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In this study 24-hr integrated PM, 5 samples were collected between November 5, 2013 and June 30, 2014,
at an urban site in Gwangju, Korea, and analyzed for elemental constituents using energy disperse X-ray flu-
orescence to evaluate possibility of utilizing rare earth elements (REEs) of European (Eu) and Terbium (Tb)
as soil dust markers. Over the study period, concentration of Al, i.e., a representative element of soil dusts, was
strongly correlated with those of Si (1=0.98), Ca (r=0.97), Ti (r=0.97), Fe (r=0.96), Eu (r=0.76), and Tb (=
0.90), suggesting their influence from the soil dusts. Over the study period, four dust-storm episodes (Jan. 1,
May 26, May 28, and May 29, 2014) occurred, during which crustal material concentration was 9.6, 18.7, 19.7,
and 12.3 pg/m’, respectively, which accounts for 23.0, 49.4, 22.6, and 26.7% of the measured PM, 5 con-
centration. The Eu and Tb concentrations were on average 24.2 and 12.5 ng/m®, respectively, reaching max-
imum values (89.7 and 73.1 ng/m®) on May 28 when Asian dust storm was observed at the site. Multiple linear
regression analysis indicates that crustal material concentration estimated based on Eu and Tb is strongly cor-
related with that estimated based on concentrations of the typical crustal elements; [Crustal material].ginaeq =
(194.2£15.7)Tb(ng/m>) + (26.1£10.9)Eu(ug/m?) + (-0.53+0.19), r=0.91, p<0.001]. Also results from principal
component analysis demonstrate that the elements Eu and Tb were strongly associated with natural elements
(Al, Si, Ca, Ti, and Fe), suggesting that crustal dusts could be one of major sources of the Eu and Tb. Finally,
results from this study suggest that the Eu and Tb could also be good candidates of soil dust tracers.
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Table 2. Analytical results of SRM 1832 and SRM 1833
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Table 1. Analysis conditions of the instrument

Elements Analysis conditions
. A: 12 kV, B: none,
Na, Mg, Al, Si C: 10 KeV
A: 20 kV, B: Cellulose,
S CL K C: 10 KeV
Ca, Ti, V, Cr, Mn, A: 25 kV, B: Aluminum,
Fe, Ba, La, Ce C: 20 KeV
. A: 25 kV, B: Pd Thin,
Ni, Cu, Zn, Eu, Th C: 20 KeV
A: 50 kV, B: Pd Thick,
As, Se, Br, Rb, Zr, Pb C: 20 KeV
A: 50 kV, B: Cu Thin,
Cd, Sn, Sb C: 40 KeV

Note) A: tube voltage, B: X-ray filter, C: Energy scale.

Element n Certified value (ug/cm®) Measured value (ug/cm®) Measured/Certified
Al 1832 3 126+1.3 13.73+0.40" 1.09
Si 1832 3 34.0=x1.1 34.70+1.03 1.02
Ca 1832 3 19.0+1.3 18.56+0.30 0.98
V 1832 3 3.95+0.5 3.91+0.09 0.99
Mn 1832 3 4.11+0.47 4.30+0.09 1.05
Cu 1832 3 2.53+0.16 2.16+0.04 0.85
Si 1833 3 35.8+2.3 37.81+x1.49 1.06
K 1833 3 19.12+1.8 19.44+0.40 1.02
Ti 1833 3 11.86+1.6 11.69+0.22 0.99
Fe 1833 3 14.5+0.53 14.45+0.20 1.00
Zn 1833 3 5.49+0.53 5.31+0.06 0.97
Pb 1833 3 22.83+1.24 22.56+0.41 0.99

Note)*indicates standard deviation of average value.
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Fig. 1. Temporal profiles of PM,5, crustal materials, and crustal elements concentrations.
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st AZ4EE (ug/m®) = 2.20[A1 + 2.49[Si]
+ 1.63[Ca] + 2.42[Fe] + 1.94[Ti]. 2F3¥ Az-&4
o] T BHHo® PM, 2 7.1%(1.5~49.4%)ys =t
A&kt A1E717F F 20149 1Y 19, 59 26, 59
284, 59 299 F 4] APt ASEA= o] W
PM,. s 77} 416, 37.8, 87.1, 46.1 ug/m>]3}
th AP #5E 2o AEAY] FEe 47 96,
187, 197, 12.3 ug/m*1.o™ PM,; 52| 23.0, 494,
226, 26.71%= AASIATHEE 304%). Hl SAPIZE
T AGERY] vEe HFH2Z PM,2 63%% =
A skt FFAYollA Aerosol Characterization Ex-
periments (ACE)-Asia 7]17-2001d 3~5%)0l] =%3%t
PM, M AZEA9] T HFZHoz gdap|7ka v
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Table 3. Regression relationship between Al and other crustal elements (units in ug/mS)

