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Comparison of Diesel Exhaust Particle Concentration between Large
Above-Underground Parking Lots

Boowook Kim - Dong-Woo Song

Occupational Lung Diseases Institute, KCOMWEL - Research Center for Safety Science,
Seoul National University of Science and Technology

ABSTRACT

Objectives: This study was conducted in order to investigate the diesel exhaust particle(DEP) concentrations in the thirteen parking
lots of large shopping complex.

Methods: The real-time black carbon(BC) concentration was determined using an Aethalometer, and elemental/organic carbon
concentration was determined according to the method of the National Institute for Occupational Safety and Health(NIOSH) 5040.
The particle number concentration(NC), lung deposited surface area concentration(LDSA) and geometric mean diameter(GMD)
were determined using a DiSCmini aerosol monitor.

Results: The average concentration of BC, EC, OC, NC, LDSA and GMD were 19.1 pg/m‘, 12.6 pg/m’, 51.5 pg/m’, 94,000
particles/cm™, 298 pm*/cm™ and 57 nm in all parking lots, respectively, approximately 3-fold higher than those found in the urban
outdoor. The average concentration of BC were 21.3 pg/m’ in underground parking lots, 3-fold higher than above parking lots.
Conclusions: Therefore, the parking lots at the large shopping complex can be considered a potentially dangerous environment
with a high concentration of DEP nanoparticles.

Key words : black carbon, diesel exhaust particle, element carbon, nanoparticle, parking lot
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g 5o wiETE =AN, Faaslmi YAdE
A9l wj&FFo] A3 & 1(Ono-ogasawara & Smith,
Rl Heto] 324

Bolojx TyAje] Belha 5 2l WAl
2 Aoz AdHA Qlth. DEE & YAAEZ (Diesel
Engine Particle, DEP)?] T8 AES U4es
(Elemental Carbon, EC)2} PAHsld], t]AallZ of A
= T2 WAy 374 £ vuke] A4 PAHs
7F 2 ES, 7HE"ddlFoA+= Benzo [a]pyrene,
Dibenz[a,h]anthracene 53} 72 115X} PAHs7}
A =l ch(Miguel et al., 1998; Marr et al., 1999). DEP
o] QAAAE AR A, T, A,
ZojAkg So 270wkt WA, 7]eHEE A
o] 100 m W[FOE TS F7] W] Lzt
O3t A% fEete #Hlo] lrk(Kittelson, 1998;
Miguel et al., 1998; Ono-ogasawara & Smith, 2004).
2012 69 A 9FATL A (International Agency for
Research on Cancer, IARC)o|| A= DEEE- Q17tol| A w1t
- Group 1 oela, eeol
ghgolale HeAo] QIThT uHESFYITHIARC, 2012).
2B g A A ATAT LA L A5
3 224 Y 5 DEl 28 4lem Syas
ISR EEpY 7\/\}7} o:]r—ﬂ ﬂ_ﬂ a;n}(OLDI 2013).

0] o 7| E2g AMSF 2

=de SHeR 7t 01—%0174 %EU%(SOHg et
al,, 1998; Kim, 2006; Park, 2010), JAAFEZLS
PMpo| =3tE|o] Qlal, DEPOJA 40~90% Z}A|5H=
ghaelael oe Boke @ik

DEPS] T7]t 22A~dedl mpa oo zk31, ol Zuj
284 7|40 WEE DEP HEF A= ol
s30Tk T2 DEP 5= 7kl slof 4
1o 245l A ot oE Beld 549 4
%‘—E(Number concentration) = 3 & (Surface area)
2 Hrlstes Aol g2 A AScHOno-ogasawara &
Smith, 2004).

o 2 g B SEA IR gL A
HEAR W AT 3] % A
W xe) Beld B4 Biske] 2AE B4
W A w=2Rote 2R 3
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1. o12Cl A
B oo 2012 8QHE 2013 59 Abolof A
%, ZAJAA G A doj2 Age wahy, ggutE

oF eglat SRS 2Hsla, oHhA)

