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Exposure Assessment of Particulate Matter among

Door-to-door Deliverers Using GPS Devices

Ga Hyun Lee - Seung Won Kim’

'Department of Public Health, Keimyung University

ABSTRACT

Objectives: The objective of this study was to evaluate the exposure levels of door-to-door deliverers to fine particulate matter
(PM2.5). Another objective was to confirm the general working patterns of door-to-door deliverers via survey.

Methods: In the city of Daegu, ten door-to-door deliverers who wished to join the study were recruited. The general working
characteristics of door-to-door deliverers were surveyed using self-reported questionnaires. In the cabin of each car driven by a
deliverer, a real-time PM2.5 sampler (Sidepak, Model AMS510, TSI Inc., MN, USA) and a GPS device (GPS 741, Ascen, Korea)
were installed. Each deliverer was monitored for four days per week so that each day could be monitored at least four times.
Results: A total of 40 measurements of PM2.5 concentrations were taken during delivery of parcels. The average exposure levels
of door-to-door deliverers to PM2.5 was 44.62 11ig/m® (7-9443 pg/m®). Exposure levels to PM2.5 according to the day of the week
and coverage areas were not significantly different (p>0.05). Door-to-door deliverers using trucks with older diesel engines
manufactured before 2006 had significantly higher exposure levels to PM2.5 than in the case of trucks with diesel engines
manufactured after 2006 (p<0.05). Many of the door-to-door deliverers reported the status of having windows open during the
delivery task. During delivery services, the working hours spent in residential areas were higher than on roadsides, but exposure
levels to PM2.5 in residential areas and on roadsides were 46.17 ug/m® and 49.90 jig/m?, respectively. Real-time PM2.5 exposure
levels were significantly different between roadways and residential areas (p<0.001).

Conclusions: PM2.5 exposure levels of door-to-door deliverers were found to be affected by higher vehicle emissions from the
roadsides near their vehicle during deliveries and while driving to other locations compared to by PM2.5 from the diesel engines
of their own trucks. Particle concentrations from roadsides and emissions from nearby vehicles through open windows were the
main source of PM2.5.

Key words: door-to-door deliverer, GPS, PM2.5
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Table 1. Composition of the questionnaire
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Aek. 2N 109 F 63 FA4Gon], Fo
A ZRANEELRADES FAAL 18K
2 AZstel FANTE 712HES sheich

1) Zu| A HZ](PM2.5) 53

A 9 2Agg o] nAHA] S4o] 7153t Sidepak
(Model AMS510, TSI Inc., MN, USA)S o] 43Fo] A
AIZEO 2 PM2.5 55 &A3th PM2.5 impactorS
B3] 271984 Z Aol 2.5 imETE 2 YA}E Ao
SHATE i Haze) o) F-5 ooj2Fo] #lo]A
He 2o} ARtEE AEE F AEV|E SHshe
HeR, FAEERE g A s s AEdTh &
A 753 dAFA7]E 0.1-10 um Afolow, 7]7] A
Z3H4= 0.001 pg/m*o]tH(TSI, 2012).

SAA = 9y 5719 eIARED el AL
AAZACH, 1.7 U/min®] SOz 10% 742 PM2.5
SEugm)E S35k 23 ﬁﬂh Sidepak©] A
& ALZEGojo)A HolEE Hho} AMAER o]
HE H3 & 2459k

2) 1A AE

GPS(global positioning system) JH= A|7to] u}
£ o5 A9 fixHElE 71 &3t A7 "ol &,
olE 2] o|EuE seto] slsaiTHCho et al,
2007). DEE tH#] QA 543 FAlol GPS 2YH
(GPS 741, Ascen, Korea)S ©o| &3} 18 714do=
gufdo] o] sA o et AANFE(BE)E &
Ashank AAARE GPS BE LTEGlSIA o
olE|E o} AMAIER W3l & Google A%k of A
59T

Classification

Contents of questionnaire

Number of question

Working type Service period, coverage areas, working hours, smoking status 6
Working characteristic Driving habits, delivery type 3
Vehicle information Truck model year, truck weight (ton), diesel particulate filter (DPF) 2
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Table 2. Working types of door-to-door deliverers

L Frequency Percent
Category Division (n=30) (%)
1—5 years 12 40.0
6—10 years 8 26.7
Job career
11—15 years 9 30.0
> 15 years 1 33
Dong-gu 2 6.3
. Jung-gu 3 9.4
Coverage area
Suseong-gu 26 81.3
Gyeongsan 1 3.1
< 6 hr 10 333
7 hr 8 26.7
working time 8 hr 6 20
9 hr 4 13.3
> 10 hr 2 6.7

Coverage area: multiple responses and there is one missing value.

