T8 3A) 234 A 55
J. KOSAE Vol. 23, No. 5(2007) pp.596~611
Journal of Korean Society for Atmospheric Environment

EE xU[AHX] e EA T AEES I?_F silt loading2]
HAIZE SHAAH 7H%‘ o A

Development and Application of Real-time Measurement System
of Silt Loading for Estimating the Emission Factor
of Resuspended Dust from Paved Road

BAME - dAS - "o - 2ol - AMS XY B
Astelsta B2 Bt VEARA Y o7 2%
5¢€ 42,2007 9¥ 10 A=)

Sehyun Han, Kyung-Ho Won, Ki-Won Jang, Young-Min Son,
Jeong-Suk Kim, Ji-Hyung Hong” and Yong-Won Jung*
Department of Environmental Engineering, Inha University

YEnvironmental Cap Research Department, National Institute of
Environmental Research

(Received 5 July 2007, accepted 10 September 2007)

Abstract

Resuspended dust from paved roads in Seoul and Incheon metropolitan areas is regarded as one of the major
PM,, sources in these areas, according to the recent emission estimates using the emission factors compiled in AP-
42. 1t is well known that the AP-42 model for estimating PM, emissions from paved roads requires information on
silt loadings of particular paved roads. The conventional AP-42 method (vacuum swept method) for road silt
sampling, however, is expensive, time consuming, and dangerous. These drawbacks led us to develop a Mobile
Dust Monitoring System (MDMS) capable of doing real time measurements of silt loading of paved roads, thereby
we could get higher resolution silt loading data both in terms of time and space without too much human efforts
and danger.

In this study, for the real-time measurement of silt loading of paved roads, the principle used in the TRAKER
method of U.S. Desert Research Institute was employed and the entire sampling systems including data acquisition
system were designed for theses purpose and mounted on a SUV. The correlation between the silt loading
measured by vacuum swept method and the speed corrected ADust was derived for the vehicle-based silt loading
measurements, and then the variations of silt loading on paved roads were surveyed using the MDMS in test routes
of Seoul and Incheon.

From the results of real-time measurements, temporal and spatial variations of silt loading data together with the
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existence of hot spots were observed for paved roads in Seoul and Incheon. The result of this study will be
employed to estimate fugitive dust emissions from paved roads.
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o o) 2ol AER} g3 o2 colo} U Hefo|z =
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(Abu-Allaban et al., 2003; EPA, 1993).
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A9 o)7]377]% (NAAQS: National Ambient Air
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o] e AGATL A £42ES o] 43 A
AN zA=2 g vxaeze] AuAbR]7E 2A1A]
qe] dA wlAHA] (primary PMg)ell 7H3 =2A 7]
oJ3l= o=z ®WHE ¢ir}(Watson and Chow,
2000; Gaffney ef al., 1995; Chow et al., 1992). o] &t
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EPA AP-429} 7 (A (1) Fa)g AMg-ste] A4k
Hed, =28™ 99 silt loading (sL)¥ =28 F
st e BE AW g AR
(EPA, 2006). ZAx229] silt loading (g/m»)2 &3
=2o) ghe] WY Ae St 71584 47 T5um
o181 silis] FAE W, o) AggAoz A
3 mealAe] Aulat b DS oul e 24
29 silt loading &3 EPA AP-42 Appendix C.1,
C.20) AA=F] & wE (el3) WA wh)el] o
3 o] Fo] x|, AFA A7 (vacuum swept method)
1} BIR}2 (bloom swept method)E o]-&-3le] TA S
2 mdd Fod gl RAXEE AHsT, AL
(sieve analysis) & B3 silt(<75um)e] FAS =
3§ % 0% Asg ANF w2 wHew ol
silt loading8- A A8} (EPA, 1995). Silt loading--
FEEA (Ede, nEY 5, 2 EXN (5, 3=
Sl AR, BAOl R A W ABH 29 5
Akzzol weh Weske Azl S, o 2
silt loading®] WH3}EA-& 38§ A|7H4
A%} & silt loading gho] x| ojof wi&H| 422
Ag w7l AT (44 %, 2006; EPA, 2006). 71
2\} EPA AP-429] A2 vby& o443 silt load-
ing 2gE A7V - 2oz Aeke] w4 =,
=2 aEg Aol 33 W W8I} AdH] &0
g 5o Dol ol el o8 A4l
o]#)-g-o] Ft} (Langston ef al., 2007; 27 X, 2005b;
Kuhns et al., 2001; Fitz, 2001).
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EA4E ARS7] Sls A=A silt loading 238k
%] wigte = ©)]= DRI®] TRAKER (Testing Re-en-
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AZAN2DE ARse], 25 Ade] Fo £w
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%J—r FAE2E dqAfoz dglon, AY 3 A"
o silt loading®] W% EAE Z2HAow BAE
T oo vl A ATEIA A AF silt load-

