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Abstract Scientific analyses were carried out to investigate the characteristics of both ultra-fine (PM; ) and fine
particulate matters (PM, 5) based on chemical speciation collected at National Institute of Environmental Research in Incheon,
Repulic of Korea. In this study, PM; ; and PM, 5 mass were monitored using two betaray instruments simultaneously. Organic
carbon, elemental carbon, water soluble ionic compounds, and polycyclic aromatic hydrocarbons were analyzed using
carbon analyzer, ion chromatography, and gas chromatography, respectively. In addition, the oxidation potential using
dithiothreitol were investigated to compare the level of toxicities in PM; ; and PM,s. As a result, although characteristics of
major chemical components in PM; 4 and PM, 5 were similar, oxidation potential in PM, ;, were presented higher than that in
PM, 5 due to organic compounds related to toxic compounds. This result will be able to investigate the health studies and
policy strategies associated with PM, .
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Fig. 1. Sampling location at National Institute of Environ-
mental Research in Incheon.
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30EH, URG-2000-30EC, URG Corp., USA)S s
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Health (NIOSH 5040) =2 E-Z (protocol)= 7| %2
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S5 10 mLeF oA 2 FA +=27] (CA-111,
Eyela, Japan)¢} A% %-3-117] (8800, Branson, USA)
£ o]&sto] 247 Bt & FE5HAH Fol=

i

=

(Metrohm 930 Switzerland, Metrosp A Supp 5 150/4.0
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Metrosep C4-250/4.0 column, 5 mM HNO;)& ]85}
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ZFA O™ Li et al. (2009), Charrier and Anastasio
(2012)2] A oA ZHdE gt =2 Ao AR
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Table 1. Toxicological parameters for PAH compounds.

BaA  Chry BbF BkF BaP IndP DahA

BaPr" 0.1 0.001 0.1 001 1 0.1 1
BaPys? 0082 0017 025 011 1 031 029
DUS EPA, 2012

2Durant, 1996
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bue et al.,
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= benzo[a]pyrene?] A4S 7|Fo 2 Wb W E¢
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AZIA, Cie N 29 55, BaPrg D BaPypre
717y el 9 EAR Ol Y859 X452 benzola]
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=44 Ag-oltk.
PAHs®] HI' R} 913149 472 A 3)~(6)& °1&
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CD[m(]estmn - BWXAT 10 (3)
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Table 2. Variables for estimation of human health risk assessment.

Variables Units Infant” Toddler" Child" Teen" Adult?
Age years 0~0.5 0.6~5 6~12 13~20 21~65
Exposure duration (ED) years 0.5 4.5 7.0 8.0 345
Body weight (BW) kg 8.2 16.5 329 59.7 65.0
Ingestion rate (IngR) mg/day 200 200 200 100 100
Skin adherence factor mg/cm? 0.2 0.2 0.2 0.07 0.07
Skin surface area m? 203 344 586 908 1030
Inhalation rate (InhR) m3/day 2.0 5.0 12.0 21.0 50.0

"Rout etal. 2013
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Fig. 2. Time series of concentrations of (a) PM, 5 and (2) PM, o with OC, EC, and ionic compounds at the sampling site.
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UCL (upper confidence leval) 95% &, EF= &N
T2 350¢/4, ED (Exposure duration)+= =&7]7%,
BW A AF, AT HITSA ol it 3
TAIZEO & ED x 3659, PEF= PIHAL HjEAI ¢ =
1.36 X 10° m*/kg, SA (Skin surface area)x I|F EH

2], AF (Skin adherence factor)+ T5 W2} 912} ABS
= OESUASFE 01302 51921, IngRT} InhR
77 438 QBB 7 Aol g A

2| EE= ¥ 20 Yehith
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Fig. 3. (a) Scatter plot between PM, s and PM, ; and (b) ERA5 model results from 24~25 in May.
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23} PAHs 5%, DTT-OP9] =/dAl= £74 vi&d
9] FaFol fl= PM, 50t PM, 0O 97 F71 E4dl
ot 7]QlE Ao g wEh pM, s U PM, 9] B8-S
BASE AT, A 717 F PM, 2] s EE Bt 13.26
ug/m*o2 PM, 9 °F 69% = e T PM, 9t
PM, O] JHEAE 24T A} 59 24 B 5 25
A 713 AL A PM, 52t PM, 0] oA 2
AT () 0747 =& 4BEAE UERltH( T
3). 59 24943} 59 2592 PM, 557t Ht 34.79
ug/m’®, Z|t 68.64 ug/m’ 22 o o, pM, ,°] =
T W3l TR otk & 71k 71 TR
Z1}717EO 2, European Centre for Medium-Range
Weather Forecasts (ERA5) 24 A} £ 0 2 HE] 7|