Table 3. Smoking habits among working type of door-to-door

deliverers
Category Division Frequency Percent (%)
smoker 21 70.0
Smoking status
non-smoker 9 30.0
< 10 cigarettes 7 333
Frequency of ;55 Gisarettes 10 476
smoking
> 30 cigarettes 4 19.0

o] 833%= 7P WAL, 2] Ale& 113l H)
‘i = 60-80% AlE 70l

el HES @3 LW ME d B
B oo ZHAY sHA7IGH i gelSol
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Table 4. Working characteristics of door-to-door deliverers

Table 6. Summary results for the exposure levels of PM2.5 by the
door-to-door deliverers

PM2.5" (ug/m’)

Person  Sampling date

Category Division Fr(eri;_u; (r)l)cy Pe(f;c;nt

= 0

. < 50% open” 5 16.7
Window status

> 50% open 25 83.3

< 20% 2 6.7

Turning off the 20—40% 3 10.0

yehicle engine 40— gou; 4 133
uring delivery

task 60—80% 14 46.7

> 80% 7 233

" Ratio of time that a deliverer kept the car window open during driving

3) W) AR n

uf o] A= o gt A= Table 59} 2t}
= ApEko] @141 ©2010—2015E 4] 0] 56.7%% 714
wekom], 200020044 0] 233%2 SEEon,
g leFe] T2 25 1 20|tk fAXwEE
A APHAOPR) HEeIRL RARA erol

933 0R Woron, ¥ mErts SUE W)

Table 5. Vehicle information of door-to-door deliverers

N GM (GSD) Range

A 07/17 - 07/21 4  72.97(3.10) 8-9194
B 07/17 - 07/21 4  37.83(1.70) 12—171
C 07/22 - 08/03 4  69.74(1.83) 29—-3296
D 07/22 - 08/03 4  41.25(1.43) 14—538
E 08/05 - 08/10 4  53.55(1.66) 22—-8149
F 08/05 - 08/10 4  49.67(2.40) 9-5124
G 08/11 - 0822 4  61.59(2.45) 17-9443
H 08/11 - 08/22 4  47.89(1.83) 17-310
I 09/14 - 09/17 4 18.71(1.58) 7-214
J 09/14 - 09/17 4  59.15(4.19) 6—6589
Total samples 40  44.62(2.44) 7—9443

Frequency Percent

Category Division (n=30) (%)
2015—2010 model 17 56.7
2009—2005 model 5 16.7

Truck model year
2004—2000 model 7 23.3
before 2000 model 1 33
Diesel particulate installed 2 6.9
filter (DPF) not installed 27 93.1

There is one missing value.

2. Bt @lo| ZOINBIR| &EFF

B ALo)A] Huf 10HE Ao 2 £ 43K =4
ot 2R eEpES oy Table 63 ek euj
9] PM2.5 BB 5hZ S 44624244 pg/m'o] .
g £ B, D, H, IE A&7t A= AL
PM2.59] =& SAAE BlF AR &30t

HEjEadd 2o HA] =E5E

e de] wg Hujdo PM2.5S E34ES
Figure 13} Z29)th ARG Ay} vjsEefo] 714 wke
2991 ‘3O PM2.5S L=E432 64.97 ngnt, 713
Ao aUQl LA | LEBpEL 6475 ngm’ 02 A}
o5 Wolx| okgftt. ‘B QU o] H9 105.6 pgm’ O
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* The geometric means of PM2.5 were presented by integrated
concentration.

300 -

el LLL

Mon Tue Wed
Day of the week
Figure 1. Box-Whisker plot for PM2.5 concentration by day of the
week of door-to-door deliverers. Values represent the
distribution of PM2.5 concentrations by day of the week.

PM2.5 concentration (zg/m?)

M w2 =ESPES EIAT, Hﬂiﬁ"‘Oﬂ e
PM25 st= §ol3t 2folE Ho|z] Frh(p>0.05).

H 2 NHA 2E5E

2ol Ao w2 el o] PM2.5 =24~5-2 Figure
20} k). o) wiF ATl AEE = A 5
20061 41°0] 21627 pgm’ O 2 71 =2 PM25 k&5
F2 Hylon, 2006044] o] F ek T W eFE SE
2012 2°0] 42.41 pg/m’old, 8-2ol3l 2po]E H Tt
(p<0.01). 2004 1F4]°0] 40.04 pgm’ S 2 71 Yo o
= Helon, A PM2S e 725
Aol 5 H A tH(p<0.01).
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Figure 2. Box-Whisker plot for PM2.5 concentration by truck
model year of door-to-door deliverers. Values represent
the distribution of PM2.5 concentrations by truck
model year.
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20061 4] 0] 7H} 2 wELES Koo, A4
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Figure 3. Box-Whisker plot for PM2.5 concentration by coverage
areas of door-to-door deliverers. Values represent the

distribution of PM2.5 concentrations by coverage areas.
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= ‘HlolE o] PM25 &2 89.85 ng/m’ O 2
B2 Froln, AlujE o] ERES 4027 1
gm’ o2 th2 2| Go| uls| 714 kA uk, vl o
¥ PM2.5 =& Fo38 Alolg HolA] ottt
(p>0.05). T v Qo] Tk 2 AFIAL 9l
Qom, tiEE FE7 ITolA HEYFE 5
Ak ZUAHA] eEae v dE folgt 2|

olE HOJA| TH(p>0.05).

