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Estimation of Heavy Metal Contamination by PM;o Inflow Pathways
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Abstract

The purpose of this study is to investigate the relationship of fine dust PM,( and heavy metals in PM, in Asian dust flowing
into Gwangju from 2013 to 2018. The migration pathways of Asian dust was analyzed by backward trajectory analysis using
HYSPLIT (Hybrid Single Particle Lagrangian Integrated Trajectory) model, and the change of heavy metal concentration and
heavy metal content per 1 pg/m’® of fine dust PM;o in Gwangju area were analyzed. Also, the characteristics of the heavy
metals were analyzed using the correlation between the heavy metals in PM,. As a result of analyzing Asian dust entering the
Gwangju region for 6 years, the average concentration of PM;o measured in Asian dust was 148 pg/m’, which was about 4.5
times higher than in non-Asian dust, 33 pg/m’. A total of 13 Asian dust flowed into the Gwangju during 6 years, and high
concentration of PM10 and heavy metals in that were analyzed in the C path flowing through the Gobi/Loess Plateau-Korean
Peninsula. As a result of the correlation analysis, in case of Asian dust, there was a high correlation between soil components
in heavy metals, so Asian dust seems to have a large external inflow. On the other hand, in case of non-Asian dust, the
correlation between find dust PM,, and artificial heavy metal components was high, indicating that the influence of industrial
activities in Gwangju area was high.
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o, BEfEgS Ak EnR7iA] GRS miA|aL
QItH(Zhou et al., 2006; Park, 2008; Kim et al., 2012;
Jeong et al., 2014). A= HA|HFO] Ao g =
712 AAZ V7 IHWMO)7F 3 B3] o3t 1
o pEaG oLy, B TEAHPM ) S et
o g sE A
HAIHA|(PMio) 527} 300 pg/m’ o1 A] 715 o]
=A7 slo] 3} x| Bhgslol o 2 B} ofHE b}
AL, 300 pg/m’® 1Rk uj ShsAke), A4 SEF S
Z 3lo] Wl 7|2 o5 AR FRolu} SIARIRIR| HLAHﬂO]
S 713 PRI AR 2] DAIAPM) S}
400 g/’ TRES: RS FA], 400 ~ 800 pg/m’S: L
A, 800 g’ OWFS: ulg Ve P et
(Hong and Hong, 2016).
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tK(Seo et al., 2015; Kang et al., 2018). o]&f3t LS
= QUAel| fait ke mAH, vl fEe
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S HYSPLIT %12 o]8:510] 7Z2Aj2} Ak 2ol &
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Fig. 1. Origins of Asian dust and sampling site in Gwangju in this study (a)Geonguk, (b) Nongsung.

Table 1. Summary of sampling and analytical methods

Classification Measuring equipment

Methods Chemical components

Flow : 68.0 m’h

Filter(d) : 150 mm

PMio
(sampling time : day)

Flow accuracy : = 1.0%

Method : -ray
Flow : 16.7 L/min
sampling time : 1 hour

PM
(sampling time : hour)

Gas : liquid Argon
Flow : Plasma 10 L/min

Sampling High volume air sampler (MCZ)
PM-10 analyzer
(BAM-1020)

Analysis

Inductively coupled plasma
(Optima 4300, Perkinelmer)

Auxiliary 0.2 L/min

Nebulizer 0.55 L/min Pb, Cd, Cr, Cu, Mn, Fe, Ni,

As, Be, Al, Ca, Mg

RF power : 1400 W

Sample flow rate 1.5 mL/min
Flush time : 8 sec

AR IS 71 I | o S oflof= o
o 25 Foto] SIS AT = A rdsto]
BFAY ZAIZIS78Y 1A Bt mAHA] =7t
200 pg/m’ o4} SHYAIEE ARANFHE Aldsto] A
FTRAA AlRAF] SI3IT: BIgARAR= 2013~2018'A
e EA e 244 5L Eet AR AfFste] 2
Aok 715 a5354Y 578 A=E 2-85ielch

