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Background: The health effects of particulate matter (PM, ;) bonded with various harmful chemicals differ Accepted April 13, 2022

based on their composition, so investigating and managing their concentrations and composition is vital
for long-term management. As industrial complexes emit considerable quantities of pollutants, higher PM,

concentrations and chemical component effects are expected than in other places.
Highlights:

Objectives: We investigated the concentration distribution ratios of PM, ; chemical components to provide ) .
- The concentration of the ion com-

basic data to inform future major emissions control and PM, ; reduction measures in industrial complexes. )
ponents were the highest among other

Methods: We monitored five sites near the Ansan and Siheung industrial complexes from August 2020 to July e
2.5°

2021. Samples were collected and analyzed twice per week in spring/winter and once per week in summer/ . Among the carbon components of

autumn according to the National Institute of Environmental Research in the Ministry of Environments’ A
the sampling sites, OC accounted for

Air Pollution Monitoring Network Installation and Operation Guidelines. We investigated and compared S

composition ratios of 29 ions, carbon, and elemental components in PM, .. s e e el igin o

Results: The analysis of PM, ; components at the five sites revealed that ion components accounted for the tribution from mobile pollutants such

. o . .
greatest total mass at approximately 50% while carbon components and elemental components contributed o Tl G i @,

23~28% and 8~10%, respectively. Among the ionic components, NO;™ occupies the greatest proportion. OC

occupies the greatest proportion of the carbon components and sulphur occupies the greatest proportion of *Corresponding author:

elemental components. Deprtment of Nano Chemical & Biological
Conclusions: This study investigated the concentration distribution ratios of PM, 5 chemical components in Engineering, Seokyeong University,
industrial complexes. We believe these results provide basic chemical component concentration ratio data for 124 Seogyeong-ro, Seongbuk-gu, Seoul
establishing future air management policies and plans for the Ansan and Siheung industrial complexes. 02713, Republic of Korea
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o1go] et

PM, ;9] 4 SBHIEES AL K, Ca, Si, Pb 5 22 &
45, S0, NOy, NH," 53 22 o] 2 A&, J8i f7]
B4 (organic carbon, OC)2} F7]|EtA (elemental carbon, EC)2}:
T e JRo g AR Y Fid, EFHA] 53 22 A4
A &y 1 Am da, AdSE 1A FA 5 22
AF wi&-go] Qlrt? o & Eof L2 ulE(ADT H(Fe) A
7t 719 942 EY wA9L YAN)T vhHE(V) S 4G 3
St 243} o} A(Zn) T FE|(Cu)E H71E Az Bo] 9l
o}? G (Pb)2 A5} v EC] A AAL= o]-g-Ht?

AFATA] A9 o] B¢ thE LN Yof| B]sf| v eAE
Zo] HjEE|o] PM,; & SFeHME9] 5Lt w2 Ao = A4
ok QbAR- A SR 2 WA HA], AlSHAFA TR -2 o
T 71 A=A HiEAIAEo] fIXISIAL Qlo] PM, o HiRh =
< PI8o] thE AQH & 20 & o= AR R85t
& (Volatile Organic Compounds, VOC), ¢ 53 Z2 7}
24 QAEA Bt AL FE o] F o™ PM, 5 3}t
o] tigt A= mlEgE AFolth PM, &= ARFTiH] H|1®
Aol & 54 7L Qlo] YA W 2+ FeledEd
o] Fzto] golatal,”” QlAlof tidt YFL PM, ;9] AF5E
7} obd AR Qg JFo] o Z AoZ LA Ut
PM, 9] fIe/dS £0]1L, a4 At Al wiE
Aol FFZ AA 2 AL & A== A Yof|A2] PM, 52
Z9 ot R I} g utelsl= Zlo] a5k, olo] mhE
PM,.0) Hetgat 2 A olafsta A% e Wik
EA 22E Adtste Aol Fesich

ool 2 QITE A AL Z A AT FAAIARA A2
PM, 59| 3} A& E4S FIstarA} sk9itt ol st
20201 8€FH 20219 7E71A]9] kAt AlGAH AHITA]
I 571 A1HS] PM, s AF Il o, o], B4, da AR
9] 297 =S EAI5ko] AAFe 24 FF AFATA] A9
PM,; F8 #i&d 34 4 & e, PM,; AR A& 5
ol 7124 A= A&kl Al sHT

. = 3 2

1. 58XH

QFAAICE AlSAlO] f1A|St= ST EA 2 R4S
22} AStAATA], A|SHHFFE 24 A (Multi Techno Valley,
MTV)7} Utk £ AoflA= QFAE- AlZ 2|9 9] AFATHR] &4
of| T2 PM, 5 BFaHgEe H|X|= Y& EA5H] Hsto] 574
o] 7158 4E Fig. 13+ o] AAskel:. Bl (37°19'14.1'N,
126°43'53.7"E), B4 (37°21'27.3"N, 126°43'35.3"E), B5
(37°18'48.7'N, 126°43'40.9"E) A2 A|SHAATA|Q} A]
SIMTVZ} Qo] fIAIskaL §lom B2 (37°20'00.4'N, 126°