ing 2tz} ¥ - 7 23}l

Er.‘i

2. ERER H|AHX| SAIS ALHA

FAE RN MAHE AR e &L u]
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AP-429] A=z Au|AIEA] WA A

o232 2} (EPA, 2006).
E=k(sL2)*5(W/3)°—C ¢

o71M, E(¢/VKT) e 2R =R Au|Abd] i
Ag ke YAEAA S PM 2] 7§ 4.6 g/VKT), sL.
(gm)e =z udo] Zo] 9l silt loading, W (short-
tons) e =EF B AFe PP Aok 1
22 C(g/VKT)= =2 Au|AFA] wiZA4 AR A]
& g A 1980w AHEAF Ak (fleet) @] )
717k, BHo] A Y Elolojuirel] 2)8t wlx] &4
42 EPA Mobile 6.2 29& Al83le] AALEw,
PM,g9] 7% 0.1317 g/VKTE A48} st 9)9]
Ao Azsf ‘é(dry paved road)o] 448 4= glon,
7397t A Sl 7dsel o3 ARass 18
Bl o]F umA iv}.

o]%q{_x];—— o] fa]= FAlgk(light scat-
tering) HJ-/S]./] RS FR-/I H A2 =22 7] (DustTrak
#8520, TSI Inc.)& AHg-3lo] x}gfe] oz o €
olo] Folo|A AvAbEE HAE=E A7 &7
3, Asessl BAAE Hgshe] qEzo)
silt loading Zt-& 3R 7otk &, AA5 = 53]

<5 DGPS & T - H meter

Background dust
sampling inlet (Dust 1)

Resuspended dust
sampling inlet (Dust 2)

Fig. 1. Mobile Dust Monitoring System (MDMS) for real-
time silt loading measurement.
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S eelo} vk Fo AX% AsAFHAE ZaA
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concentration, Dust2)Z ZA13ic}, oju} T &) wx]
TESFA7IANA EAE wx 5= Ze] (ADust)7}
Aol F5.0 tholo] oA ANAEE A%
=& YelliA =k oj2d ADust: ZAAjeke] &
=7} WSS, =2l #l WA (silt loading) o)
Be4T ZMhe ATE vepied, Bl A
(2)8} 7ol silt loading®} =}gke] F a4 (vehicle
speeds] Yo F) Wl AT 4 Uk
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A7NA C silt R =20 B4 Fo o8] H95)
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AE 4 Sl Ao o|FHASYA 2R 7]
2] euh (3 -4, 2006).
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281 9 20 R o2 mARE upe} Fo] Al
A ) A 2=l (dust sampling system)3} ] o] E]x] 2] A| A~
el (data acquisition system)2. 2 FAlEe] glom, &
AA - = AEE AFs] 493 - s=A
(T - H meter #8722, TSI Inc.)sh #2ke] 21528 (TM
H2 59 &5 ARE A)FsH= DGPS (Differen-
tial Global Positioning System: Stellar 2000 DGPS)7}
SRR
o) FUAZA AL A A A A2
ﬂ] Z2AAN) 9} 2R YA 2 BBmE 4 givh =
Az A7 2o 7P Baket wpale)
z]ln Z2)7]1¢l TSIAFE] DustTrak 2t e} Hx]9
AR E 2R3 GrimmAFe] Potable Aerosol
Spectrometer (model #1.108, ©]3} PAS) 1T]& A}-8-3}
o, BN 28 3t ARE 5 AnF A
g} DustTrak2 &£9)-9gFo] 1.7L/mino 2 0.001
~100mg/m*e] WY AAF=E Ha 12 PHo
2 Ao shsdlm, & AN E PM, =28 &
A3}7] 8l 10um SSI(Size-Selective Inlet)-& Al
3tgdcr PASS] &9)68F2 1.2L/mine 2 0.3~20
hm 719) QAR 1502 348k H2 62
Aoz Ao WP 4y 24U
agslgels QA AT uhsh o] WA s}
Golo) el AMAHE BAS FYH A 2
A2 AmAAT] e, 19 17 o] shpe 3
ol @ WHe eERo] AN qlow) T sk
T Age) 02F & vholo] Flol A ek F
312 Etyemezian ef al. (2003a)2 #%7] TRAKER
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Fig. 2. Schematic of real-time silt loading measurement system (MDMS).
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AedHtes §949% WX Aax W1z 2ge
& plenume 2 F4= 7, o§7]o] @AF DustTrak
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4 ol welE Fuz 27t 24 Aus) 9aw
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HEH AL 60 mmels, ARAHT Lolx 250
mm, MR AL 635 mmolck. AR A A LD 3
% Aush eolo] FHE) FA7k plenumoz 63
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o 7V 27er AEE ANY 45 U= A4