Table 1-& ¢I7Lo]] AFE5] 4| @ HAulHS Lehy
ek AEAYFE FEEe 68.0 m/h 19 B ARAHE
3lgom, oIx]= Quartz Microfibre Filter(QFH150,
ALBET, Germany)©|c}. A|E33& ojA = AL 4 &

48A1ZE ol HXAleIE = FRkelien, WA
(AUW220D, Simadzu, Japan)2 53t FAIE 24310
AL, RS SR A PM F=5 ARESISITh
Ty A IRt A W OE PM AR A5
F W] 14 53 e} Aol o]galgion], 103
M 24k 223 M gAke] E3toN(1:1) 30 mLE 7}5}o]
90 ~ 100CE 2A7F 5ot 25Tk 525 3 oJ2A|(5A)
£ olgslo] ofHste], 2E Ak 100 mLE FHEQITh
AReE Ame| 234 B2 [CP(OPTIMA 4300,
PerkinElmer, USA)E ©]83}%11, Pb, Cd, Cr, Cu,
Mn, Fe, Ni, As, Be, Al, Ca, Mg2] 1277 &&-2 B4
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Table 2. Quality control of measuring equipment
ltem MDL (mg/L) MQL (mg/L) R Precision Accuracy

Standard Test Standard Test (%) (%)

Pd 0.032 0.004 0.100 0.014 0.9999 1.7 98.1
Cd 0.005 0.001 0.008 0.004 0.9996 1.0 100.6
Cr 0.012 0.001 0.020 0.004 0.9997 0.7 106.1
Cu 0.010 0.002 0.040 0.005 0.9999 0.7 115.4
Ni 0.014 0.001 0.040 0.004 0.9996 1.0 105.9
As 0.025 0.002 0.020 0.005 0.9999 3.7 110.0
Be 0.002 0.001 0.020 0.004 0.9999 1.2 99.1
Mn - 0.000 - 0.000 0.9999 1.0 108.4
Fe 0.034 0.003 0.100 0.010 0.9999 0.6 109.1
Al - 0.005 - 0.017 0.9999 1.1 117.6
Ca - 0.002 - 0.008 0.9998 1.8 121.4
Mg - 0.005 - 0.015 0.9999 0.7 108.4

Precision + 25% within, Accuracy 75 ~ 125% within

shiet glom, 7t 4R s sl walkol Bals)

ARFG wAIHR|(PM, ) s 5782 Aks vIAH
A BEAZH)(BAM-1020, MetOne Instrument, USA)
£ gttt ] B HRUASE QYA 52 o
&2 07 defof fFste] 223 viAA] A=tel] vt
e EIS 1) Saehe APIE 2ol ate] 2

=g 2ok o]k

2.3, Mg

7] & S5 Al tiste] B2, AR &
= 2RIsk] flstod, Frete]E A Table 2=
AL AThE LeRgich o] @ AR A1 2ES
01700.2)°]| wf2} ZA = (Precision), A& =(Accuracy),
HHHAESHA(MDL, Method Detection Limit), 3t
A(MQL, Minimum Quantitation Limit)o]] tjglo] =
ALS Blglom, A Y 2ol ko] 1= Sick of
7] & Fess ol theto] A== 0.6 ~ 3.7%, 78t
T 981 ~ 121.4%% Uehton, WhASsA =
0.000 ~ 0.005 mg/L, =8EA 0.000 ~ 0.017 mg/LE

