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ABSTRACT

Objectives: This study was conducted in order to evaluate PM;, concentrations at eight highway tollgate booths from July to
September 2017.

Methods: A total of 16 samples were collected from eight toll booths. Each PM;, sample was collected using a 37 mm PTFE filter
attached to a Personal Environment Monitor.

Results: The geometric mean concentrations of PM; in the toll booths was 83.51 pg/m’. The mean PM;, concentrations measured on
freight roadways were much higher than those of measured on general roadways(102.46 zg/m' and 68.05 pg/m’, respectively). PM;
was revealed to be higher in the morning(105.59 ¢g/m’) than at dawn or in the afternoon(71.26 xg/m’ and 61.22 y1g/m’, respectively).
The mean PM;, concentration in toll booths ventilated through an air conditioner was higher than that for those using a window or
no ventilation. The rate of exceeding the Ministry of Environment Maintenance Limit(200 g/m’) was 6.25%, and the rate of exceeding
the Ministry of Labor Recommended Limit(150 xg/m’) was 12.5%.

Conclusions: In order to protect the health of toll booth workers exposed to airborne dust, it is necessary to check the exposure level
from indoor air quality on a regular basis and to manage it appropriately according to the results.

Key words: expressway, concentration, PM;, toll
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Table 1. General characteristics of subjects

) AF 3 bﬂa‘:ﬂl o2 PMe9] %=

Classification Number of samples Percentage(%)

. 5 - | PR Bo|=e] A Bl THE PMoe] 7]
< 750 sE E% B ko] L 1500t o]Afo] 109.84
750~1499 7 43.50 pgm' 2 7R w=qkan, 750t o]AF 1500t w]wlk 81.38
> 1500 4 25.00 ug/my', 7500 w|gF 69.55 pg/m'o]QtHTable 2). I1&E =2

Roadway . <000 B0l=) s Bl HE PMS| Bel/| 23}
General &% B3R Aue71anwe] §271% 200 gy,
Freight s 50.00 Bl Al BoIEe Ao A4 A7)

N eyoung g g 5000 % 150 pgmi 3} W] R A3 EAOIE B2 <F PMyO)

He)7)E 2 27 6.25%, 12.5%% Lrebgtch
Gyoung-sang 8 50.00

P edkday 6 37.50 3) A2 EA ol ThE PM,0) =
Weekend 10 62.50 AR E/ [q'ﬂ dubatR o} SRR R FES)o]

Time slot A 2500 PM;9] liE A% Ai} n&xg EFolE BA
Dawn oro] 713l Hd = UukA}E(68.05 pg/m))of H]d|
Morning 8 50.00 SHEAFE(102.46 pg/m)7F =ctHTable 3). 1&EE2
Afternoon 4 25.00 SA0IEL] AmEA| WE FEALR|A PM¢]

Ventilation type 9 56.25 Fe7|E 2T-E&L AR ATy daeHo 4
Air conditioner 7120 625%%, TEL-ERO AFLA Zr|e] A
Window 3 18.75 A2 125%F 2 Ao tehgon], o
None 4 25.00 WO Zahs BAEA gt

Table 2. PM;, concentrations of expressway tollgate by traffic volume (Unit : zg/m')
No. of cars N GM™(GSD") Mean+S.D.* Min Max ERY%) ER'(%)  P-value
< 750 5 69.55(1.62) 76.92+41.91 47.44 146.15 0 0
750~1499 7 81.38(1.62) 90.114+46.86 38.46 185.904 0 6.25 0.503
> 1500 4 109.84(1.97) 133.97+109.45 65.38 297.44 6.25 6.25
Total 16 83.51(1.69) 96.96+65.29 38.46 297.44 6.25 12.50

*N: Number of samples, “GM: Geometric Mean, " GSD: Geometric Standard Deviation, *S.D.: Standard Deviation
YExceed Rate(%) : (No of samples over maintenance limit by MoE/No of samples)x100, 'Exceed Rate(%) : (No of samples
over recommend limit by MoEL/No of samples)>x100
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Table 3. PM,, concentrations of expressway tollgate by roadway

(Unit : xg/m')

Roadway N’ GM™(GSD") Mean+S.D.} Min Max ERY%)  ER'(%)  P-value
General 8 68.05(1.36) 70.67+19.24 38.46 94.87 0 0,195
Freight 8 102.46(1.89) 123.24+84.77 47 .44 297.44 6.25 12.50
Table 4. PM,, concentrations of expressway tollgate by area (Unit : gg/m')
Area N’ GM™(GSD") Mean+S.D.} Min Max ERY %)  ER'(%)  P-value
Gyoung-gi 8 105.40(1.84) 125.00+83.28 50.00 297.44 6.25 12.50 0,130
Gyoung-sang 8 66.17(1.84) 68.91+20.07 38.46 100.00 0 0
4) A G o @& PM,09] &= o ARA F7|EE AR davied SR AW
nEER EACE AE 7] A9 FA A Z|Id@e e fA7eS A8 A 5 4 Y
o7 FEHAL uf, EAC|E Bk PM9| o 217k 625%S Zuste ZOoE Uhehit.