F7b HAS A (T 3). olefFt A PM,
PMsO] HIEE 71EOR 9% §9) 5 WY AL

707 Hylst 4 Qi

HE 32 PMys ¥ PM, 0] 429 55 U
ZAo|t}, FAE] g (total) @] B E= PM, s A A
9] 57.92%, PM, 2] 73 69.76% = AdHHH o=
hﬂ] UrE’r‘*E} 01b PM, %EOHb HEFE A 2

74] Hlae 5‘%} U *Xﬁﬁ}h 1121”“"%011 ot o= ¢
ottt ECOl 49 PM,; ¥ PM, ) 5 W2 555
LEto] 24 2% UloA] 22 = pel

Table 3. Major chemical components in PM, 5 and PM,
during the sampling periods.

(Ng/m3) PM, 5 PM; o PM; o/PM, 5 (%)
Total" 11.12 9.25 83
oC 256 229 89
EC 0.39 0.45 115
NO;” 373 3.12 84
50,2 218 1.80 83
NH,* 2.26 1.59 70

total: sum of OC, EC, NO5~, 50,2, and NH,*

o} 2, PM,; W] ECE TR
oz FAaHE

7] Soll EAISh= NHy= e 7tas 4t
(H,80,)& F8koto] BTt (NH,),80,) FE &
25 Hlo] AH|o]E (NH,)HSO,)E A5t o]&
7] =o] = NH3‘— 7“/\]'(HNO3) T} 9rS5he] AAL
A E (NHNO;)2 FAMTt (Hu et al., 2014; Pathak
et al.,, 2004). 271 W o] 2442 @/l AuAQl 8
¢l NH; 5=+ PM, .l g% NO;T, SO,*, NH, 9]
ZHIE o]-gste] &l 4= Atk A3 Aol o5t
PM, s W NH,*/S0,> 2] EH]7} 1.5 0]4F0]™H ammo-
nium-rich® A9]€ 4 It} (Rozante et al., 2017;
Wofsy et al., 1972). & 2] NH,*/50,2 2] BH]=
PM, 5 5.52, PM, ; 4.72% ammonium-rich A Eo]cH( 1
& 4). I3 & AFof|lA NO,; /50,2 9] EH]= PM, 5
2.65, PM; o 2.69% L}EFGTE 2, ammonium-rich AFEl

2 PM,,, Hell £A5h= A
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Fig. 4. Composition ratio of (a) PM, 5 and (b) PM; o.
Table 4. PAH concentrations (ng/m>) in PM, 5 and PM, .

PM, o STD deviation PM, 5 STD deviation

Naphtalene (Nap) 0.1104 0.0258 0.1329 0.0226
Acenaphthylene (Acy) 0.2108 0.0494 0.2247 0.0292
Acenaphthene (Ace) 0.2327 0.0023 0.2759 0.0017
Fluorene (Flu) 0.1633 0.0044 0.1906 0.0023
Phenanthrene (Phen) 0.3441 0.0370 0.3545 0.0149
Anthracene (Ant) 0.2262 0.0238 0.2340 0.0098
Fluoranthene (FIt) 0.4998 0.1467 0.3675 0.0683
Pyrene (Pyr) 0.2088 0.0633 0.1700 0.0184
Benz[alanthracene (BaA) 0.5338 0.1334 0.4344 0.0660
Chrysene (Chry) 0.2794 0.0410 0.2955 0.0247
Benzo[blfluoranthene (BbF) 0.4661 0.1572 0.4894 0.1092
Benzol[klfluoranthene (BkF) 0.2119 0.0977 0.2737 0.0998
Benzo[a]pyrene (BaP) 0.5331 0.0338 0.6273 0.0307
Indenol[1,2,3-cd]pyrene (IndP) 0.9421 0.6110 0.7858 0.4005
Dibenz[a,h]anthracene (DahA) 0.4910 0.3873 0.5187 0.2862
Benzo[ghi]perylene (BghiP) 0.2329 0.1458 0.2655 0.1859
ZPAHs 5.6594 5.6403
= 7] F NHy7t 553 JejolH NH; ot -2t A5t
e o e FAH Aite] EARTL NO3' g B dZof| A PAHs =S 24T AT} PM,; 5.64

o o=
S A} o]9] 717 %% 71% NO;~ E—l
5042_911 NH "= 1:1 H]9] PA 2 Uepdt 5, a+
Z]19©] PM massoll 2H-rE dlHF-29] o] 274 A2