At ol2R §Ue=E FA) A8 AT
Z (model 1023-101Q-G608X, Gast Inc.)2] $-3&
119 L/mine 2 AA}3)lg).
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eI o} ulE], \2AZE 98 TRz} g2
A (model RMB, Dwyer Inc.)7} 22 ol =babs)

of glom, 24x2 9 WEANF ¢ Heteb) 9
3 HA" A3 (model VM-D790, Samsung Elec-
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nume]] 7= 22k 119L/minez HAAE2E &
2 4 9o,
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°1E1—E— FARel AR 715 I mE 24

H &2 Aol g9 =8 ZFEe RS-232
cablez Zt7} A= o] gle] AXZF &4l o]E]7}
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+d 2E FAFE: 22 A7) 7S - AR
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A Az 1z Aoz ZRYCEE HolEelx

FHez AAF 4 9o} =3 PASE A3 7%
9] 47 4+ A AFe e Ao HaFyel
A H4 62 AR AR 4 9o

3.2 AAJZE silt loading SHE 25t

ABBAA EE AS

o] A SAH A ~Eg 0]43 AAZE silt loading
2A¢ 904 A9 A AA weEe) AR
g shotsted, ol 5x}del Sla] AT 2R A
WA %5 = (ADust)$} X} gL =g o] f3le] Fo = silt
loading® FAT 4 sl AR[AAE =%
A% AL $3Y3l9de) Kuhns er al. (2001)2 7|3
2|7k~ ZA e 2 olA] TRAKER A|AEIF) silt
loading®] AFRAAAE =237) 918 AYe o)
2wl ek 2ok F0) A9 vFD zran =
29 B4 9 SAN2EY 45 Fol e 4
307] whel He) TAs 26l AP Ju
ANE E2ahe ol Bad ol

ARIANE w27 9T AR e
2ok WA 24 AAEEE AR ¥ ol 52
Asge o4 Sxdacg +usfe 423
ADust® 24 dhgez 59 el o5d
AZHA2DE o 43 24 F 12402 ol Ao
4] silt loading 2 ¥ (vacuum swept method)& o]
£38le] A= 2.9 silt loading S &A1}

o

3.2.1 3HER29 MA 2 =XNY

ABBAA] =2 AHE 8 == HA R
3} (silt loading)7} W@ 3, 2R 3lgke] HxE
WA 7[HA Fe3ly] Lol3t QMR Y zAE
58 AR, & Adx2 2 QA9 3E5F
& W] 9E 4310 =28 AASYH. 39 2o
(=F =2)dz dx5AY A7} g Aoz 4
A% = A, SAHAG) 22vle] ohyd T =
Amzo] dwtxoz AL £ gl AABAA
& =& 8 G-I o9 o2 =28 F
7} AR st ARE St 31 AYe F9A
(M3, AAEA], Urje 1X)9), FARY (R
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FEh oF 0% I3 A& Adksigl o, 7}
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443 A2 AN SAs = Ae %J"ilﬁi st
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3.2.2 X2 250 2 ADust £

e 5ol o2 ADust: o] Ew A=
ol-g3le FA w2 F7HeF 1km o]AHE& 30km, 40
km, 50km, 60kme] 494 L£x=2 FPsphdr &4
%}9511:}. AL 7 £z $UY 2237HE 27