47'28.3"E), B3 (37°19'08.4"N, 126°47'28.2"E) AL 6t
A2 7} Qle]l AIskar glow, ZF X ¥o] AE SAFolA
A= AFH AT

Z74S AlAeE 202049 8¢9 71& AlSHIIEAoll= 11,303
AL, A8 MTVOll= 1,0187]AL BHEATAEA] o= 7,306A7F
Aol dom Tt EZ SAURE 96.0%, 94.0%, 96.8%=E
FAERCH F8 T2 ASHEATEA]] B8 714](59.9%),
A71AAH15.1%)01% AlEF MTVE] -9 A7 2H38.2%),
71A1(35.7%), RHEAFATEA ] A% 7]A1(37.3%), A7
(35.3%)2 HA| YA oF 70%E 714, A71A% dEol
A3 Q= AL 2 FAE LD

2. N=xhH

PM, s 5% Al U= EPA FRM PM, 5 57 "ol 255t
AAE ST WA 74 A (Low volume air sampler,
PMS-204, APM Co., Korea)S AF235to] A BE AF519iTh
olff L 16.7 L/min O 2 24A17F Ei= 48A17F B2t 574
SHA-NA A S8= TR 5787802 A9} A|
=29 A5 A 2H2 LR - U M7 ASET
2] - LA 0 wheh et o] R F wEkda
A BE FES AV A8 7 A ARAFE AR
stpeH o5 Fulel= 42 s Hegytetede] At HiZE
ZE|(PTFE 2.0 um, 47 mm), 4F FE(47 mm)E F26H3
ok HZE TE = A5 A -39 ox]= &4 A7 Eatd o
Ef Y] ¥a o2 25 5o 98 & 9 BEsil
om A TE = 7FEAR F ARSI AHE AAAE olF

[
& ol PM, & 5K e dES0] FY 9 WS 52

ol

\ N <
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tiongl) g

Fig. 1. The sampling sites in the Ansan and Siheung industrial
complexes area (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol; B4:
Sihwa)
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B ARE AF s 150 18] E= 23] SHEIct 1
it gjgolut F9-0F T2 7ARA T PM,; AT 7
- AF F grof 7eixls gEo R Qs Fu|o] ugo R
AR A7 £Alo] AT A9 AH AR 4 9 A5 A0
A Akt 2 Aol A Y] AlZA]F 713F E ZHFHE A=
E A7]5}] Table 10 YEMQIC)

3. NEEY

2t HEl = AR AH A2 24470 T2 T S A
diFscol BAe #sto

A FAE S785k3er, PM, ;9]
A4 HgofA|(Lab Blank, LAB)?} @7 50| (Field Blank,
FB)E ©-&3I3ith PM, 5 Bt FH3-2] vt 22 LABE A
gotalen, ARAFH 717 S ddd W Baeol] kgl
HARAH F ArdEE AT SH0R oA FAE A
Fololtt. FB e o] H32] FAE A= gkt 22
FBE ARESIG oM AR AR FAL F HFHTE2 A
AR 3L BjrElo] JEEEE A HHOR T #AE A

FIATE PM, s A Ees oF o] Ao] wha} A= e

(W= W)= (Wipr— Wip)

PM, 5 (ng/m®)= a

where, W;: Weight of filter paper before sampling PM, 5 (ug)
W;: Weight of filter paper after sampling PM, 5 (ug)
Wt Weight of FB before sampling (;,lg)
W Weight of FB after sampling (ug)

V.. Volume of aspirated air (m?)

3.2.012 42 24
PM,; & o2 4% &4 4 52 Fole 5F(Na',

Table 1. Sampling periods and the number of samples in each
sampling sites

PTFE Quartz

Industrial complex Site  Sampling periods

N (N)
Sihwa & Sihwa MTV Bl  2020.08.12~2021.07.27 101 102
Banwol B2 2020.08.03~2021.07.27 106 116
Banwol B3 2020.08.14~2021.07.27 105 103
Sihwa B4 2020.08.14~2021.07.27 107 112
Sihwa & Sihwa MTV  B5 2020.08.03~2021.07.27 108 106

https://doi.org/10.5668/JEHS.2022.48.2.66

NH/", K, Mg”, Ca*), &°l2 3%(S0,”, NO;, Cl)o|th &
A Almo] & &S FAPI7] flsto] ZH AfHE2 B
7 B Bl FsHA| §F & AoRE 55 ol oeE
200 pLE e 7hoto] HAAZE of7]o] BIAF 18 MQ
o9 24 20 mLE W2 & wH7Iof] FZAIA 120 rpm
o2 120% &t whtste] &350t wRte] i &9
2 FF(pore size) 0.1 umQ! A7 110 mm2] TE Ei= FA}
7|gE|2 ofFfsto] o] 7 2ulE T (Ton Chromatography,
I0)E AHEsto] BA42 $3slqit) ol A& E42 9ol &
&8N Axsto] 2 #EEH] et A7 (calibration
curve) 5 2ot oH, A () BF 0.999 oo g
UEHATE PM, 5 5 Ol 22 S v Aol w2t Alitst
i