= ol 71 o2 Uehck

2.4, XEEN

1 Aol BT S RS Ao, B,
FEAEAL 2agh il 59 Ve AR AES)
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AL S2UE PMy2] ol5ARE Tjelsh] Sstod
RS St SE AL B Sl o]
=+ 3foff7]4 NOAA/ARL (National Oceanic and
Atmospheric Administration/Air Research Lab)oj|4]
7 HYSPLIT (Hybrid Single Particle Lagrangian
Integrated Trajectory) @S- o]-83}%ict. HYSPLIT
wEe S| gfslol ZARESL ATE, AAd
7R = NOAA/ARLOIA Alg3l= GDAS (Global
Data Assimilation System) S 2 & X5}t (Song
et al., 2017). FFA|Hol| Gk v|R = AR a1teo]
ofsiol i A1 Sasiict
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3.1, EAL LAl SEEE
3.1.1. PMyo
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559} 7t 02 o8] HrJEtKim and Lee,
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Table 3. Summary of Asian dust occurrence in Gwangju area
Year No. Date Site Se?mp ling WS .PMIO PMm*(b’-ray, ug/m3)
timeth)  (m/s)  (Weight, yg/m)  MeantSD ~ Max(h)  Min(h)
2013 1 3.19-3.20 2(G, N) 18 2.4 180 153+£52 249 68
1 3.18-3.19 2(G,N) 24 1.4 145 175+65 401 117
2014 2 5.27-5.28 2(G,N) 24 34 163 197+38 270 136
1 2.22-2.23 2(G,N) 24 2.1 241 284+123 529 126
2015 2 3.01-3.02 2(G,N) 18 1.4 136 173£82 342 80
3 3.21-3.22 1(G) 24 24 173 194+£57 274 78
1 4.09-4.10 2(G,N) 24 1.1 124 142+27 209 102
2016 2 4.23-4.25 2(G, N) 48 1.6 131 151£52 307 82
3 5.07-5.08 2(G,N) 24 1.8 160 171£155 550 28
1 4.18-4.19 2(G,N) 24 1.6 108 118+45 207 43
2017 2 5.06-5.08 2(G,N) 72 1.5 164 169+65 293 50
4.06-4.07 2(G, N) 24 2.6 71 85459 246 1
2018 2 11.28-11.30 2(G,N) 48 1.1 120 129+66 313 49
* Geonguk & Nongsung station
2010). Table 32 AR ARAYF 200 SH =S =

LERRSL e, AL 7I7F 5 AR 20139 19(13]),
20149 294(23]), 20159 3Y(33)), 2016 493
3]), 2017 4(23]), 2018 3Y(23]) & 17Y(133))
= AFskick

FA 270 ARollA AlmAFHE RIFst e, Al
T Q= 18 ~ T2AKE Xgslie). A17]171e1 2013
S| 2018E71A] BARA] At e 87 571 Al
245 el o8l A E w=E UERfaL glem,
PM;09] BiFs e 148 ng/m’ 02, HISFARA] PM,02]
Hat 591 33 pg/m’ Kok of Sufjef] Pt

Aol 2] FAR= 2015 24 L+ Zho] 240
pg/m’o® 7P A yepton, 20139 39 180
ug/m’, 20154 39 173 pg/m’ =02 VERit) A4
AREO R = 2017 Soll= 724K 20161 4oll=
48R 0= AR A1EE Lo, ofufo] et <
T 1.5 m/s9} 1.6 m/s2 BAFA] 57 ot 491 1.8
m/sof| B|sf W SE&S Uehfo] 7 5 AT 214
=|dck ESH 20182 119 AP} RAYE|Ql 0, o]
785 A AR O] Ao HdH A2 Tkl &
APEIA] R A GollA] = Dol A= Ao] At
%] It Kim and Oh, 2018).

B

SPARA] PM g -5-t=0]] Tzt A7l HE et 9
ofslr] ffste] FFAIY =AINZ IS =E, 5
§)2] AR AF557(B-ray) AL o185t F
Ao -4 ARPET e FPAk= 20161 5U(550
ug/m?), 2015 29529 pg/m®), 20149 3Y(401
pg/m’)=0 R AZET 71400 pg/m’ OPFOR =
A=A