Z=7] /\] /\EJI =

S ARS U} =YL BT T T
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sislon, 2 AN AedFs Aasiode) o
o2 2Ee] F 5 Aads) Sle s ol
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yilo o
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7] E¥l: 1.0um o)) =HAE 9%71A] AT
4= %)%= bag filter (Enviro-Filter™, CNC)& AR5}
o 225 229AE 105~110°Ce) 2504 < 6
A Bt AzAZ) H RS SR8 AxY
Al®E A =E}7] (vibratory shaker)$} 4709 =)
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AHgaed 108 702 45e] AH ALskel 7
Hz BHalgrk vhe-2 2 200 mesh (<75 um) screen
< B4 siltd] FAE SR F o)F A'F A
Fg =awA oz 1}o] silt loading (g/m?)E& A A
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3.3 O|SHX|ZHA|AMS o|RE =X 2O
silt loading &=
O] EHR|Z A A ARL TR T 2o|A] xle] 3]

2] v ZA] 4 A S 938L silt loading?] AIA]ZF

SAA A MEH A4 601

oz AuaEe wAEAY HEASE AR
w2 fxedwe] Awrt HE silt loadingg AA
Zrow YT Adel A FA3) 913 A2l
A1) o] th (37 B, 2005b). B )X silt loading
ZR A A HpzAe) ANAAAL =23 o]|F
N3t Qo) TAEzel ofF A3t silt load-
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o) w2 silt loading Zk2] W32 Al nglc}

o] g A2 A 2BE o] &8 silt loading Z4A
2= o 2ok WA e Ao E2AvRE
MR B 2R xeke sedA] 2R 529 ADust
o} AgEg s 58 3 Z3 35t} v&-0 2 d olE z}a]ﬂ
Zo whel SadolElE AMsly, AATA LS A
£3}ed silt loading Z+& AAFEIT) o)Ake] HAL =
3 AArE silt loading® 2R¢X]ef] W3 B (TM
& 5)E o]83be] =ZHUAR = (silt loading map)
£ A =285l wel 5 silt loading 3k
< AAksHA A

foh 24ESE ARSI 984 =
QST BN Ul 23 ARFD, AADA,
T 945 AX B sz sl

o} AR slsleh 4 2A9)
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Aok FAAE QA9 A9 of 3AzE AL AS
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Silt loading &7 2004 643-E 20053 947}
2 A on, AAEE 243 2} 24
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Table 1. Classification of road segments for siit loading
measurements in Incheon and Seoul.
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Table 2. Data selection criteria used in this study.

Parameter Criterion Description
City Type Roadway location To exclude the effect of
(roadway names) Vehicle 20~70km/h vehicle stop and relative
Seoul digital industrial complex speed (for expressway, - slow/high speed traffic and to
Industrial (Doksanyeok-gil, P 20~ 80 km/h) minimize (_1isturbances due to
Beonseong-gil, etc.) ambient winds
Commercial Yeongdeungpo (Yeongdeungpo-ro, , To CXC]Ude' the effect of
Yangpyeong-ro, Kyeongin-ro, etc.) ADust =0.0mg/m ?:szg:gezzzgfjs(te?tfl;sn
Mokdong-Deungchondong Hot spot’ data (> 3.0 g/md) is
Residential (Deungchon-ro, Gonghang-ro) c{)ed 30 /mj Ve
Seoul Sangamdong (Gayang-ro, Siltloading ~ <3.0 g/m? f%gfninim{zegmc effect of
Worldcup-
orideup-1o) ‘hot spot” data to mean value)
Bridge Gayang large bridge
Yangwha large bridge
. oo arieral & dole] AriFe] Basheh & AFNE £ 2
Arterial Siheungdae-ro -
Gangseo-ro 2} 2 AYr|EE A4l AgHor dolElA
Seobu industrial complex £ $Y3lgon, 4 =277k FAFFE =gt
Namdong industrial complex o2 3yt 28y FFe= Etyemezian ef al.
. (Namdong-ro, Aam-ro, -
Industrial Hogupo-gil, etc.) (2006)01]A—] Xﬂ }\]Q H]"ﬂ' 7]-9‘ x]’%]:-q 7]'41:]’]’ 71}47—
Wolmido-North harbor 52 78T HolHxgr|EE Y ZF A A=
Ineh (Wolmido-gil, Jungbong-ro) AgtalA nebete] H4ad Porl gle Ao Alm
ficheon Commercial ~ Juandong (Kyungwon-ro) B}
Residential . consudong (Cheongneung-ro, Faz £ Aol ARA{AA] 2o A4
Biryu-gil, Michuhol-gil) ) ) )
el A A silt loading ko] 91 (0.08~4.70 g/m>) S 1
ungbong-ro )
Arterial Namdong-ro 23], EPA (1995)9) 4 AAI&H dLdamEaFe] 5,000