C=((X,-X,)xS)+F

where, C: Concentration of ionic components in the air (ug/ m3)
X, Concentration of ionic components of the sampled
filter (ug/ mL)
X, Concentration of ionic components of LAB (p,g/ 'mL)
S: Volume of extracted liquid (mL)

F: Total volume of sampled (m3)

ST

PM, 5 = S Aélﬂi:‘ —F‘:’ﬂ—% ‘?47_5}1 ‘ﬂ'ﬁ\_—ﬁ-ﬁﬂ(Model—S Semi-
Continuous OC/EC Field Analyzer)@} BtAEA7| HE Alw
245 FA7](LAB OCEC Auto-Loader) & Ar-8-5to] 43519
o} 3= = 650°C o/dollA 2417t o) 9 77173+
I 22 ESES AASIECH, 15 cm® A712 ZE B4 4
Az 2 ARESHITE oW Alm AHEF=%d A o]gof whE Al
T S Aslr] Yote] 107 oS A& o= EAokA] ¢
IR 25 S fACHES SHY oM, STt w2 ¥ 15t
42 TSI PM, 5 5 B4 w2 TEe tha Aol

o Arsteict

C=((X,=X,)xS)+F
where, C: Concentration of carbon components in the air (u,g/mS)
X, Concentration of carbon components of punched
filter (pg/cmz)
X, Concentration of carbon components of punched
blank filter (ug/cm?)
S: Area of sampled filter (cm?)

F: Total volume of sampled (m?)
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PM,, B FF% 5 vALE BA% - FYATeLY
of 7] 9955 44 -2X|% 0] Wt ED-XRF (Energy

Dispersive X-ray Fluorescence Analyzer) & 2-&5}0f 0|z
YA 19%(Al, Ti, V, Mn, Fe, Ni, Co, Zn, As, Sr, Mo, Cd, Ba,
Pb, P, S, Cr, Si, Cu)& R4tk 3249 F8A 725 7t
+ ED-XRF= 7t 9404 &5 = 1153 398 X-A9] o
9 A71E F35te] -84 A5k AHIE t7] S0l =
nFo = ShE FoldE 57501 7Hsgt AHlolt mga
AE S 9o 2E8 NS ARoto] 2 EEH gt A
7§34 (calibration curve)& 2435t 0H, AGAIR () BT
0.999 o2& YEFHTE PM, s T HFHLFE] 5=E= 0
C, 760 mmHg= A5t 371 1 m’ 5 A& AFo 2 o2 4]
of] we} Alikskaih

(G = Gy) < Au
V.

s

C=

where, C: Concentration of heavy metals in airborne particles
(ng/m’)

N\

574% 57.0%\/
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Fig. 2. The chemical compositions of PM, ; in each sampling sites;
(a) B1 (Sihwa & Sihwa MTV), (b) B2(Banwol), (c) B3(Banwol), (d) B4
(Sihwa), () B5(Sihwa & Sihwa MTV)

C,: Concentration of heavy metals in the sample (ng/cmz)

C: Concentration of heavy metals in the blank filter
(ng/cm?)
A, Total area of filter used for sampling (cm?)

V. Total volume of aspirated air (m?)
n.& 1t

1. PM,s SE &4

Table 29} Fig. 2= HAF-AlE A|Y AFAEA] W SHAHE
ZAHE PM, 59| A e =R e} sleh g ARIE UEd
ZAolot. A717t 5t - AIZAG9] PM, 5 HF SEE
AR B SEE 27.8416.5 pg/m’ (GM, 23.6 (1.8) pg/
m’)olH £ AFE PM,; s Bl A70] 32.0£17.9 pg/
m? (GM, 27.6 (1.8) pg/m?), B2 o] 25.3£15.9 pg/m’ (GM,
21.2 (1.8) pg/m), B3 A7 29.1+16.8 pg/m® (GM, 24.9
(1.8) pg/m?), B4 o] 25.6+16.0 pg/m’ (GM, 21.5 (1.8)
ng/m’), B5 |70 27.4+15.4 pg/m’ (GM, 23.8 (1.7) pg/m’)
& Bl Aol oAl A F 7MY 2 5L E HolSlth