312 334

Table 4= ZH A FFAG 7] 5 555 5= &
A5t Avfolct. FA] 61d7F - Pb 0.0342 pg/m’,
Cd 0.0002 pg/m?, Cr 0.0032 pg/m’, Cu 0.0128 pg/m’,
Mn 0.0898 pg/m’, Fe 2.8072 ug/m’, Ni 0.0032
pg/m’, As 0.0024 pg/m’, Al2.1837 pg/m’, Ca 3.0544
ug/m’, Mg 1.4056 pg/m’ otk 6 BH-S 7|1520=
SPARAZE HIHARALO]) H]SH M, Fe, Al, Ca, Mg9] &%=
L 7}7}+7.64H, 8.94), 1814, 8.4u, 11.18}2 Z7}513)
o} EQE 1911 L HO® & 4= Qli=Pb, Cd, Cr, Cu,
Ni, As®] Z-folle 6\t Hals vlue o, 2.74,
1.54l], 4.24], 2.3u}, 3.74], 1.68]=2 71519k Q1914
2l 29U A ol S7H=Slen, CdY H9oll= 5
7 AN 2A| F7Ieke e eI o5
Sl AR PA) HIR] O] B R tEo] Q19fR]
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Fig. 2. Comparison of soil and artificial source in heavy metal during Asian dust period.

219149l £ Pb, Cd, Cr, Cu, Ni, As= 1535}
31, EOFAJER] Mn, Fe, Al, Ca, Mgz 1235} Fig. 2
2 YeRcH(Jeon et al., 2005; Kim et al., 2010; Kang
et al.,, 2018). 2013 3€2] TAR= 219JZQl Qo]
0.1699 pgm’=2 7P EA JERon, EQPRL
8.2083 pg/m*% T2 kAol ul3]| WA LreRdTE 2015
9298 91912191 ©.491210.0370 pg/m’ = WA Lye}
O EQRJEL 19.8051 pg/m’ OF THE Sl v
3 7P =A VEstTh 20189 49| Z-9oll= 21914
9l ©4912 0.0177 pg/m’, ESAGEL3.9018 pg/m’
2 thE SAlol] visl HA| 2 o2 WA Uehith SARA
= HIZARA O] H]3f QI91AQ1 @A 0.8~7.98 F7}
silom, EQHIEe] 4-5-4.2~21. 14 715k

B A LoAs 67t Fe, Al, Ca®l & 2.8072
pg/m’, 2.1837 pg/m’, 3.0554 pg/m’o=2 UFeERGA,
Choi et al.(2003)2] Aol A= SHAFA] Fe, Al Cad] 5
T=3.960 pg/m’, 1.523 pg/m’, 3.916 pg/m’= SA¢
SHA| Lo, SAF iAo BEwEe] 24 F
7S & ASITE S AR} B FE T
= vk A Q1911 oA WAsh= s

=

(Pb, Cu, Cr “5) FARY vgARA o= 2fo]7} =4] oF
UARE EFd(Fe, Al, Ca, Mg) & ZAFTBA 4
2oz 2jo|7} AA UepdS Hof & AR} FARE
£ H At} 3FR| Choi et al.(2003)2] dA-tolA o] =4
H 2= 19 5 547Kl ek Hg i E TRt
o2 FE3] Sl HIRARS] EYAE M,
Fe, Al, Ca, Mg2] =7} &2 ¢d7Loj u)afl 28} oAt =A
U

3.2.1. PMyo

ZAZRE Y BA ol F 135]9] AL igst
AL, ol thet -4 A=E EASIIC elet 97
2 24 Sfel] @Al ol BEE PMy, =7t 7Y
=9 AR 7102 A BAfe AAsklct

Fig. 322013 ~ 2018 W%=74] 67 451 o] &
U AL FRUARE BARE Axjolct FEA|0
U e A2 FA 37HRIE TS, (A) aH)
Ure=-eivi esike)-ghke 732 7 gekew,
(B) AR/ gE-T5- 25 REe-ghte = 33, (C) )/
SFEU-FHEE 352 vehhth tighl=e] fUE =
W Akl thsliA] 4097H1965 ~ 2004) 2413 A=
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Table 4. Asian dust of heavy metal concentrations in Gwangju

(Unit : yg/m)
Artificial source (Mean+SD) Soil source (Mean+SD)