4)GPS 2 U WUA] =&4F

Google 7|%wo] FAIE =ujele] wisARE vhet
W GPS ®o]E|+= Figure 49} et eiufjlo] &t
FARA Z Rl eufefn ol euf o] uldedA]

Aol 4 WiEYT SRS 91N FEshert.

Delivery
Terminal

Figure 4. Example of delivery route of door-to-door deliverer.
Coverage area of the door-to-door deliverer was
Beomeo-dong and Manchon-dong. GPS data was
divided into residence area and roadside area.

Residence ™= Roadside —PM2.5

60

40

PM2.5 concentration (zg/m*)

20

11:50 12:48 13:46 14:47 15:47 16:45 17:44 18:42
Time
Figure 5. Real-time PM2.5 concentration by delivery working of
door-to-door deliverer (deliverer B, Monday). Values
represent the real-time PM2.5 concentration of 10
seconds interval measurement. Location was classified
by GPS data (residence and roadside).
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Table 7. Exposure levels of PM2.5 concentration by location (residence and roadside)

PM2.5 concentration’ (ng/m®)

¥

Person Residence Roadside Va?lue
N GM (GSD) Range N GM (GSD) Range

A 4 66.81(3.04) 8—9194 4 85.78(3.17) 15-5172 0.000™"
B 3 44.67(1.43) 23—171 3 60.82(1.40) 27—154 0.000™"
C 4 61.81(1.83) 1302873 4 93.80(1.65) 1322063 0.000™"
D 4 41.03(1.44) 14—242 4 45.77(1.35) 16—538 0.000™"
E 4 52.81(1.60) 22—-8149 4 56.39(1.88) 23—6811 0.013"
F 3 48.54(2.67) 9-5124 3 89.43(3.66) 16—4760 0.000™"
G 3 98.88(2.10) 57—-9443 3 77.04(2.09) 28—3446 0.000™"
H 3 43.82(1.86) 17-239 3 41.89(1.94) 17-227 0.003"
I 3 14.94(1.43) 7-159 3 17.47(1.43) 7-184 0.000™"
J 4 53.64(4.01) 86376 4 51.29(3.62) 6—5825 0.093

Total 35 46.17(2.41) 35 49.90(2.66) 0.000™"

" The geometric means of PM2.5 were presented by 10 seconds interval PM2.5 concentration.
*Statistically significant differences ('p<0.05, “p<0.01, ““p<0.001) in PM2.5 concentrations between residence and roadside area

were determined by student’s t-test.

guf o] iEART F EAANE E2HY =9
kR GRS PM2.5 =E4F2 Table 73 Pt H
il G, H, J& ALgt YA ujede =2Ho
PM2.5 W=&Zo] ZE7lo] PM2.5 wmE4ZHT) =
oron, o5t xo]S B Y rkp<0.001). A =y
o] ZEl7} PM2.5 w2532 46.17 pgm’e 2, ©2
¥ PM2.5 =242 4990 pg/m’HE T Woron, 9.9
3t 2polE B GTHp<0.001). HujPe] wMiEgFE =
L2 7S GhEste] ekl AAIZE PM2.5
LeE4E2 Figure SAE oAlE 4 Stk

DEEE= 4 X Ao A Al Egdda=
HiEse AT | 7ty 289 EEey, B2

B
— =
N
D x

re
E
=
5
LIRS
B
gl

=9}

=aql

T3 0] QIrhLewné et al, 2007). A7+ DEES]
=EpE 54 W B7PHS A E] oA A,
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DPM % EC& vl==1 A Qb 1.2 A - (National
Institute for Occupational Safety and Health, NIOSH)
504024 ¥ o] 7letgol whef, thEA ¢l DPM =%
7h A= AREEAL Qlek E3E, DEEQ] tie] QA=
PM, NO,, PAHs 59¢] AAAA =EXxZ AMEIL
Qlth(Zagury et al.,, 2000; Riediker et al., 2003).
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Lewné et al.(2007)2> Z=AZX|oA >W3l= H
W oeA] AR Ao ZAY AFHEE
ZONHA] O] =&l WALHA}F 15.7£1.8 pg/m’,
AR 17.341.3 pgm’e] FES Bk S
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