Aam-ro

mg A EASE ST 0 YA v T a2
Fel FLspl D47l ojei el k.

b 2 APl SN AEE H48 27 o
Aol &4 A= silt loading®] A|7+A - Z714 2

ZE Aofsl] 93 2AAAE AY 2 =2 @}
gt 2R3l en, o]g = 1o Jehidd 3% =)
&g AAA A A== silt loading 23 A5}
F AAH2z Rl A5 7)F0) nekd A
L7} Sl

TH o)A °]-g3 A3l A
Hi 1& PHoz 4 “ﬂ~T 7E AN} dlelelr) H
olEse]x ez A=, 23 Ao 2w 2
o FFENN7EE F) T B dojEr) =98 4
At =3 FAAFe] A& = ooz FyPs-
Al M AuAER 7} D= me e F 2
9] g 5& sl fa dHolEE Ay 9

A A /\Eﬂ

Fd719A433A) M23 4 ASE

o o]3}el =& (Low ADT roads)e] ‘worst-case con-
dition’ol] #5381+ silt loading k(3.0 g/m)& 7| &0
2 o] o]akel ZA ) o)E]E ‘hot spot’ ¥ o|E] 2 A

stk

4. @2 ¥ DY

4.1 AA|IZt silt loading ™ 2l
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Table 3. Example of data analysis measured by MDMS.

odul - AAS - FAY - A8

Incheon (2005. 3. 30)

Site (date) Seoul (2005. 3. 29)

Data logging interval (second) 1 1
Number of total dataset 6398 (100%) 7984 (100%)

Vehicle speed less than 20 km/h 3371(52.7%) 3451 (43.2%)
Number of Vehicle speed 70 kmv/h and over 8(0.13%) 1(0.01%)

dataset ADust zero and under 199 (3.1%) 168 (2.1%)

Hot spot data (=3.0 g/m") 6 (0.1%) 43(0.5%)

Available data by criteria 2814 (44.0%) 4321 (54.1%)
Average hot spot value ( g/mz) 42 8.4
Average silt loading value by criteria (g/m?) 0.095 0.175
Average temperature (°C) (average relative humidity) 9.2(23.5%) 7.2(45.5%)

1.0
0.8
[ )
£ 06
20
o
5 0.44
=
L
= 0.21
22}
0.0
Se(murvey Incheon:urvey
(2005/03/29) (2005/03/30)

Fig. 5. Box plot of 1-second silt loading values measured
by MDMS in test routes of Seoul and Incheon (10,
25, 50, 75, 90 percentile box plot, dotted line:
mean, dark circles: 5 and 95 percentile).
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Fig. 6. Silt loading maps of test route in Seoul.
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Fig. 7. Silt loading maps of test route in Incheon.
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Table 4. Summary of silt loading measurements by roadway classification of this study using MDMS.