Year Date
Pb Cd Cr Cu Ni As Mn Fe Al Ca Mg
0.1151 0.0426  0.0024 0.0099  0.0900 2.1049 15942 2.7945 1.6248
2013319320 00066 NP NP 00110 £0.0030 £0.0023 00134 02903 £0.1660 £0.4161 +0.3438
31839 00563 00006 00012 00128 00053 00050 00886 40925 19063 12796 13570
14 071400013 £0.0001 £0.0005 +0.0042 +£0.0004 +0.0007 =0.0066 =+0.3849 0.0376 +0.1271 =0.0489
527508 0018 0 00068 00184 00062 o 01108 41273 25317 65413 22658
IS 10,0003 20,0008 +0.0013 +0.0006 1200006 £0.2931 +0.3188 +£1.2256 +0.3046
9093 00150 0 00084 00081 00055 o 00981 64310 58930 43430 29400
+0.0021 40.0002  +0.0023 +0.0000 40,0018 +0.2022 +0.0976 +0.2051 =+0.0523
2015 130y 00201 o 00044 00039 00024 00015 01028 25860 31805 1.6630 13300
PR 400013 1200003 £0.0047 £0.0003 +0.0021 +0.0063 +0.1980 +0.2920 +0.2333 +0.1287
321-322 00796 N.D. 00033 00103 00026 0.0054 00573 1.8690 1.0220 13970 0.6370
0.0226 0.0042 0.0442  0.8966 0.8535 1.8752 0.5363
409410 o133 NP NDo 005 NP NDo 00051 200730 £0.0969 £0.0516 £0.0397
0.0134 0.0020  0.0063 0.0008  0.0798 15558 1.3457 1.8301 0.7603
2016 423425 00033 NP 100005 00031 NP 100009 400118 £0.1572 £0.0906 £0.1169 +0.0561
07508 00082 o 00021 00037 0.0020 00030 00925 20455 19296 3.2995 12490
SRR 10,0019 20,0000 £0.0015 +0.0002 +0.0035 +0.0047 +0.0807 +0.1210 +0.3180 +0.1359
algaqo 00149 00003 00038 00068 0.0042 00005 0.0741 29359 23660 3.8327 10338
2017 O 400055 £0.0004 +0.0006 +0.0015 +0.0015 +0.0007 +0.0132 +0.0373 +0.2164 +0.4972 +0.0284
06503 00236 00016 00055 00132 00074 00021 0.1114 45006 3.1031 53187 24220
TR 40,0104 £0.0007 £0.0020  £0.0056 +£0.0030 +0.0014 +0.0218 +£0.8929 +0.4571 +1.3324 +0.6635
0.0022 0.0155 0.0284  0.8566 09741 13310 0.7117
s 406407 o030 NP NDo o9 NP NDo 00003 05846 £0.0711 £0.0095 £0.0229
1128113 00225 00039 00211 00035 00030 00892 24926 1.6883 42142 14056
0 +0.0074 00011 £0.0095 £0.0009 +0.0022 +0.0217 +0.6034 +0.3690 £1.6548 +0.3512
AD 0.0342  0.0002 0.0032 0.0128 0.0032 0.0024 0.0898 2.8072 2.1837 3.0554 1.4056
£0.0296 +0.0003 +0.0034 +0.0034 +0.0035 =0.0022 +0.0927 +2.9460 +2.2495 +3.3759 +1.5130
NomAD 0.0129 0.0001 0.0008 0.0055 0.0009 00015 0.0119 03167 0.1207 03627 0.1270
+0.0144 +0.0004 0.0011 +0.0061 +0.0014 +0.0024 +0.0105 +0.2381 =+0.1273 +0.3441 =+0.0968
571 AR EEgon, (A) AR 51.1%, (B) A2 ARHEES 71E7} vlust 27 CHRE 175 pg/m’, A
14.8%, (C) B2 20.5%2 UERt F5A190] 0l 3 = 157 pg/m’, BAR 149 pg/m’ =02 Yepyton,

Alo} vg=gt ko] LERQITKPark et al. 2013; MOE

2017).
Table St 98] 2412 Fato] FA] fUAE

Rt PMyo gt dafouf. g5 S 71 e
=0

o]71 C7Z oA PMyo ‘= 165 pg/m’ 2 713+ &9
), B 48X 149 pg/m’, AZE 139ug/m’2 o8

Epdte.