N e) I-ﬂ

13329] F34-e gtz AAEHtHTable 1). 13
T 5 AR AFAAND, 2RE AHERAo)
Ak AL 2R A Aol L, 73
Ao BREAL 977} Ggeh AL 2
& 2412kl A A 6417 F1E SA AL, A
W ZAAAe HRoA 4 m Hoj|w, vietozy
B 15 m XFolM A mz ZAstqct. 7t 3
=eo iz 1gHe] AXZ)7E o] g3 Brie
3
=
3t
x
|

2 A2 EE U 2N
1) &7} (Black Carbon, BC)

= Y4ErA(Elemental Carbon, EC)¥} T&-o]
7] & DEP A2 F2 ARgFrh EC® BC= 3
2ol e B5E ofUL, dBAYeR B
A Al EC, Aethalometer(Magee Scientific Inc.,
USA)o|| oJ3t A 7F AR SAXE BCE H
th. Aecthalometer= 7]7] Uj5-2] o Zpx]of XHHEI%
Qo] ols) wol 74 WS BC Ao AR
£ 7AAlgch(Hansen et al., 1984). 2 A7Lo| A ALE
3t Aethalometer= 2|19 TEH%QE 7MutEl AE-51
weS ALgETh AE-51S 7]£9] Aethalometer®}t
t2A| oA E AFEATE wAoF St SAA]
Ztol Aojxdol e} BC &= Ha@sdo] Hird up
9lo(Jung et al., 2011), & HAILo|x= x4 njct
MNEL AIRZ 1A /\]'—8-0}93111}. Aethalometer 2]
SAAL 1702 AAsHeh

2) Y 4 €4 (Elemental Carbon, EC) € §7]€t4
(Organic Carbon, OC)

+71% EC2} OC 37h= vl=r=rgakdb i
T9(The National Institute for Occupational Safety
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Table 1. Identification of sampling sites and measurement method for diesel particle
Sampling sites Aethalometer NIOSH DiSCmini

No Ground / Underground Floor 5040

1 UG 3 v v

2 UG 5 v v

3 UG 2 v v

4 UG 2 v v

5 UG 3 v v

6 UG 2 v v

7 UG 3 ~ v v

8 G 2 v v

9 UG 2 v v

10 UG 4 ~ v v

11 UG 3 v v v

12 G 1 v

13 UG 4 v v

14 Ambient(1) v v

15 Ambient(2) N v
UG: underground parking lot, G: above parking lot
Ambient(1): 225 m away from the road
Ambient(2): 50 m away from the road
and Health, NIOSH) 50404} of whel AA|8kgct ot NP o E, HHE = 9 YA
A7 24 A E 37 m A o]2}=](SKC Inc., o] UHEE FAE U= S371719
USA)of| A== EC F&E0] €05t == 4.2 LPM Alo] MiniDiSC(Miniature diffusion size classifier, DM)

Z2(GK2.69, BGI Inc, USA)S ARg3ke] 50%
cut-point7} 4 ymel TEA BX-S YF T F, ofi}x|
oA 1.5 ar Zfd] OCEC £-47](Sunset Laboratory
Inc, USA)E ECS OC =2 Ak HAsrgct
(Table 2). ECS} OC B74= 137 2214 2 10710 A]

(Matter Aerosol, Switzerland; Fierz et al.,, 2011)E ©¢]
£5}o] YA} 42 = (Number Concentration, NC), ¥
Z = (Lung Deposited Surface Area Concentration,
LDSA) ¥ H AA=7](Geometric Mean Diameter,
GMD)E 4353t DMo QA SAHWHel= 10

A A]5}9I tH(Table 1). 700 nm o]w, ZA7FAL 1X0|XYF HE ATE
Table 2. Temperature program and purge gas conditions for the semi-continuous OCEC analyzer
Step Gas Hold time(s) Temperature( C)

1 He 100 1

2 He 85 310

3 He 80 475

4 He 50 615

5 He 35 870

6 He 100 550

7 He:0, 85 550

8 He:0, 52 625

9 He:0, 36 700

10 He:0, 32 775

11 He:0» 25 850

12 He:0, 20 870

13 CH4 100 120
Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(4): 323-332 http://www.kiha.kr/
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sh5l%ich. DM 24S 13
A X 8FTHTable 1).

