}

rr

2 3o

http://www.kiha.kr/



o] A 117 wEow AzbEh FAHoRE
guj o] ZuldHA HEL Hi 44.62 pg/m’, BC
Ll Hi 223 pgm’o g AMEQIL shxuk 2
& ohy7] wiel Hzzrel HPAel um
2 Aol Ay Rt Basi
2k E4Q NOo| A, FHoll4 0.2-55 ppm,
SEAoA] 0.03-0.3 ppm, dx= AH|ZfA] 0.1
ppm, E¥ 2704 0.03-0.04 ppm, E/H2 4
u]loﬂ/ﬂ 0.2-1.1 ppm, HAAYo]A 52,9 pg/m’,
AL G A] 45.4 pg/m’, 1] IL G el ol A]
0.021 ppmﬁi B = ¢ tH(Lewné et al 2007; Pronk
et al. 2009; IARC 2012; Lee & Kim 2017). A& 7]
2 A9 9 SR LA N, BSR4
719 0.076 ppm, &A% 0.047 ppmOE = ZZ 7}
e SAHLR FoRt Aol7t lglth(Park et al.
2014).

N
1
of

o
e
2,

3.DEE =& YQ&koIX}

O I2AE Ao =R 43= Park et al
(2001)2] Aol A BAS- AL} MRl
A2 =& (1) A E 7ARARE, 55, 55
ol G wol v, (2) fafdAt iEJ ¥ 50l
=31, (3) ApAlo] B AFRFo] obd ohE ARk
A BiEEe falldRtY] ol wel wEEe] g
& Wta Buskeich ol 25Eet 7|H7F 24
= AylofA, dHe TALES PR3 dHYs)e,
AFAAE Yol A Aot TRAPANE FeFS A=
Az wEEAT FEEE Yotk AH ¢
EHAE ditEog Ago] oEHL £ FE
5 Rolth. AH| QoA ZAFSH Lyamani et al.(2011)
o] Ao AL@A4ELT ugm’)o] H2(2.0£0.7 1
gm)Ert &£& BC $E8 2tk #ALo] BC ¥k
7} & elofl DEE AL 9l A2 ofyn 7h4
& dy7e] AR 9l & shvE R
(Lyamani et al. 2010). & 1= o &9 3= A7]
ol 7] =ujde] DEE =& $230| o
A BHiE f£EEDG 58 AoR oAEh

Ao AES 91 S4E 79 DEE =%9]
Eobd 4= Qtk ZuNWA] ol tfs] HiLgt o]
A E=RA FEE dAE "o mAHA sk
(17.2£1.7 pg/m’)= 7‘5}%% HoFS wj(15.3+1.9 pg/m’)
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Hep fo5hA =9k th(Lee & Kim 2017). & 4
& W DEE =&o| F7lste Y92 =il 24l
°l Ak AFlA LS e = A

Shest STl MG 0 aeEel £
o]

3t 7)ozt H Aow +4dtt 3
L AEAL Ggol F 4 Atk Bl ofof
EL 597k ohld Qo] ¥
2 o, Agels FAshs 497t ohum
A9t o W gow A

=AY o & =AFHORRE Aeof uhE
FFL Lewné et al.2007)9] AtoA YR B IE]
Atk MAARY o5 RE =4I A9
W YS9l HA A A T2 =4

At o)Fstetl, WAL HAHA] kEEE
(15.7£1.8 ng/m’)7} BA & HRLe] mZiew=(17.3+1.3
ng/m)Ech WA BuEgich stAT NO, =EEE
© WE WARHRTE wobA siAo] 44 Ytk
£ Aol Fofd Eujde 2 mrud FEvks
olEst 7] well LA ol BEst= Hujde]
B 2ol o W 4 Qleh shANE EujAu)
29| 87} Qg ee] vlFsiA AT AR 9
FE7] m2ell o W2 =0 "uljedo] mAoA] &
L ALR AdHET B4 Uellde FEvtEg =
ZRM Q] BC mEE0] #A Uehdth e
FolA vjEE = DEES] k&= FEC] =2H|
A o A & 4 glok

4. 94722 5HA &

B el ghAl: thgt 2ok Ae] giatolgld
ol A= ok Al =ebEef QISlaL, wiEA| =
EAL I T 47 5 A el Y E STt
AAlAX Bl o] Aol A WAl el Tt o
B o= HE WEAY = glot A e F
AH e 2 wAL A Fre] ZAle] gt of
FAL AtF oz HolAtha & 4= gt} AFdA o
Rk egH7t AZI7E A e oAFel o= o 04%&1
s} whoisbx) Ratqct webd o] Anke )
A @il DEE %o tiEAZ 7Hpets mlt
A7 ek el ele] YR Aol v ohy
o &4 2 Y= T o] o] DEE =%

¢
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016 10¥ A= EFA A 52
AN BA(ETHEA] ol wEad, &
F2} 3A)171e] EC 2= " 10.3 pug/m’o] Q)
GFFY R A 2)71A] ZFHsE A $AIZE
T B 20 pgm’® YeRdd AE 7t
A 9 sk 74A] IRk 2 Aol A UEr
H =2 2w o] DEEY| =59 4= & 9
N 7i7h%le] wisse(elE &9 Alss
e ) olt WA 59 Aol 7t
of A Ay teuEs 9 oAddl &
T%OH e} DEE =&pFo] g 4= QL
AQlolut ARG ol e 4
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