BFA PP A SRS, 5D

f

w

=
}o

Bt

HISIAIA] 6\ B0 & 41 pg/m’ &2 eI
322 &34

Fig. 4= BAPA] Z20] e QI e d it B
/32l el Hlastsict. C7 2ol PMio i} v A &=
ALNA L AT} EF o] 7HE A vEhter, B
BE, AZE o= LR CH=E Q191Fl o
2 B 0.0869 pg/m’ = HISFARAof| vE] 4.08) Z7}5}
gom, EQRJEL 12,6344 ng/m’s HISAIAo] B3|
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Fig. 3. The backward trajectory analysis of 3-type of Asian dust from 2013 to 2018. (A) Gobi/Inner Mongolia-Bohai
bay(Liaodong Peninsula)-Korean Peninsula, (B) Gobi/Inner Mongolia-Manchuria-Liaodong Peninsula-Korean
Peninsula and (C) Gobi/Loess Plateau-Korean Peninsula.

13.49) Z71819L] Q1913 2 9Ue BHR 2.69), A B7Rof| A= EAJZ 02 Ni, Cdo] The gAjo] H|s|]
AZ 2,082 7o, ERE-S B 12.24), =7 vER=t, o= T 3REE] Hgle] e *PﬂL
AZRE 7982 27510 S ARA] ggkor, F=-& 2t %LHQ WEA 9GS

Table 6 T4 59 AZH Y] 5 Fas A AR sk 1P ol BACHE EasheA £9)
Tolck 34 7 9] el (AR BAR A% El 208 BolAlth PM,eo] vt BARN} 8 A
So2 Uehdek CHRO L MBIl HIF AI253 AR B4 sk ke flolo Rl mapiio) g
ull, Mg 15.74}, Fe 11.68l, Mn 10.61],, Ca 10.48] =S 0] RG] APk 9] EOH’} JTH[APER| A 21 WSt
S UEREOM, Cr 5.44), Ni, Cu 4.48), Pb 4.08), As o] o E3k= BHAJ= Si A¥o] Wo| ghoslo] the 2
2.9t Z7ktAck SR u]Fo] MEHXLEEM F4: o] Zof

Table 5. Comparison of PM,, concentration by Asian dust pathway

(unit : yg/m’)
PM;(Weight) PM,(pB-ray)
Type Mean+SD Max(d) Min(d) Mean+SD Max(h) Min(h)
A-AD 140+32 177 68 157481 550 28
B-AD 139436 210 103 149460 401 43
C-AD 165+58 247 93 175107 529 30

Non-AD 33418 179 4 41+29 550 1
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Table 6. Heavy metal concentration by Asian dust pathways

(Unit : yg/m)
Source Heavy A-AD B-AD C-AD Non-AD
metal Mean + SD Mean + SD Mean + SD Mean + SD

Pb 0.0283+0.0220 0.0316+0.0171 0.0509+0.0445 0.0129+£0.0144
Cd N.D. 0.0008+0.0008 N.D. 0.0001+0.0004
Cr 0.0026+0.0023 0.0035+0.0023 0.0041+0.0032 0.0008+0.0011
Artificial Cu 0.0089+0.0085 0.0109+0.0051 0.0239+0.0152 0.0055+0.0061
Ni 0.0019+0.0022 0.0056+0.0027 0.0038+0.0018 0.0009+0.0014
As 0.0015+0.0019 0.0025+0.0019 0.0043+0.0042 0.0015+0.0024

Be N.D. N.D. N.D.
Mn 0.0737+0.0291 0.0914+0.0235 0.125740.0525 0.0119+£0.0105
Fe 1.9910+1.0723 3.8430+0.9315 3.6762+1.9360 0.3167+0.2381
Soil Al 1.6910+0.8264 2.4585+0.6279 3.0585+1.9775 0.1207+0.1273
Ca 2.5624+1.7636 3.4770£1.9429 3.7839+1.2907 0.3627+0.3441
Mg 1.0700+0.5728 1.6043+0.8110 1.9901+0.7327 0.1270+0.0968