4 =
2T o2 =44 gi7]oM BC s 9 NC 5=
£ SAsH Aol Wol vy =24 77t
HojA$2 BC WU NC 22 F43] A H Ui(Zhu
et al., 2002), T2 23294 &5tk A HA
EHZ%% 82 mRoA A7 PR 225 m Hojxl
7oA SR, F RA Hl 22 8A] =2
OM 50 m @oxl FE 7oA SA5H T 2 Al
Ao| xe A Fauro] W AMTIA 1Y
5 AZoNA SAHEHAN R Ao A WY == DEP
off AYA Q) GRS W, QA WFEFTT 48 kn, 21
2 ARArdR| 9L 12 kn HolA glomg, Frhol A
1:11—}%45]1— _,_%Fé,_l_,] 01‘61:51 HHXﬂ?ﬂ— 011;]_.

3. A2 A2
Aethalometer?} DM

e RS

71719 Az

SpEAo] A 2
HFRES| 77}
& ey
ASEAGS AYFAGL Frunt /e
3L, BCZF NC 23} Zhofi

ZFA]

EQofoll A AAAES &A, thd]
£ 2 F3t AAHAAE ey o] bl

Aok 2988 AsEdty o 75
At
A A= 8wk
HEAS A A=A B E=xo 2
SPSS 14.0(IBM Inc., USA)3} SigmaPlot 10.0(Systat
Inc., USA)S AFESFAL)

FlO o 1

RS CIBARE ARY 2T 5= U 2R
A

Table 3-& Zx#4 BC, EC, OC, NC, LDSA %
GMDE UYEeldlitt. BCO A Hat2 19.1 pgm' o=
A gz (o] vl oF 38 %2 =3 THTable 4).
M =l =rs wel A 132 i) H]

3 7Hf o)At E9ith HasEl FXASOA 127.9

Table 3. Summary results for the average concentration of diesel exhaust particle in the thirteen parking lots

Sites Black Carbon NIOSH 5040 EC/BC DiSCMini
GM(AM) GSD(SD) Max EC ocC OC/EC NC LDSA GMD
1 12.4(13.1) 1.4(4.8) 27.7 10.0 44.8 4.5 0.81
2 14.9(23.6) 2.8(20.9) 86.0 5.4 39.5 7.3 0.36
3 17.1(17.4) 1.2(3.5) 28.7 9.5 63.0 6.6 0.56
4 33.2(33.6) 1.2(5.3) 454 26.0 72.1 2.8 0.78
5 13.0(15.4) 1.6(13.9) 127.9 8.7 51.2 5.9 0.67
6 8.1(8.6) 1.4(3.3) 24.8 43 30.9 7.2 0.53
7 25.6(26.0) 1.2(4.7) 36.4 11.0 31.5 2.9 0.43 89,000 274 56
8 6.7(7.4) 1.6(3.7) 15.4 52,000 138 48
9 25.6(26.9) 1.4(8.5) 50.0 15.0 73.0 49 0.59
10 27.0(27.8) 1.3(7.0) 54.6 19.0 48.8 2.6 0.70 108,000 374 62
11 13.2(14.1) 1.5(5.3) 29.4 12.6 59.8 4.7 0.95 71,000 235 60
12 7.3(7.9) 1.5(3.6) 27.4
13 44.5(47.7) 1.5(16.5) 88.3 149,000 470 57
AM 19.1 12.2 51.5 49 0.64 94,000 298 57