A AH 25 o] Adwo] AA| A o 50%=E thE-E
2 AR, 3o 2= vhA B, ofF] A=A oot

}

o 2= 9l HH(Unknown), U] Y4 AJEO] £0 7 ZAEY

2. 0|2 422X EY

PM,; & 7§ B2 U] &S AA|ot= A0 &2 RAME o] 4
EEF 5 ol ALY o tigt 7 o] 2 JEE0| AA|s
£ 24J¥]E Fig. 30 YERHITE

Bl QoA ZF o] LY Bt 5= F ol ZEY =
o gt 7} o] A9 24H|E NO; (6.6£7.0 pg/m’,
38.9%)>NH," (4.143.3 pg/m’, 24.1%)>80," (3.4+2.4 pg/
m’, 20.2%)>Cl (2.0£1.7 pg/m’, 11.8%)>Na” (0.3+0.3 pg/
m’, 1.7%)>K" (0.340.1 pg/m’, 1.5%)>Ca** (0.240.1 pg/
m’, 1.0%)>Mg* (0.1£0.1 pg/m’, 0.9%)&0 & 23} ofojg%

Table 2. Concentrations and standard deviations(S.D) of PM, ; in each sampling sites

Concentration (pg/m3)

PM, ;

B1* B2t B3' B4’ B5*
Annual Mean+SD 32.0+179 25.3+159 29.1+16.8 25.6+16.0 274+154
Min 5.5 39 4.4 3.7 7.0
Max 107.4 102.5 110.1 97.9 98.5
*Sihwa & Sihwa MTV.
"Banwol.

*Sihwa.
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Fig. 3. The composition ratios of ionic species in PM, ; in each
sampling sites (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol; B4:
Sihwa)
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Fig. 4. The composition ratios of carbons in PM, ; and OC/EC ratio
in each sampling sites (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol;
B4: Sihwa)

(secondary aerosol)f| 3Fo}= o] AJEE0°] 80% o4 X}
AJahirt.

B2 A9 AL NO; (5.947.0 pg/m?, 42.8%)>80,*
(3.6+2.7 pg/m’, 26.2%)>NH," (3.0£2.9 pg/m’, 21.8%)>Cl
(0.5+0.5 pg/m?, 3.4%)>Na" (0.3£0.6 pg/m’, 2.1%)>K" (0.2
+0.1 pg/m®, 1.7%)>Ca** (0.1£0.1 pg/m>, 1.0%)=Mg** (0.1+
0.1 pg/m’, 1.0%) =02 Bl A3} vp7A| 2 23} ofoj2F
BEEO] fRES X or CI7t AR5 HlE-2 Bl 4
A wth Zopct

B3 A& 9] PM, . 5 Z 0] 2 AHEo| tigt Z} o] & HJEHO %
AH)= NO;™ (7.417.1 pg/m’, 44.1%)>NH," (3.8+3.0 pg/
m’, 23.0%)>80,* (3.5£2.5 pg/m’, 21.1%)>Cl" (1.2£1.0 pg/
m’, 6.9%)>Na" (0.3+0.4 pg/m’, 1.7%)>K" (0.2+0.1 pg/m’,
1.4%)>Ca’ (0.2+0.1 pg/m’, 1.0%)>Mg"" (0.1+0.1 pg/m’,
0.9%) =22 T ARF} v & 27} oo 2E9] 8 Al
AE(NO; ", NH,', $O,7)°] & o]& AE2] 80% OAF2 A
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Fig. 5. The composition ratios of elemental components in PM, ; in
each sampling sites (B1, B5: Sihwa & Sihwa MTV; B2, B3: Banwol;
B4: Sihwa)

Sh= A0 2 RAREIH:

B4 A1F YA] NOy ©]290] 6.3+7.1 pg/m’, 43.4%=Z 7+
w2 HES HeloH, olojA & thE 27 oolE2E &4
9l SO, (3.7£2.6 pg/m?, 25.0%)>NH," (3.3+3.0 pg/m’,
22.3%)>Cl" (0.5+0.6 pg/m’, 3.8%)>Na" (0.3+0.4 pg/m’,
1.9%)>K" (0.240.1 pg/m’, 1.6%)>Mg*" (0.2£0.1 pg/m’,
1.1%)>Ca” (0.240.1 pg/m’, 1.0%) <=0 & F A=Ak

URAEIO 2 PM, 5 - ©]Z o] AA|Sh= HlEo] 99 Y

A-QHT} thA 22 2102 XAMEQE B5 A0 & o]l A
Hol gt 7 o] ZE-ES] 2AHE NO,™ (5.1+5.5 pg/m’,
38.8%)>50,% (3.6+2.5 pg/m’, 27.5%)>NH," (3.0+2.3 pg/
m?, 22.5%)>Cl" (0.7£0.7 pg/m’, 5.2%)>Na* (0.3+0.3 pg/
m’, 2.0%)>K" (0.2+0.2 pg/m?, 1.9%)>Mg* (0.240.1 pg/m’,