N

Bt s A7) A¥0] 10540 pgm' o= 74}
66.17 pg/m'o]| Hl’éH =0 LZo|gx|ut Ao
o3} 2ol = E]—(Table 4). A7) A2 PM;o
g7l 20g2 45 AdEriddey /A
o] 6.25%, —79—5:5 Hol xAbEAl Zr|wke] 23
719 125%E ZIet= A0RE YEGon,

oﬁrﬂiL*‘”
ox kI MN e do 42 O 18

Ao b= WA A Skt
5) drFH o wE PM9 &

EA0|E FEAoA IAEE PM9Q =5 FY
I FE RS o BEA ore] y|stEHae FHY
(86.87 pg/m)o] F(81.57 pgm)ol BlF H& 0]
ATH(Table 5). PM;p2] #e]7|&E 22 1855

Table S. PM;, concentrations of expressway tollgate by daytime

6) At o] w2 PM,9] H =

PMoo] 715t SRS AdEE TR o
27 105.59 pg/m’, A 71.26 pg/m’, 23 61.22 pg/m’
&o® Uehont 1 Aot FAHCR st
o SkTHTable 6). PM,p9] ZiH&-2 oyl o] 49 24
B AR AR §A7129 625%, TERER
A 371 AR Har|EY 12.5%F 21}
= et

7) @71 o ©E PM,09] =
EAIPIE T2 yoA el whE PMi| &

= 3ol A} 7 EFL oojA 7= A 102.52 g

(Unit : pg/m’)

s

Daytime N GM™(GSD") Mean+S.D.} Min Max ERY%) ER"(%)  P-value
Weekday 6 86.87(1.76) 99.36+56.36 47.44 185.90 0 6.25 0.875
Weekend 10 81.57(1.70) 95.51£73.04 38.46 297.44 6.25 6.25
Table 6. PM,, concentrations of expressway tollgate by time slot (Unit : zg/m')
Time N’ GM™(GSD") Mean+S.D.} Min Max ERY%) ER"(%)  P-value
Dawn 4 71.26(1.53) 75.64+26.52 38.46 100.00 0 0
Morning 8 105.59(1.84) 125.16+83.20 50.00 297.44 6.25 12.50 0.164
Afternoon 4 61.22(1.19) 61.86+9.67 47.44 67.95 0 0
Table 7. PM;, concentrations of expressway tollgate by ventilation type (Unit : xg/m')
Ventilation type N’ GM**(GSD*) Mean+S.D.} Min Max ERY(%) ER (%) P-value
Air conditioner 9 102.52(1.77) 119.94+79.15 50.00 297.44 6.25 12.50
Window 3 66.63(1.64) 71.79+£31.09 38.46 100.00 0 0 0.280
None 4 62.37(1.31) 64.10£17.61 47.44 87.18 0 0
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Z PMp©ll gt =& B 7HE st 1 528 g9l
SHlth 1 AW u&E2 EAO|E F2& QF PMd
71518+ == 83.51 ug/m'(38.46~297.44 ug/m)=
et ol & 2R "W Ay, o v
ol gAIE T AW FAES] FA171%(200 pg/m) H
THPL 1] PMo] FE 2THELS 625%0] Ao, 1L
Suetie] TARRA 73] AH, 0l Tt ARA Y
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(MoEL, 2015; MoE, 2017).

AF7HA] EACIEE o2 $3E PM9 =
SB 7o et ALY BEor O Fk9 AolE 4
Aoz Hud = glgich ovh skae] PM,9]
X9 HWSEH Jung et al.(2015)2 Stu WA Y
B4 PMy =& 258 50.61 pg/m'(12.7 pg/m'~
163.0 pg/m’), Z&Fal 52.29 pg/m'(11.7 pg/m’'~155.3 ug
m), 1S5S0 49.98 pym’(22.0 pg/m'~148.7 ug/m’)o
2 R 31931, Kim et al.(2003)2 AL 9D H7] A<
Z - 115 WA Fi PMy FEE 36.23 ug
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| s e FEOE UE PM, S5
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2HH, Park(2011)> SAMK| S thFo|- Ao H
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