GM: geometric mean

GSD: geometric standard deviation

EC: elemental carbon
OC: organic carbon
BC: black carbon

http://iwww.kiha.kr

NC: number concentration
LDSA: lung deposited surface area concentration

GMD: geometric mean diameter

Unit: BC/EC/OC: pg/m', NC: particles/cn, LDSA: /e, GMD: nm
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Table 4. Summary results for the average concentration of diesel exhaust particle in the urban outdoor

Black Carbon DiSCMini
Sites
GM(AM) GSD(SD) Max NC LDSA GMD
1 6.0(6.2) 1.3(1.2) 9.3 33,385 86 47
2 10.7(11.9) 1.4(2.6) 21.3 58,912 141 44

Site 1: 225 m away from the road
Site 2: 50 m away from the road
GM: geometric mean
AM: arithmetric mean
GSD: geometric standard deviation

pgm Q2R 7HE w0k dR(D)e) vl oF 14
] =%ttt BC %9 7|5}3EEHAHGeometric
Standard Deviation, GSD)= FAARE A elsti=
L 2 mgte s SAHAZE 5ete] Fwshe Bu
A A AL o 4 9tk ECOl A4 BEL 122
pgmol L, 7t w2 Zi}%ﬂoﬂfﬂ% 26.0 pg/m'o]
Ut OCo] A4 3 Bt 515 pgmolw, 71
o 2AINAL T30 pgmolalch. OCSH ECS)
Bl 490190ch 203Uk vl ARSI AR
7} 3](American of
Industrial Hygienists, ACGIH)o|A] ZHA =&7|&
o2 JUASAE EC 5%=7F 20 pgmo|H e 2
QFelw, olwl FAOIA LR EC FE vl
t}. 18|31 EC} BCO H|&= Hat 0.64(0.36~0.95)2
# BC #&=7F =74 YERth NC= Fat 94,000
particles/cit & 2 A T Z24(1)(33,000 particles/ci)o]] H]
3l oF 30 o, HHA vt Wt 298 /e
2 216 mi/emyel I3 oF 358 Etch
Fre7F =& olA= NC % LDSA =% =
e Btk =AW GMD+= Bt 57 mEA

Z7H (7))o B+ GMDQl 46 mm Xt}

O
—C._

Conference Governmental

érlo g

2. X MFRHEHL K| st FAE S| BC s& H| 2
Table 5% 2| A}Z=243} 25152140 BC Lre

SD: standard deviation

NC: number concentration of geometric mean

LDSA: lung deposited surface area concentration of geometric mean
GMD: geometric mean diameter

Unit: BC: pg/m’, NC: particles/cm, SA: /e, GMD: nm

et ARFAAE B 7.0 pg, AsIEAA
2 H 213 pgm O 2N 10}—r1}”«l BC =7}
oF 3u] orrt

3. BCvs NC

Figure 12 BC =2} NCo AAS yepRdct
(@)= FA47, (b= F2H0, ()= FAEH3, (d)=
22 TEal (e)= H=tloA e 544 JJrOM.
(@)9} (b)o|As ZzF AFA4: 0.78, 05924 =
FHUAE BAAN (o)X s SHEAE EOW

dza(DolAe AaAS
W HEO| Ayt 33_—7_—".‘:;' wat) o|ate] At
DEP =7} =& ‘_7401]/\1“ BC2} NC7H
Uk 218y BC &

i
flo
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T BAA] A
Z¥o] Aol uhe} M aHe Bmzha dAfo] Yglo
2 AR AN, Pet 9e1e oF 4 glotk
v.on &

DEE H7}= 1970 R 9=r9] FAtoA 24

Table 5. Comparison of black carbon concentration between above parking lot and underground parking lot

Sampling site

Number of sampling sites

Black carbon concentration

Above

Underground

2
11

7.0

21.3
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Figure 1. The correlation between black carbon concentration and particle number concentration in various parking lots

Aoz ZgE o] =t 27|o= DEE B7HA&2
F2 A ERA T 13 (Vermeulen et al.,
2010; Borak et 2011), 1980¢ito] NDIR
(Non-dispersive infrared) carbon dioxide analyzer T+