1.2%)>Ca> (0.1£0.1 pg/m’, 1.0%)=Z T2 AHEI} 34 #
o7} Ql= Ao & FAFEQITH

3. EBAHEEX EY

Fig. 4+= 57 A9 ©4 479 B 5= &t 7 A7
9] OC/EC ratioS Hol&t}

7§ RO B w20t F ©A AR w=o] gt 7+
BA AR 244 Bl A4 OC (7.5+3.2 pg/m’,
92.6%)>EC (0.6%0.3 pg/m’, 7.4%), B2 A4 OC (5.6+
2.6 pg/m’, 88.4%)>EC (0.7+0.4 pg/m’, 11.6%), B3 A|54of| A
OC (6.0+2.7 pg/m’, 91.3%)>EC (0.6+0.2 pg/m’, 8.7%), B4
Aol A OC (5.442.6 pg/m’, 89.8%)>EC (0.6+0.3 pg/m’,
10.2%), B5 A&oA OC (6.942.9 pg/m’, 93.0%)>EC (0.5
+0.2 pg/m’, 7.0%)2 ZAFEATE OC/EC ratio®] 75 B1 A
oA 12.8+3.2, B2 AollA 8.1£2.7, B3 A4 10.6+
2.8, B4 A4 9.242.6, BS AFNA 14.1+£3.32 FALE



g £AT nRPIAR F v
Z/JH|E Fig. 501 YEFHSITE
Bl A|FolA Zt n|FAAGEY Bt 559 T vFEL
Ai9] Fxo] tigt 7 vFdagdEe 24H= s (0.8+
0.5 pg/m’, 27.8%)>Si (0.6+0.6 pg/m’, 21.6%)>Fe (0.5+0.3 pg/
m’, 16.6%)>Al (0.3+0.5 pg/m®, 12.1%)>Zn (0.3+0.2 pg/
m’, 12.0%)>Cu (0.1£0.1 pg/m’, 3.0%)>Pb (0.1£0.1 pg/m’,
2.1%)>Mn (0.1£0.03 pg/m’, 2.0%)>Ti (0.02+0.01 pg/m?,
0.7%)>P (0.02£0.01 pg/m’, 0.6%)>Ba (0.01£0.01 pg/m®,
0.4%)>Cr (0.01£0.01 pg/m’, 0.4%)>As (0.01£0.01 pg/m’,
0.2%)>Ni (0.005+0.003 pg/m’, 0.2%)>Cd (0.003%0.01 ug/
m’, 0.1%)>Co (0.003+0.001 pg/m?, 0.1%)>V (0.002+0.001
pg/m?, 0.1%)>Sr (0.001+0.001 pg/m’, 0.1%)=Mo (0.001+
0.001 pg/m’, 0.1%)Z FAF= it

B2 AAHL& S (09405 ug/ms, 39.5%)>Si (0.5+0.7 ug/ms,
21.7%)>Al (0.4%0.6 pg/m®, 18.1%)>Fe (0.2+0.2 pg/m’,
11.4%)>Zn (0.1£0.1 pg/m?, 3.8%)>Cu (0.03+0.03 pg/m’,
1.2%)>Pb (0.02+0.02 pg/m’, 1.1%)>Ba (0.02+0.01 pg/m’,
09%)>Mn (0.02+0.01 pg/m?’, 0.8%)>Ti (0.01+0.01 pg/m?, 0.6%)>P
(0.01£0.01 pg/m> 0.6%)>As (0.005+0.006 pg/m°,
0.2%)>Cr (0.004+0.002 pg/m?®, 0.2%)>Cd (0.002+0.003
pg/m?, 0.1%)=Ni (0.002+0.001 pg/m’, 0.1%)>V (0.002
+0.001 pg/m’, 0.1%)>Co (0.001+0.001 pg/m’, 0.1%)=
Sr (0.001+0.001 pg/m®, 0.1%)=Mo (0.001+0.001 pg/m?,
0.1%)2 ZAFEI it