7] F] 341, A4e] eaLofe] ofaf Fstwlo] Sl

3.2 PM, 52t PM; 02| 1A flaid E7t
2 Aol s ARl &+E PAHs & 9
DTT-OPE °|85to] 17 A71'E A fsiide 2

ng/m?, PM  5.65 ng/m> S 2 LFEFITH(E 4). Al A
Tofl A B4 % H-22] PAHs 5 89.3 +74.3 ng/m’,
|7 2]9JQ1 14k2] 9 9] PAHS BT 3.17+3.31 ng/
m’o g AT 299 PAHs = U vl R
o AT EA] A9 v e oF 6% TR
Bk (Lee et al., 2006; Park et al., 2002). ©]+= &
Aol A At Hiel Zro] At 2|32 TR £
71 A=A viE ol §le A ¢o)7] wZolth

SIAI9E, PAHs HlE9S E4517] 915) PAHs It
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Table 5. PAHs diagnostic ratios used as source indicator.

2M3, ZIME, 76!, OlEfS, bHElA

This study
Value Sources References
PM; 5 PM; o
Prahl etal., 1984
Takada et al., 1990
Mantis et al., 2005
* ~1 i . .
CPAHs/TPAHSs Combustion 0.63 0.63 Ravindra et al, 2006a
Ravindra et al., 2008
Gogou et al., 1996
0.18 C?rs Grimmer etal., 1983
0.37 Diesel Ravindra et al,, 20062
IndP/(IndP + BghiP) 0.56 Coal 0.7858 0.9421 ) ’
X Ravindra et al., 2006b
062 Wood burning Kavouras et al., 2001
0.35~0.7 Diesel emissions N
Rogge etal., 1993a
Rogge etal., 1993b
>0.5 Diesel Mandalakis et al., 2002
Flu/(Flu +P 52 A4
w(Flu+Pyn) <0.5 Gasoline 05299 04485 Fang et al. 2004
Ravindra et al., 2006a
Ravindra et al., 2006b
0.5 Diesel Khalili et al., 1995
BaP/(BaP +Chry) 0.73 Gasoline 068 0.66 Guo etal., 2003
i Pandey etal., 1999
BbF/BkF >0.5 Diesel 1.9634 2.2987 Park et al,, 2002
. Gasoli
IndP/(IndP + BghiP) <~01 4 o 0.7486 0.7789 Caricchia etal, 1999

* Sum of major non-alkylated compounds (Flu + Pyr + BaA + Chry + BbF + BkF + BaP + IndP + BghiP)/total concentration of PAHs (£PAHs).
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Table 6. BaPzq and BaPy;q of PAHs in PM, 5 and PM; q.

PM, , 98.342 UEISITE 5, 91 A7]& 7|Eo 2
7Yt A2 PM, ,©] PM, s T} oF 20% oA} 2l 9
ZoHolodtglo] =7 dolxltl E3F & 59

AR vRe ol Az AH FEe 7=

(ng/m*)2

2 7 7S PM, 59t PM, 2] BaPrpq 2 BaPypq
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2ol PM, oo A2
= PM, 2 Z3boto] ZHHL 5
‘1:_]"?4 ;-(——’_]%]:% BaPTEQ
I PM, 5 A 2to]7h Qo=

PM, 59] 2F 70% <=0]™, PM, 5
= PMl.O‘?’]— PMzAsg’]
o BaPyyo©] Aol THE PM,
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(Unit: ng/mq)
BaPrgr BaA Chry BbF BkF BaP IndP DahA BaPrgq
PM; o 4.4062 0.0238 3.9467 0.1787 46.2724 7.8555 40.9353 103.6186
PM, 5 2.6555 0.0181 3.0106 0.1759 39.1860 4.8932 33.8674 83.8067
BaP s BaA Chry BbF BkF BaP IndP DahA BaPyieq
PM; o 3.6131 0.4047 9.8667 1.9660 46.2724 24.3521 11.8712 98.3462
PM, 5 2.1775 0.3081 7.5264 1.9354 39.1860 15.1688 9.8215 76.1237

(Unit: ng/m3)
BaPgr BaA Chry BbF BkF BaP IndP DahA BaPrq
PM; o 0.0507 0.0003 0.0466 0.0021 0.5331 0.0942 0.4910 1.2180
PM; 5 0.0434 0.0003 0.0489 0.0027 0.6273 0.0786 0.5187 1.3200
BaPper BaA Chry BbF BkF BaP IndP DahA BaPyeq
PM; o 0.0416 0.0047 0.1165 0.0233 0.5331 0.2920 0.1424 1.1537
PM, s 0.0356 0.0050 0.1223 0.0301 0.6273 0.2436 0.1504 1.2144
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Table 7. Non-cancer risk of PAHs in PM, 5 and PM, .
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PM, 5 Infant Toddler Child Teen Adult
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