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Characteristics of Metallic and lonic Elements Concentration in
PMio at Guducsan in Busan

Byung-lI Jeon*

Department of Environmental Engineering, Slla University, Busan 46958, Korea

Abstract

This study investigates the characteristics of metallic and ionic elements concentration, concentration according to transport
path, and factor analysis in PM1o a Guducsan in Busan in the springtime of 2015. PM1o concentration in Guducsan and
Gwaebeopdong were 59.5+ 9.04 ug/m" and 87.5+20.2 u#g/m’, respectively. Contribution rate of water-soluble ions and
secondary ion in PM3o concentration in Guducsan were 37.0% and 27.8% respectively. [NOs/SO,?] ratio and contribution
rate of sea salt of PMyo in Guducsan and Gwaebeopdong were 0.91 and 1.12, 7.0% and 5.3%, respectively. The results of the
backward trgjectory analysis indicates that PM1o concentration, total inorganic water-soluble ions and total secondary ions
were high when the air parcels moved from Sandong region in China than non-Sandong and northen China to Busan area. The
results of the factor analysis at Guducsan indicates that factor 1 was anthropogenic source effects such as automobile
emissions and industrial combustion processes, factor 2 was marine sources such as sea salts from sea, and factor 3 was soil
component sources.

Key words:: PM1o concentration, Metallic and ionic elements concentration, Backward trgjectory analysis, Factor analysis
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Fig. 1. Automatic air quality monitoring sites(®), Guducksan obsevatory(®), Gwaebeopdong( ®) and Busan regional
meteorological administration (BRMA)( m) in Busan(left), mini-voloume air sampler at Guducsan(right).
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Fig. 2. Comparison of daily PM1 mass concentration measured  Fig. 3. Variation of daily PM1o mass concentration measured
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Fig. 4= Mini-volume air sampler24] U3t %}
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Fig. 4. Variation of daily PM1o mass concentration measured
by Mini-volume air sampler at Gwaebeopdong(Silla
university) and Guducsan.
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Table 1. PMo mass concentration (ug/m’) and mean concentrations (ng/m’) of metallic elements in springtime PMyo at

Guducsan and Gwaebeopdong(n=13)

Contents Guducsan : Gwaebeopdong

Mean sD” Mean sp¥

PM 10 mass 59.5 9.0 875 20.2
Al 514.4 149.4 634.0 250.6
Ba 439 291 58.2 8.83
Ca 2012.9 209.6 2330.6 308.0
Cd 0.98 0.70 115 0.73
Co 0.73 0.16 1.18 0.30

Cr 297 0.55 217 6.40
Cu 14.3 3.87 26.2 5.50
Fe 8744 163.0 1409.0 3733

K 9184 165.0 1140.0 259.3
Mg 398.8 545 498.9 88.0
Mn 443 11.50 78.6 27.9.
Na 4439.2 205.6 4730.1 502.6

Ni 130 3.52 234 7.84
Pb 265 8.75 348 9.67

S 7295.2 980.3 7539.5 838.4

Sr 5.65 151 6.62 122

Ti 19.3 347 239 5.56

\% 122.0 2.65 1241 6.09

zn 84.3 23.0 147.9 51.7

Contribute rate (%) 28.3 215

Ystandard deviation

i Eol Ao} 21.5%H Tt =& 7|of&E HAIrk PM
of thet 52 7|82 Awet Aldof| wet o=
3 A e} |G g Zjol7h 2] Leh i E4
o] ltKJeon and Hwang, 2014). FFElite] S48 &
A5 B, B AR 71991 ST 7HE A vl
= R jof 719 Navt ko, theow Ca K,
Fe, Al 20190, 2191221 7|29l Cos} Cd 5o 713
2 FEE YERSIch 3, oAM= B
o1 Si7} 7P =9k, th2-02 & Na, Ca, Fe, K, Al £0]
%1, 21912191 719121 Coo} Cd 50] 71 e g
eI wheba] Grealell] PMyo 59] 45852
Si>Na>Ca>K>Fe----Ni>Sr>Cd>Co <=o|ich & o7
Z)efo] Bieka} 7h7to] QO Nao] 7} the 2]

of Hlg} &L =S vkl Zlo] SolciJeon and
Hwang, 2014).

3.3. OIMHX[Q| o|2MRsE EY

Table 21= = A7A|HQ1 g4k} dsolA &3
3 PM 1o 50| 0] 2448 =0} Hlafg FHA(nss-SOx)
S Yehdl Zo|th nss-SOAS s1g2] AARQ] NaS
o]-g3to] 4] (1) o= ALK 4= ¢JciMillero and Sohn,
1992).

[nss — SO =[S0} 1—0.251 < [Na*] )

T 3104 o] 2/ 0] PMygol] TiEt 710} -2 36.8%
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Table 2. lonic concentration (ug/m’) in PM1o at Guducsan and Gwaebeopdong

Guducsan Gwaebeopdong

Contents m m
Mean SD. Mean SD.