Total measurements (N=13)

City Type Summer Fall Winter Spring Moant SD Range  CV(%)
Seoul survey  0.068+0.029(2)* 0.081+£0.024(4) 0.078+0.011(4) 0.099+0.036(3) 0.082+0.024 0.047~0.137 29.3
Industrial 0.069£0.013(2) 0.120+0.078(4) 0.113%£0.025(4) 0.135+0.024(3) 0.114+0.047 0.059~0.234 41.2

B Commercial 0.095£0.064(2) 0.083+0.014(4) 0.086£0.015(4) 0.132+£0.071(3) 0.097£0.041 0.050~0.198 42.3
@A Residential 0.049+0.032(2) 0.0481+0.013(4) 0.064+0.018(4) 0.062+0.020(3) 0.056+0.018 0.026~0.089 32.1
Arterial 0.056+0.023(2) 0.0691+0.034(4) 0.057£0.013(4) 0.062£0.019(3) 0.062+0.021 0.040~0.117 33.9
Bridge 0.011£0.002(2) 0.017+0.007(4) 0.015+0.004(4) 0.022+0.007(3) 0.016+0.006 0.009~0.029 37.5
Incheon survey 0.088+0.021(2) 0.127+0.045(3) 0.146+0.030(4) 0.169+0.038(4) 0.140+0.042 0.073~0.215 29.9
g  Industrial 0.149+0.080(2) 0.250+0.083(3) 0.247+0.046(4) 0.293+0.095(4) 0.247+0.082 0.092~0.398 334
fg’ Commercial 0.099+0.008(2) 0.0591+0.023(3) 0.070£0.037(4) 0.0871+0.034(4) 0.07710.031 0.035~0.136 39.7
= Residential 0.025+£0.008 (2) 0.036+£0.002(3) 0.054+0.025(4) 0.068+0.015(4) 0.050+0.022 0.020~0.085 445
Arterial 0.036+£0.003(2) 0.050£0.019(3) 0.051+0.006(4) 0.068+0.021(4) 0.054+0.018 0.031~0.094 32.6

“mean = standard deviation (N) *SD : Standard Deviation, CV : Coefficient Variation
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Fig. 9. Local-scale silt loading maps of industrial and residential areas in Incheon.
Table 5. Summary of silt loading measurements of local-scale survey using MDMS.
; . Date Average
City Type Roadway location or name Season (yyh dd) silt loading (g/m?)
Industrial Seoul digital industrial complex Spring 05/04/16 0.175
Commercial Youido Fall 04/09/28 0.022
Gangnam Spring 05/04/16 0.052
Seoul Residential Mokdong Spring 05/04/15 0.067
Olympic large road Fall 04/09/28 0.012
Maior arterial Gangbyun north road Fall 04/09/28 0.019
y Nambu beltway Fall 04/09/28 0.024
Siheungdae-ro Spring 05/04/16 0.060
Industrial Seobu industrial complex Spring 05/03/16 1.305(3.621)*
tnch Namdong industrial complex Spring 05/03/14 0.261
ncheon
Landfill Sudokwon landfill entrance road Spring 05/03/16 1.742 (3.888)*
Residential Yeonsudong Spring 05/03/19 0.038
- Expressway 1st/2nd Seoul-Incheon expressway 04/09/09 ~05/04/15 (N=5) 0.014

*Values in parentheses represent no-correction values of ‘hot spot’ data.
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Table 6. Comparison of default values and measurements of silt loading (g/m?) based on ADT (vehicles/day) or

roadway type.
Type (ADT) Local Collector Minor Major Freeway
(<5,000) (>5,000) ) arterial
Source (<500) (500~ 10,000) arterial [0, (>10.000
NEI default 10 02 0.04 _ N N
(EPA, 2001) : “ : :
0.03
A(g;ff dz%fgg;t 0.6 « 02 0.06 - - (0.015 limited
United ’ access)
states  CARB default 0.320
: — .035 0.02
(CARB, 1997) 1.6 (rural) 0.033 - - 0
MRI(1996) 0.58 0.24 - - 0.07 0.04 0.04
TRAKER (Kuhns
- ~ . 73 0.31
et al., 2001) >1 L6 18 0.7
Korea This study® 0.181 (industrial), 0.087 (commercial), 0.053 (residential) 0.058 0.014

*Average silt loading values of Seoul and Incheon measurements (Table 4).

*ADT (Average daily traffic), NEI (National Emissions Inventory), CARB (California Air Resources Board), MRI (Midwest Research Institute)
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