E= Aog AL, Park et al.(2013)2] AFoA=
o] wo] T AptollA] welet je] A Si
Kz2o] o] Takelo] AfHoR the S Hlgol
Folrk A7} $ARH YRl

0.18 14.0

0.16 = Artificial source
Soil source r120

0.14

0.12
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Soil source (ug/m’)

0.04

r20
0.02 .
0.00 T T 0.0

— —
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Asian dust type

Fig. 4. Comparison of soil and artificial components in
heavy metal by Asian dust pathways.
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A AL, EQE-S SV o 4= QA3 314
Tk SapA| ol vlAEA] felsFe] 4.58) Ak STl
w2} AR FEe AR LAY ERYE B
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Table 7->PM; Holl 7 Fa52] s
o] Z=4 vlaste] Yepfoict. 191491 e Ade 7
© AZZ 0.30%, BAZ 0.40% CZHZ 0.47%, HI3A};
A 0.66%= LFERITE 243821 Pbo] 739 HISARA|
0.39%, C7AE 0.28%, BAR 0.23%, AAZ 0.20%, <
o2 LERon, Cul] ASx BIZAIA] 0.17%, CHZ
0.13%, BZR 0.08%, AZZ 0.06% <=0 LeRdt}].
BEA| Aol 5% Ak 73$- vISARAof] H]E] Pb, Cu
o] T WA UeRton, FR¥HE= CHE, BY
B2, AAR 07 = Yeich

FFA ol M= FAk] f1do] AEE o R 191491
ARl SE% 5 APl auE VeI
Pb/PM; HIE 018514 Pb2] FR=kE 217 Hlael] 1
™, 67t Pb/PM, H|7}0.39%:0] B3] 0.20%.2 F 21}
7to] Wojrli= A& & 4= 913, Kim et al.(2004)
O] Aot FUZA0NA] AL} HISIALA] 3H] 71
Aokl At fAHA Lepsith

SR HPIA] PMyp 59] Fdwoll disiAe =7t
o2 = A & 4= AUE EFIE T AT
2 52.77%, BZAR 82.55% CHAR 70.19%, BIZAA]
28.46%= VFEFTE. SRR 7} HIARA] Bt 34| 57t
sl9on, BAR, CHR, A4R ¢08 EPFRE] T
ol A UeRdth BHRO] 9 e o=
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Table 7. Effect of pathway content on asian dust in heavy metal/PM,, ratio
(unit : %)
Source Heavy metal A-AD B-AD C-AD Non-AD
Pb 0.20 0.23 0.28 0.39
Cd 0.00 0.01 0.00 0.00
Artificial Cr 0.02 0.02 0.02 0.02
Cu 0.06 0.08 0.13 0.17
Ni 0.01 0.04 0.02 0.03
As 0.01 0.02 0.02 0.05
Artificial total 0.30 0.40 0.47 0.66
Mn 0.53 0.66 0.70 0.36
Fe 14.22 27.65 20.42 9.60
Soil Al 12.08 17.69 16.99 3.66
Ca 18.30 25.01 21.02 10.99
Mg 7.64 11.54 11.06 3.85
Soil total 52.77 82.55 70.19 28.46
A 1S 7127 oot mafle] ko] Aoz HAl P Bl ARMIS UERIT ShAT S E4E PM,
wgelo] mopdiie] wvh A et o= g To] AM] Al PMuMn 0.745(p<0.01),

CH(Park et al. 2013).

3.4, SA/HIZAIN B34 ZH 22 24

SR S5 2F 5495 Tefst] flste] 4
Y BAS XYt AaAle] Hel= -1 ~ +1 7}
A o]w, Zigto] 10l 77h&aps 5 ko] Aadol
== AL oJu|gkc(Park and Cho, 2009).