PM1o mass 59.50 9.04 87.50 20.22
Na" 251 0.19 257 0.30
Mg* 0.25 0.02 0.28 0.03
ca* 131 0.26 1.37 0.20
K* 0.29 012 0.32 0.12
NH," 3.44 211 3.80 171
cr 0.39 022 0.49 0.21
S0~ 7.63 432 7.93 3.99
NOsy 6.06 2.60 7.74 263
nss-SO,” 7.00 431 7.29 3.99

Contribute rate (%) 36.8 38.0

Ystandard deviation

0], HEC] 7]ofe-LS 38.0%= HIZSE 7S Uet
Wi2ick. 201133} 20121d9] FEolA PMyo 5 0]
/R0 Bt 7191E 38.6%%} vl gk UERASITH
(Jeon and Hwang, 2014). 1A[HA| 9] 2482 o] 2,
AR, SR 1B Ve AE 23Rt Ve
/JEO R JJE]o] Qlrt. Park et d.(2012)0] FARA] A
AFE2] PMosE E41H A3, o] 241 44.7%, B3R
TIRFEL. o] 2AJEL 53.5%, ERAAJE 19.2%, 2545
4.7%, 7|E} 22.6%2 TAE|o] kil slom,
o] o] 9 FEAE ulgo] EAX| o] HlglA
ChAs 7 JeRgThaL alglck 2 telals B3R
o] o] glof o}dR|ul, o2 AJHo] 7jojgo] F4
HHET 2 A 0= et A PMiollA 7H =2
FES HOl HHO 80,7 0] 2.0 7.63 ug/mio] 3o,
T}S0 & NOs(6.06 ug/m), NH,'(3.44 ug/m) 220191
o} oA 7R A UeRd ol g8 ekt
EU3IA| SO 0102 7.93 ug/mo|om, Theo s
NO3 (7.74 ug/m’), NH, (3.8 ug/m’) <=0|3ick. wheba]
T A BE PMy 39 02452 SO > NO; >
NH, > Na' > Ca™ > CI'> K* > Mg® "&0|3]t}. 34K
2 AR Ao 23| tf7] FOoE HiEE SO
Qo] 74 W 54434 ool S oojRER

AlelE]o] A7dEti(Ho et dl., 2003). e 4k AHEEol|

SUA]

A PMip 2] SO, 1=t 201137} 2012 750
A 243} 8.34 ug/mre} 14.5 uglno] B8] W S
eIt (Jeon and Hwang, 2014). ZArEL- A
7] ofol=Ee] Fa3F AR o= EAR| 2] At A
AT AMgh= SRR ol o3l viEE
NO, 9| FAlslof ofal AAJEIcLogan, 1983). T3t -
ikt 352 PM1o5-2] NOs 5 54= 2011137} 2012
| I FollA S 8.97 uglm'} 12.1 ug/mrof] B3]
A =2 55 YER %It Jeon and Hwang, 2014).
WA Fo] Pl 2 FEEAL R U 5|2 H
5ol efgt g S7|2HE AR, dsietnEol
7Fe FakAdo] Zget v, SRAohE-S 71 kst
(Asman and van Jaarsveld, 1991; Ho et al., 2003). &
A 717t AL} THES] PMio52] NH, 5=
L 3.22 ug/m'9} 3.8 ug/m'= 201147} 20124 S
of|A 243t Frrrh Wl YeRdti(Jeon and Hwang,
2014).

Table 32 X A5 2|29l alat T oA 274
3 % $84ol(Na, K', Mg”, C&”, NHJ", CI,
NOs, SO4%) 2] PMyo 35-0]| gt 7|8t} o] apgAdo)
2291 nss-SO4”, NOs, NH,"2] PMyo 355=0]] Tt 7]
& 712|131 PMyo 51 Z SHIARES] Aol oJi vliE
e QYR il AHE WkE $skd
[SO,ZINO;] ] HwH] 2 2ARS}o] LFERH o]tk WA,
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Table 3. Contribution rate (%) of total inorganic water-soluble ions, contribution rate (%) of secondary ion and [SO4“/NOs]

ratio in PM1o a Guducsan and Gwaebeopdong

Guducsan Gwaebeopdong
Contribution rate (%) of total inorganic water-solubleionsin PMig 37.0+13.6 28.5+7.1
Contribution rate (%) of secondary ionin PM1o 27.8+134 21.7+6.6
[NOs/S0,7] ratio 0.91+0.35 1.1240.43