B3 A2 S (0.8+0.5 pg/m’, 36.4%)>Si (0.5+0.6 pg/m’,
23.4%)>A1 (0.4+0.5 pg/m’, 15.4%)>Fe (0.3+0.2 pg/m?,
12.5%)>Zn (0.1£0.1 pg/m’, 4.8%)>Cu (0.05£0.07 pg/m’,
2.2%)>Pb (0.03+0.02 pg/m?, 1.3%)>Mn (0.02+0.01 pg/m’,
1.0%)>P (0.02£0.01 pg/m’, 0.7%)>Ti (0.01£0.01 pg/m’,
0.6%)>Ba (0.01+0.01 pg/m’, 0.5%)>Cr (0.01+0.005 pg/m’,
0.3%)>As (0.005+0.006 pg/m’, 0.2%)>Ni (0.004+0.003
pg/m’, 0.2%)>Cd (0.002+0.003 pg/m’, 0.1%)>Co (0.002
+0.001 pg/m®, 0.1%)>Sr (0.002+0.001 pg/m®, 0.1%)=Mo
(0.002+0.001 pg/m?, 0.1%)=V (0.001£0.001 pg/m’, 0.1%)
%0 2 FAE I

B4 A139] - S (0.9+0.6 pg/m’, 41.8%)>Si (0.5+0.6 pg/m’,
21.0%)>Al (0.3£0.5 pg/m?, 15.9%)>Fe (0.2+0.1 pg/m’,
10.9%)>Zn (0.1£0.1 pg/m®, 4.2%)>Pb (0.03£0.02 pg/m’,
1.3%)>Cu (0.03+0.03 pg/m’, 1.3%)>Mn (0.02+0.01 pg/m’,
0.9%)>Ba (0.02+0.01 pg/m?, 0.7%)>Ti (0.01+0.01 pg/m®,

0.6%)>P (0.01£0.01 pg/m®, 0.6%)>As (0.01£0.01 pg/m?,
0.2%)>Cr (0.004+0.002 pg/m’, 0.2%)>Ni (0.002+0.002
ug/m’, 0.1%)>Cd (0.002+0.002 pg/m’, 0.1%)>V (0.002
+0.001 pg/m’, 0.1%)=Mo (0.001+0.001 pg/m?, 0.1%)=
Sr (0.001£0.001 pg/m?, 0.1%)>Co (0.00140.001 pg/m?,
0.1%)% A9 A-ETH FARE 235 HSirh

B5 ¥ v|FUh ¥L9] A7|7F S (0.9£0.6 pg/m’,
31.7%)>Fe (0.7+0.4 pg/m’, 23.5%)>Si (0.5+0.6 pg/m’,
17.3%)>A1 (0.4+0.5 pg/m’, 14.0%)>Zn (0.1+0.1 pg/m’,
4.4%)>Mn (0.1+0.1 pg/m?, 3.2%)>Pb (0.03+0.04 pg/m’,
1.1%)>Cu (0.03+0.03 pg/m’, 1.1%)>Cr (0.03£0.03 pg/m’,
0.9%)>Ti (0.0240.01 pg/m?, 0.7%)>Ni (0.02+0.02 pg/
m’, 0.6%)>P (0.02£0.01 pg/m®, 0.6%)>Ba (0.01£0.01 pg/
m’, 0.4%)>As (0.01£0.01 pg/m?®, 0.2%)>Cd (0.004+0.01
ng/m’, 0.1%)>Co (0.004+0.002 pg/m’, 0.1%)>Mo (0.003
+0.005 pg/m®, 0.1%)>V (0.002+0.001 pg/m®, 0.1%)>Sr
(0.001£0.001 pg/m?, 0.1%)%=0 & FAF= it
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S Ak &9 AU sk H7] @AY
54L& PM, 9] & S7IE, A=A d71e AR
2014~201849] PM,;/PM,, &=H|= 37Fot= A
YL ek PM, 59] 739 Aol gt 87t PM e 2 A
o= gEA Qof® PM,; =&F} T4 sFeHdEo] it T
7} AlF%t Agoltk PM, 9] A9 ot falststER(E
&, o], ©a)et Agtsto] 11 2AJof whek 7 g el #ol
7} Q)71 Wi Zoll 714 e] ApPo A ©es] Fegt ofyt
/3735l thgk A&52Q1 HYEES B3l =W PM, 5 Ad=oll
gk glofEHjo] A7} L& Eojof & o= wEh 9] tf
Fo] edEdo] HiEE = AHgHA] A99] ¢ ohE gyt A
Aof| s} PM, 5 & MR 57t £ 2o = waEch
ojof] & A= QHib-AIZAYo] AT H7HAATA] QI
PM, ;9] 31514 & E4S golotal AHAAIE E4E PM, 5
it ZAL] HiRt 7|2 A R Al IR AgE ] dgke
2 QR AIZAYG9] PM, 5 F o], B, YR 2971 7
5O T B2 E4S RAI o, 7 i) gt sk E
LS AN 2 FF AFATA] A 9o] 8 wj&He| A
off et} PM, s AHAE Hot=H Qo] 7|24 A=E Al
S0t A Y= Qe