Table 8-> SAYHISIAA] TEEZT A dS e
11 It} SAFAJ= Fe-Mgo] 0.917(p<0.01)2 714 =2
AEde vERfa 9lom, Mn-Al 0.911(p<0.01),
Fe-Al 0.887(p<0.01), Mn-Fe 0.871(p<0.01), Mn-Mg
0.852(p<0.01), Fe-Ni 0.841(p<0.01), Cr-Fe 0.836
(p<0.01)O2 UEPit). 3L A =8 JRo= o
2R B/ Al Fe, Mgell thet/dado] A Yrebit
o} T3 SE< PMyo k] ARV dE AR T o
Al EFIEET =2 ARHAIE UeRlaL Qlol, 74
H PM, 2 APl A AgEl= A 02 Hojz|n, 7F 54
I A= PM;-Mn 0.826(p<0.01), PM;-Mg
0.712(p<0.01), PMjo-Fe 0.673(p<0.01), PM-Al
0.670(p<0.01) == Upepjct

HIZAA o= EOFAJES] Fe-Mn 0.798(p<0.01)Z

PM-Pb 0.703(p<0.01), PM;¢-Fe 0.700(p<0.01) 4=©.
2 et

FAAols EORYRLE AT 7 Lhebdt we
v oll= mAER| 9} Bf 7] A o] A Lt
Eptor, olefgh kS Foll vMHA W S5 3
TR Bl T aAfisk= st o] Qlof Hel
o},

Kim et al.(2014)9] S5 A7]Eol|A] B]3ALA] 2]
PMioi}2] Sa4710] S AFsilon], PM et
Mno| JHA7E 0.822 7P &7 Yehdom, Fe
0.77, Pb 0.60 0.2 GARBIA| LreRgTh 77| Eol i As
O] 745- 0.78% vl | VERg o B del=
ol FA) e Aom Ueldt] FFA%e 49
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dol s Ao r STk

Fig. 5 AR} BIRIAIA] S350 ARdS Blast
Atk Ak 74 2| 3aEe R BejE e, 1245
] 75-Pb, As, Cu®] A91H|Q] S AL abdo] =3k
o, 27152] 7$- PMj, Cr, Mn, AIZE-O 2 L4o]
How, 371552 7 Ca, Ni, Fe, MgO =2 F-2E|]rh
HIZAIAO] AS, 1 8L Cd, Cr 2123} Cu, M, Fe,
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Fig. 5. Correlation coefficient among PM, and heavy metal in (a) AD and (b) Non-AD.

Table 8. Correlation coefficient between PM, ¢ and heavy metal in AD/Non-AD

08 | 0.75 | 0.66

0.59

0.7

1

-10-068-056-0.4 -0.2 0.0 0.2 0.4 0.BE 0.5 1.8

Item PM,o Pb Cd Cr Cu Mn Fe Ni As Al Ca

Pb 0344
cd 0203 -0.013
Cr  0580™  -0.134 0381
Cu 0.177  0.668"  0.030  -0.024
Mn 0826  0.053 0255  0.818™ 0.074

AD Fe  0.673" 0072 0522 08367 0063 0.871"
Ni 0448  0.167 0736 0.748"  0.165 0.618" 0.841"
As 0227 07437 0.100 -0244 05147 0019 -0.015 0.173
Al 06707 0119 0315 0828 -0.075 09117 0.887" 0.618" -0.169
Ca 0439 0.038  0.462" 07777 0297 05747 0.6767 0.749"  -0.063 0.532"
Mg 0712  0.147 05477 08277 0280 0.852" 09177 0.833" 0.070 0.830" 0.810"

PM;, Pb Cd Cr Cu Mn Fe Ni

Pb  0.703"
cd 02887 02527
Cr 03977 04207 04377

Non Cu 05257 05357  0358" 03347

-AD  Mn 07457 06597 03067 0442 04727
Fe  0.700"  0.589 0280 0414 0462 0.798"
Ni 03417 02947 03637 04307 0258 0405 0.410™
As 03577 04087 02997 03047 02967 04067 03197 0294

1 p<0.01, p : significance level
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