T T-8/90122] PMyo s=of Tt 7]ofe-& ikt
5ol 247} 37.0%%} 28.5% A FLEAto] IR E
of E3ker, 201143} 20121 9] Frgsofl A 5783t 3
at 43.9%0] Hlsl F AR BE S RS UERfgict
(Jeon and Hwang, 2014). “12]31 o|x[R3Ad0]-22] PMyg
Freof| theh 7]ofg-2 ikl IRso] 22} 27.8%%}
21.7%= FElito] IRsRTh A Ul o] 719
&2 NHAR Ql8l TsiE ke 7Fs7dol Sl EA
oflxf= mAHA] A7PdREE Tkt uie- Faskct
(Park and Lim, 2006). 2011%} 2012 F|HH-50)419]
7|ofgo] Hat 27.8%= Ak} vl S LR
tH{Jeon and Hwang, 2014). n}x|a}o 2 e Ak} 1)
Lol [SO,Z/NOs] 2] 58S K, 717}0.917} 1.12
= LpERSICE [SO4 INOsTH]= th7] o] uiEe 114
Q. P} o5 AU A SRS Ukl Al
AJAFR AREET, S I 0] ARE AR
Froll Z3E 2 ol AU Amel 7REHT A5
of vlsl wol sZ3tElo] glou =, SHAR F 572 7]
xS mlolslt| AMREY|E ST Yeo et d., 2002).
TS G e AYo] ol s HURT} AIRE Fake
HFAL, WHEE ol s d o] et =2 9
P Al Ao® HRltk YAk Q1] S &
BYol= o 7] Aol A uiEshe 26 dkel

9Ich 218 772 0 2 HofFa ik

Table 4= AFAI FFEAkY dso] S5
PM1o 5ot slHste T18al s 7]otes vEhd
Zoltk. th7] 59 s UAR= slioll AT Cl, Na,
S, Mg, Ca K 59 242 F/d=o] glom, Na2 si¥
AR} XA A=K Willison et al., 1989). 1]
Aol S i) s sl 01252 Na'
of| gt AeFaeH]ol] AT th 4] (2 ol-8sto] Al
Ak t{Holland, 1978).

seasat (ug/mr') = 1.47xNa’ (ug/nt) + Cl (ug/nt) (2)

Tk 3 E2] PM el tigt afjle] 7]ode-2 7t
ZF 7.0%¢} 5.3%=, FrElito] MrEket =] et
ok Felito] vl tise] RIRE HRiEol ofsf sk
O] FErS Wo| Wh=rh= 215 Hofal Qirk FAlx|
20134 =4 53 2] PMaoo]| thel s H €] 7]of&
2 7}7) 8.1%2} 7.6%= F5-0] Fol| B3| =7 Ll
YtKJeon, 2015h). HAkx|ed 2011E7 201249
13.2%0] HlallA= Woril(Jeon and Hwang, 2014),
200799} o587} 7REE0] PMyel thet 7144l
2.8%2} 3.1%9]| Hlsl| €53] =& 71oteS Uehict
(Jeon et dl., 2010). AlF=I= 39LO ZHE] 2 kmEo]7] X
ol PMo - sG] 710482 o 53} 7150l 2+
7} 13.1%¢} 15.2%= 2 A5-2 7] Hlsf w9 =& 7]

Table 4. Mean sea salt concentration and contribution rate of seasalt of PM1o at Guducsan and Gwaebeopdong

Mean PM o concentration

Mean sea salt concentration

Contribution rate of sea salts

(ug/m) (pg/m) (%)
Guducsan 50.50+9.04 4.09:0.48 7.0£1.4
Gwaebeopdong 87.50+20.22 4.26+0.57 5322
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Fig. 5. The 2 days backward trgjectory of air masses corresponding to PM1o sampling data at Guducsan site. Sandong

passed(left) and Non-Sandong passed(right).
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Table5. PM1o concentration and related data according to air mass trgjectory at Guducsan
Sandong passed Non-Sandong passed The others
(n=7) (n=5) (n=2)
PM 3o concentration (ug/nr) 67.94+9.93 55.26+8.25 52.92+8.25
Total metallic elemnet (ug/m’) 17.15+0.92 17.25£1.54 18.63+0.24
Total inorganic water-soluble ions (ug/nr) 22.92+7.94 19.79+6.56 21.8+16.37
Total secondary ions (ug/m) 17.81+7.53 14.28+7.01 16.16+15.62
[NOs/S0,7] ratio 0.77+0.39 1.07+0.30 0.80+0.07
Sea salt concentration (ug/m) 3.86+0.23 4.04+0.49 4.82+0.37
Contribution rate (%) of seasalt of PM1o 5.77+0.76 7.37+1.05 9.16+0.72
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Table 6. Varimax rotated factor loadings for PM 1o components at Guducsan and Gwaebeopdong

) Guducsan Gwaebeopdong
Species
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Na" 0.11 0.97 0.11 -0.05 -0.90 0.50
Mg* 0.74 0.07 0.47 0.26 0.09 0.80
K* 0.56 0.34 0.71 0.68 0.60 0.29
NH," 0.98 -0.04 0.02 0.97 0.07 0.01
cr -0.11 0.95 0.19 -0.18 -0.20 0.85
NOs 0.86 -0.13 0.12 0.91 0.01 -0.19
nss-SO4~ 0.89 0.13 0.04 0.75 0.10 0.44
nss-Ca® 0.01 -0.07 0.98 0.07 0.98 0.10
Eigenvalue 38 20 13 34 2.2 15
Variance (%) 47.4 25.0 16.6 42.7 27.3 18.6
Cumulative (%) 47.4 72.4 89.0 42.7 70.0 88.6
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