=
=7

al.,

electrochemical AlAjo] 2%t &35+ A H(Thermal-
optical analysis)o] ZA7)E|¢lx, o]F 9odd] St

FID(Flame ionization detector) H-4]of 2|3t dgsti
AR(thEA o2 NIOSH 5040t)o] 7ol uwhet
AA7HA] 247 DEE B7F 2|24 EC7F 7 5
AA] 31 QJtkBirch & Cary, 1996a; Birch & Cary.
1996b; Groves & Cain, 2000). 3t o 7|37 Hofoj
A= Aethalometero] 2J3t BC= &3] H7}sl =,
EC® BC v Adol Wi =i, drtder=
EC7} BCET} 30% 71 =4 &4tk A 3l
ChBabich et al., 2000).

A7HA F71% EC AA2 g 7]Eo] dAH
=7h= §laL, AP =E571@ARE A7HE Eat)
< G5 F7EeE 7ol A sk Uk m=o]
AFE G (Mine Safety and Health Administration,
MSHA)o| A= 2 #+e] DEE =& & flsto] &
B4 FEE24 0.16 ngm'(E= EC 0.12 mgm’), =<

> 1 =2
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oA ECEX Ashg4t 0.3 mgm, 71eF 2% 0.1
ngmoe= HAST Q1, TFE 0.1 mymo|c
(AIOH, 2013). 2001 w|=* ACGIHOJA AFAILA]
(Notice of Intended Changes, NIC) 3}it}7}, 20034
31519 E 0.020 mg/m'(as EC)o] AA7IA] 7P &
< Z4% DEE =%7]0] itk

LA e e FAAoA BC 4 EC 7=
Aol gl7] wZol & AFALE HusH = ofHA
gk, 9=9] th7] AFtAtE ol &Sk ofzelzt A
U 4R A 9] BC k= 1.4 pgm, AlZo|A 0.7
ugm' 02 eI (Gatari & Boman, 2003), Safai et
al2007) Aol SshA Q% mAKe|A AZE BC
e Hat 41 pgmolkal sk FfolA= F
FFAA Aol fIFFE AdTHsta Sl A
Acthalometer AE16°0.2 =43l A 7o] 25l UH
o] A 1.0 pgmollA Ho 13.5 pgm' O 2 LEbyt
thJung et al., 2011). o]<} v w3l & uf £ HLofA]
Uehd Fa BC 529 Hak2 19.1 pgm' e 2
Woule B 2

ok Aol ofstH | zof

S
e
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F AEE10 pgm' o)) k=& wedo] Q7] o
woll, Bats® Tt T Xt Ak kEo
3t #E)= = Qsitar A eksF9 tHAckermann-Liebrich,
2012; Nwokoro et al., 2013). & Ao A e X
shEaaelAe] BC BEE B SER HHdE
A EE 10 pymE 2SR, oXbsEE Y 128
pgm o2 w9 ol A=Al Byt Zad Aow
AZYE Tt A AFEAAS] BC s 4t 7.0 pgm'S.
i}}q X‘é]._,_x]_xl— H]:}-J:_ LJ—;(] ;(]—F/]: OIEF/FO] tlJ—.Q.
=47 d7]o)A ZA3 BC =9t §AFetglh 1
01%5 717t i E= AT LA 2 Ao

L HA o] gof, 97|19} F23] A H 7= THA
7P U= Aoz Yz

NIOSH 5040% o] &J3t EC, OC 4] 3} Aethalometer
& BC S%A| DEPO| 2J3t gha/d &3t 7|ef ehai &
2ol G2o] ofFrk th7]Folli= DEP 0] 2]9] gha

= ZAE=, AR, 7P oA wi &St A4
AR, MElAF 9 ezl A] BRAEHs Bl
EC, OC W BC o] 4¢84 d3e Az, 2
%270 9 434 So] FBEAUL EC, OC BAA ¥
S AFE-S o7 4= it} Aerdilol 4] NIOSH 5040
H o7 DEP H7IA] eHEZ]o] Z&EH OCQ EC %
7t BE UM R E(FE 0C), 713 3HEAS A<
3lal DEPYF EXEEE  Alo]ZE(cyclone, 50%-
cutpoint 4 ym)°]] DPM(Diesel Particulate Matter) Cassettes
(impactor, 50%-cutpoint 0.8 mm)E F-23] AR5 =
SFcH(Noll & Birch, 2004; Birch & Noll, 2004).

