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Characteristics of Airborne and Deposited Dust in Expressway Toll Booths
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ABSTRACT

Objectives: This study was performed to evaluate the total dust, size—selective dust, and heavy metal
concentrations generated inside and outside toll booths on an expressway and to identify the source through
analysis of the components of the deposited dust.

Methods: A total of 32 samples were collected from eight expressway toll booths. Each total dust sample was
collected using a 37 mm PVC filter attached to a personal air sampler. Heavy metal samples were collected
according to NIOSH method 7300. The size—selective dust concentrations were identified using a DustMate,
and deposited dust was analyzed by WD-XRF and UHR-FE-SEM.

Results: The geometric mean concentrations of the total dust inside and outside the toll booths were 337.5 ug/m
and 342.7 ug/m’, respectively. The overall concentrations of TSP, PMig, PMz 5, and PM; were higher on the outside
of the toll booths, as the particle size of dust was larger, and higher in the underground passage as the dust size
was smaller. The real-time analysis of the dust concentrations of TSP, PMig, PMy5, and PM; revealed to be higher
at morning and evening times than other times because of heavy traffic. The element components of deposited
dust in the toll booth were related to natural sources rather than artificial sources. Among the chemical
components in the deposited dust analyzed by WD-XRF, SiO; was the highest. For the elements analyzed by
UHR-FE-SEM, C was the highest, followed by O, and Si.

Conclusions: In order to reduce the dust concentrations around toll booths on an expressway, it is necessary to
periodically clean surrounding areas such as underground passages, and it is also necessary to remove
deposited dust inside the toll booth from time to time.
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Table 1. Total dust concentrations of expressway toll booth by location (Unit = yg/m*)

Location N GMT(GSDT) MeanS.D.S Min Max I/O ratio P-value
Inside of tool booth 16 337.47(1.70)  378.93+171.57 102.56 671.79
Outside of tool booth 16 342.72(2.32) 443.91+303.59 34.62 1116.67

"N: Number of samples, TGM: Geometric Mean, TGSD: Geometric Standard Deviation, S.D.: Standard Deviation, 'l/O ratio:
(GM of inside of toll booth over GM of outside of toll booth)x100

*

0.985 0.897

Table 2. Size selective dust concentrations of expressway toll booth by location (Unit : ug/m)

Location N’ GMT(GSDT) Mean+S.D.8 Min Max P-value
Inside of toll booth 16 53.85(1.46) 57.61£21.96 32.20 102.30

TSP Outside of toll booth 16 62.13(1.56) 68.51+33.97 28.10 162.70 0.672
Underground passage 16 57.71(1.48) 62.14+25.01 31.60 102.40
Inside of toll booth 16 30.72(1.69) 34.96+19.14 11.00 85.50

PMho Outside of toll booth 16 40.43(1.62) 45.56+26.19 19.70 123.80 0.339
Underground passage 16 36.92(1.70) 42.19422.94 18.10 83.80
Inside of toll booth 16 14.94(2.08) 19.73+17.78 4.87 71.67

PM2s Outside of toll booth 16 16.70(2.10) 22.14+19.91 5.70 81.83 0.850
Underground passage 16 17.06(2.29) 23.37+19.41 3.99 63.76
Inside of toll booth 16 4.81(2.57) 7.29+7.25 1.26 26.14

PM; Outside of toll booth 16 5.54(2.90) 8.84+8.65 0.98 33.01 0.728
Underground passage 16 5.57(3.33) 9.3748.51 0.56 27.45

"N: Number of samples, "GM: Geometric Mean, TGSD: Geometric Standard Deviation, $S.D.: Standard Deviation
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Figure. 1. Changes of concentration with time for TSP, PMo, PM25, and PM;

Table 3. Heavy metal concentrations by expressway toll booth location

(Unit : ug/m’)

Heavy Inside of toll booth(N'=16) Outside of toll booth(N=16) | -H

metals  GMT(GSDT) MeantS.D.5  Min Max GM(GSD) MeantS.D.  Min Max /0 ratio” P-value
Zn 1.38(1.35) 1.42+0.41 1.01 1.89 1.39(1.98) 1.67¢1.00 0.51 3.19 0.993 0.445
Pb 0.09(1.35) 0.09t0.02 0.06 011 0.15(250) 0.26£0.37 0.08 1.10 0.600 0.809
Cd 0.01(1.88) 0.01:x0.01  0.01 0.02 0.01(1.89) 0.01x0.01 0.0 0.02 1.000 0.254
Ni 0.02(1.75) 0.01x0.01  0.01 0.03 0.02(1.59) 0.03t0.01 0.0 0.05 1.000 0.867
Fe 0.70(1.29) 0.71x0.17 048 093 0.66(1.34) 0.68t0.18 0.39 0.90 1.061 0.007"
Mn 0.02(1.40) 0.02+0.01  0.01 0.03 0.02(1.32) 0.02+0.05 0.0 0.03 1.000 0.023
Cr 0.27(1.09) 0.27+0.03 0.25 032 0.29(1.04) 0.29+0.01 0.28 0.31 0.931 0.809
Mg 1.33(1.07) 1.33£0.09 1.20 1.42  1.29(1.08) 1.29+0.10 1.15 1.42 1.031 0.067
V 0.01(1.92) 0.01:x0.01  0.01 0.02 0.01(2.32) 0.02+0.01 0.0 0.03 1.000 0.224
Ca 8.40(1.23) 8.54+1.77 6.73 10.63 7.52(1.15) 7.58£1.04 6.06 9.21 1.117 0.361
Cu 0.04(1.06) 0.04£0.01  0.04 0.05 0.04(1.27) 0.04+0.01 0.03 0.06 1.000 0.014"
Al 0.93(1.31) 0.95£0.26  0.70 1.31  0.80(1.56) 0.86£0.31 0.38 1.17 1.163 0.515

“ N: Number of samples, "GM: Geometric Mean, TGSD: Geometric Standard Deviation, $S.D.: Standard Deviation,
/0O ratio: (GM of inside of toll booth over GM of outside of toll booth)x100, T P<0.05
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Figure. 2. Shape of deposited dust sample analyzed by
UHR-FE-SEM

Spectrum 1
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Figure. 3. Spectrum of deposited dust sample analyzed by
UHR-FE-SEM
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Table 4. Atomic percent of element for deposited dust sample analyzed by UHR-FE-SEM

Element C (0] Si Al

Fe Na S Ca

cl K Mg

Component rate(%) 5455 3597 5.12 1.25

0.57 0.54 0.51 0.50 0.36 0.33 0.29

Table 5. Chemical compositions of deposited dust sample analyzed by WD-XRF

Composition SiO, Fe,O3 Al,O3 Ca0 SOs K20 Cl Na,O
Component rate(%) 41.42 13.64 11.77 8.12 7.65 3.84 3.40 2.97
Composition MgO TiO, P20s /n0 MnO CuO Cry03 SrO
Component rate(%) 2.33 2.03 1.28 1.03 0.32 0.11 0.05 0.03
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