AF71ZE &Rt Q- Al SR 9] Hdt PM, s AF 5T
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27.84165 pg/m’E U QYA 71F5=15 pg/md)= 23
St o Yt 712 EE(35 pg/md) BT 0 AR RA
Eouck 2 A9 2aE ZHA GO Y PM, 5 wE2} B w5
H 2014~2015W A=A PM, s Bt 55E 42.6+23.3 g/
m’ 2 JeRgom ¥ 2013~20144 A A] PM, s B H=
L 36.4%23.0 pg/m’E ZAFEQLoH P mAX o B
Slal E G roA] BEE % HT) =9kth £ o]L X tj
3 7iE o] A&l 4 HEE ARttt Hristo] oAl A
Ao Ate} B AdTA| oA S75 o] Fae} vl wokoith
B Aol oAl AH % 23} ofoj2F AJE<R] N0y, SO,
NH, 7} 80% ©]/d?l AL & RAE|GoH, o]= AFAHA] W
olA SO,, NOx, NH;2] AHAQI Hj&o] PM, ;9] 22} ofoj=
Z A8 Aol wol 7]oiskal Q7] wE]l Ao ek
323 oAl A BEO|A NO, /50,7 9] A sr|7t 18}
=7 ZAbE 9HE Park et al. (2019)79] LA Ag-3}etatt
QoA HE NO; /50,7 9] AeFskrl= 18} 24 Ut
Wtk NO; 9F SO,7 9] WAL Age] thEy] wfo] Uukz
02 ol 5eAYI 1P FUS FEoH= ARE AFkH]|
(NO; /80,7)7F AH&-HLh™ AaAlelE2 F2 2Hgat A=S
Aot 7H&ERo] Eol ShRE0] 9, 2 F2 AR T
2ol E3-=l0] 9lo] NO, /80, A a7t 11t 2 39
0|5 AU 7|7k, 18} A2 ¢ 1P B YL 7197t £
Mgt AoZ TAe £ QIrk Z, QhAb- AT A ARIEA] Y
PM, ;9] o] Ao Tl 7]of= o 5 A U] 707}, &AM
A 338F8Ha T QI PM, 9] o] A&l gt 7o 1529
9] 7107} o & A0 2 W, ofof w2 A7} ol i)
o] Q3% 7o & AlgHrh Bl AFoAY CI'= F ol 8=
9 11.7%=2 oA XA F 7S w2 HIEE A el
A2 SRS Na' 9} 9] PO 2 YA 9lom P Q19
HAgQlo 2 Hlo] QUi A A X HY|E 470 2 AEA
ATk RS T oA 2 2 viekel QI Qo] sY
o] ggFo| HA] kS Ao 2 W= Bl A F 9] CI H]E&0]
7P A UERd AL 191E Y] dFE w2 Ho=
A et

OC+= Yy o 2 A= oA 23 &= A VOCs
4 PAHs &2 313& 9 12} AAooj2E0] 0, 5 &2
ARSEA|9te] F-5tek4 vhg-& Boll 23k 7-7]€k A (Secondary
Organic Carbon, SOC)Z ¥Z=|H k) dhgo] o R
9] EC= 314 =9t Hlo| @A AAE Fof AT HolA
A4 WiEEE 13 2FE™o|tt?® ol EA4d 23] oc/
EC ratio”} 2.5 o] o sOCY| 7|07} & AL = dHASL
o} Park et al. 2007)72 oS 2 ALH FFAF2| PM,
T B AR 59 e EAGES AR e 1 At 3
FA)9 9] A3+ OC/EC ratio= 1540 1.5~4.2 (Fat 2.4),
ALHo| 1.7~6.0 (B 3.20)8 £ AT ARt A ZAHE]

https://doi.org/10.5668/JEHS.2022.48.2.66

. Jung et al. (2009V& Z=H1} 429 PM,; & B4 A
< FAsto] Hlwstglom A4 A-1717H2005~2007) &
o] -3} &A1 92| OC/EC ratiox 22} 3.0, 392 F A
TEHCE s0Ce] 71997} =A UEsTth & AtolA
OC/EC ratio= ZH1= 8.15€ | 14.17k4] TEE o] PM, .
T ©a AEY Be 13 TAYE 23 W39 7107} ¢
£ Ao g goHr,