BC #H7lel= t}Z 7 NIOSH 5040 ®Hof o2
EC %7He 847 gagde] SENSE o 4t
QA OC SEES FEI B 4 glom, 2
EF7MA =E7E Aol FdEe Wt
d¥tH o8 EC %+ BC it =4 45

o7 dHA QX|THBabich et al., 2000; Borak et
al., 2003), & AFtolA BC =7} ¥ =4 et
olf= W3] & 4 gtk Z12IY Ng et al.(2008)
of ¢J5l¥ DEP 5 %2 OC 3g2 BC 5=5 tfx
EA B2 A Fobal sl fEuet 22 A9
715 OCet EC Hl= 37 A| 3 Aol whet 2o
7} A"E 2.55~3.89%2 YEGTHKim, 2013). DEP
% OC®} EC Bl A= 1 minte|al 7h&d 2t
ZFo 1 oo g &4 A Qti(Casimiro et al., 2011).
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B rlo
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El

JEy 2 Aol A FAA 0Cet EC vl
49, At 7302 t7]sh vmetel A Lebgid
2 ol FAAoIA OCS} EC MRSl AHaks
& Fuzn woks Ade) AEe] A7kl Ax
DA mo e Aol o Bl gEoR o
Aok Aa AdEolA= EC Hth= F=2 OC7} uf
S, AR JHELETE STt TR A
= EC "AeFo] F7leto] T8ka% 80%7HA] ECet
3 42 A ArKGroves & Cain, 2000).

DEE= 1A fafid o= Qs 1989 FE IARCO|
Al Group 22 &5 o] Ql%UaL, 20124 6HojA ¢l
Al wer=del Group 102 E73FATE =A% 5
Al whet eyt A 2o EAIE= AR
o= uf A A 7AX](Diesel Particle Filter, DPF)7}
Halo] BAET YL, o] Aol WAPE T AA}e}o]
s A= DPF A& #AskaL Jle
HjE 7k HAfolA 7]1EE 2%t A4 DPF §.2
= oF3tstar ik Azlef=rof A o] HA ] o
AX714S NTDE(New Technology Diesel
Exhaust)= &E2]=t|, DPF 2t} tf&of, e
WY 24, ARASAE, ZA 48 52
st} o]23t NTDEx= 7|£9] t]A ol X(Traditional
Diesel Engiene, TDE)o] H|5}¢] PAHs5 -3 &2 HF
S i AaA71al, EC= 99% ol HaAlA
(Khlek et al, 2011), 7F&el AA @ 7pAzttn) =
At 20 YA EES wiEshe 2o®E dEA
Q1tH(Cheung et al., 2009; Hesterberg et al., 2011). &
A74A= NTDE Hj&EE3-2 TDEO]| H|glo] =/4]0]
o Aog A QJA|THMcDonald et al., 2004),
AR Ao WYL BUAT 05 54
| &7ttt 2w 2lo](Su et al, 2008) T2
We QA77h AwE ol & Ao malT. Ho]
oM o] Be WAL NTDER B5 4
gl TDE Zjzpo|m, 9-¢jutet tf=Al9] tj7]% DEE

4 2

, B3] B714

O

FEE AN vmete] & 2otk 53] |3}
FART e AP HNE =] DEEY
£9 4 9 g7olth 2012~20139 LREX| F
YA ATATE PRI NAHﬂﬁﬂHL
A3+ Fato] gEEY Al A B, v

A 2eY 9 2] A Hek =4 T
A SRl A WAYF ek 5-& DEE7} F8
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]_
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