PM, s & HIFHAGEC] Ao vl &4 LA, o]
S %5 Cr, Cd, Pb, As 5 2 S5 28452 2 42
= Ao et TS Lo 5 oP? PV, F B
EZ npofstojof gty JEEY HES ot 24 4
Hof Ao LS 733l & & 3ol T nFEad=ol et
e fagdwte] 44 vle2 Attt Brkste] 24HE vl
Shitt Bl A1) A5 A=l A4rt =8 AU soF 2|7t
719 R0 g A4#A i, Fe, Alo] TjRE] vl 2A|5+
om, Zno] F H|FPa/dEo] 7]ofst= Frrt thE AHE
H3l| 455] w2 222 FAE] W& 47 22 Q9]
A o] Y& W 7Hs/do] Qe A& weETh B2
Ax9] 3% Bl AR v 2 AR A4R QIgE soF A7t
719 JEo g2 4¥A Si, Al, Fe7l 50% oo g Wo BE
= AAoh= A0 2 RAMESQIH ol U gFe=4 Hi& - o]
5% A E(Pollutant release and transfer register, PRTR)O]| &
20194 71& AlSArdEA] 2 AISIMTV (B1, B4, BS)Y] #i&
o 24} A3} Zn (3,259 kg/W)>Al (2,813 kg/')>Ni (752 kg/
)>Cu (718 kg/F)>Cr (334 kg/d)>Co (327 kg/d)>Ba (249
kg/H)>Pb (93 kg/H)et RHAAFATR| (B2, B3] &= =
A At Al (21,410 kg/d)>Cu (5,498 kg/Wd)>Ni (2,817 kg/
W)>Zn (2,347 kg/d)>Pb (554 kg/d)>Cr (491 kg/d)<t LA

M ¥

2

19
rlo

>l

A UreRdeh Fels EQFT} 2 Aol WAl o8k
QALY B qio) ZAA0] A QTS
u AT 2 Q191 AN YIAE Ao Are

q_.34)
B A3E ARATA] 1 oAl AHS AAste] PM, s AR
AHE ST T BE 4 9 SFHE vE S 57K

AT & 7HA] AFHe] Qieh AA, vAHAlE 714 2200
el 7] FolA =%, 3, A7 = 53] A2Eez HA
Siel ARt FEyEes S5 d7ledEdo] AMEZS B
AL oot mAHA] A A4S 4oy B Aol 1L
2ohA] ZolAt EA4, g dadE sl ndet ddeE &
ZEo] 3lo] PM, T 24T A S5 A8 st g
B7hE 5 ok 2y 2 de SAEAE S E S
& S5t PM, ;s AF 718 BAF B AR
o] HAHAI7} sl 71Ztolle 2 AHE F 23] 45t
S 539719 AlRE EA3I7] miiol AFAEA] I A[H9
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PM,.9] B BEE 27.8 ug/m’E FUY B 71E 5=
(15 pg/m’)= 2o ¥+t 71E5E(35 ug/m)= =
FskA] gkoret v oAl A1 BE s HA 7)ol
100 pg/m’E X=E Fer/t FZEG o o] QM- A1EX
Aol A% EA ALd Wek AU 9] FF-& TA vt
o} o|¢} 7+ AILE HYS Ao 2 wrtEch

PM,; 3 SFSHIE-2 T4l A1 TR0 A o] AJEo] A
A7Fo] oF 50%S AHAISHL U= A2 RAME QI OH, NO;,
NH,", SO 7} & o]& A& F °F 80%= A5kl Y= Ao
2 AEGICE E3L o] 5 AU T AYE FESH= A
B AFEEHI(NO;/S0,5)7F 15T =4 RAFEIQIL 5, <t
AL Al EA| 0] PM, ; SR 5 o] & B2 ZHEA} 7|7}
20} k2 0] 59| o] F A= wetETh

QRAE-AIZAE W BhA RS Al A BERolA OC A+
o] 9F 90%E AFA|BIAL Q= AL 2 YERstT: oo mE oc/
EC ratio= A= 8.15%E o 14.12 A= CH, B |
o] AYPALe} st 2 fFEOZ FAEQLE F, ¢t
Ak AlGA Aol A T SH= PM, 5 5 T4 AR G- S-S
< B8 soCce] JaFo| & Ao = wekEHch

HRF AN A o A BF FFHOE S, S, Al
Fe =7} 71 B4 AT F vUAdEo] 7ok
UAa/gE2] v]€o] Bl AH9 H¢ Zn, B2 A9 HF Alo]
A53] A ZAEILE ol 20194 7]& 2 3leHEA wHj
Z - ol5F JE}F Aot BS A9 H§- Feol H]go] T}
£ o] vlsf Y55] A YERten ol= & 9] 47
o] AR AYS 1T uf FArdat 22 1914 WYY
olA] 7]Q1gE Ao 2 Al ETh

2 A= AR F7HEAER 9] E4o] T
PM,; % 0|2, 4, AR YRS B4 42
OFAL- A1 BA|Y Y HjE&Y Biof| 2 0F5ET} &
gt RS FEIE Aof| 997t Stk o] § HIFO 2 QAL A
T A9 AdA] W 2rg At 9l QI FR19] AETE 95t
AR 8w & L] AlojRtt PM, s AT S=7o] &
8% 710 & wetEr, ohofst i s A 9] vij& Yo ot
ATAEE SHSHL PM, s 529 SFET ofl e}, A& S
o] A7t "ast Aoz Helth
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