Elements Regression relationship r
Si Si = (2.67x0.04) Al + (0.02+0.01)" 0.98
K K = (1.23+0.09)""Al + (0.25+0.03)""" 0.70
Ca Ca = (0.72+0.02)""Al + (0.01+0.00) 0.97
Ti Ti = (0.074+0.001)" Al + (0.003%0.000)"" 0.97
Mn Mn = (0.034+0.003)" Al + (0.010+0.001)"" 0.72
Fe Fe = (0.95+0.02)""Al + (0.09+0.01)"" 0.96
Eu Eu = (0.055=0.004)""Al + (0.014=0.000)""" 0.76
Th Th = (0.045=0.002)" Al + (0.004=0.001)"" 0.90

ETTY

Note) 9<0.05, “p<0.01, ~"p<0.0001
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Fig. 2. Relationship between measured and predicted crustal material concentrations.
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Fig. 3. Variation of crustal material and trace elements concentrations with weather pattern.
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Table 4. Summary of elemental species concentrations in PM,; by season

Winter Spring Summer
Average Range Average Range Average Range
PM, 5 ug/m° 41.3+275 7.2-121.5 40.8+17.7 17.0-87.1 34.6x12.6 12.3-60.3
Na ug/m? 0.21+0.14 0-0.64 0.28+0.25 0.07-1.10 0.08+0.08 0.00-0.32
Mg ug/m?® 0.04+0.03 0-0.18 0.13+0.15 0.02-0.50 0.03+0.02 0.00-0.09
Al ug/m? 0.15+0.13 0.03-0.71 0.44+0.45 0.10-1.59 0.11+0.04 0.03-0.20
Si ug/m? 0.44+0.32 0.08-2.01 1.21+1.24 0.31-4.23 0.26+0.10 0.08-0.45
S ug/m? 2.77+2.58 0.44-13.33 3.21+1.67 1.14-6.86 4.12+2.08 0.86-8.84
Cl ug/m? 0.66+0.41 0.01-2.10 0.33+0.27 0.08-1.10 0.13+0.06 0.05-0.27
K ug/m?® 0.47+0.33 0.09-1.63 0.54+0.40 0.15-1.76 0.39+0.29 0.04-1.18
Ca ug/m? 0.11+0.10 0.02-0.69 0.34+0.32 0.09-1.24 0.07+0.03 0.02-0.14
Ti ng/m? 13.2+9.0 2.5-54.1 38.0+33.1 8.3-120.2 9.9+35 3.9-15.6
\Y ng/m? 2.1+1.7 0.2-9.5 5.3+4.5 1.4-20.6 5.6+2.7 0.7-9.7
Cr ng/m?® 1.9+1.2 0.3-5.2 3.0=1.9 1.2-8.4 1.6=0.7 0.2-2.7
Mn ug/m? 0.02+0.01 0.00-0.04 0.02+0.01 0.00-0.06 0.01+0.01 0.00-0.03
Fe ug/m? 0.22+0.15 0.04-0.75 0.50+0.40 0.12-1.57 0.19+0.07 0.06-0.31
Ni ng/m?® 0.9+0.8 0.0-3.6 1.8+1.8 0.5-8.4 2.1+1.0 0.5-3.8
Cu ng/m? 6.5+4.7 0.4-19.5 7.2+4.4 0.9-16.7 2.0+1.3 0.1-5.8
Zn ug/m? 0.07+0.04 0.01-0.20 0.08+0.06 0.01-0.23 0.06+0.03 0.01-0.14
As ng/m? 43+3.1 0.2-13.0 3.9+22 1.1-10.1 21+15 0.0-5.0
Se ng/m? 2.3+19 0.3-8.9 2.1x13 0.1-54 1.8+1.0 0.1-34
Br ng/m?® 12.7+7.6 2.6-35.6 10.1+4.5 4.3-22.7 5.5+2.7 1.7-10.8
Zr ng/m?® 1.6=1.1 0.0-4.8 2.8+1.7 0.4-6.0 1.0+0.6 0.0-24
Cd ng/m?® 1.8+1.7 0.0-6.7 1.9+1.6 0.1-6.1 1.6+2.2 N.D.-6.7
Ba ng/m?® 6.6+4.8 0.0-21.2 12.3+6.3 0.0-19.9 57+2.8 0.0-12.9
La ng/m? 0.8+14 0.0-6.7 2.1+2.1 0.0-7.2 2.6+19 N.D.-6.0
Ce ng/m® 1.0=1.0 0.0-4.0 2.5+23 N.D.-7.6 1.8+1.0 0.2-4.5
Eu ng/m? 23.5+14.9 3.4-59.1 33.9+224 5.3-89.7 18.0+9.1 5.2-36.8
Th ng/m® 10.6+74 1.1-37.2 24.9+21.2 4.7-73.1 10.0=4.0 1.4-17.7

Pb ug/m? 0.04+0.03 0.00-0.13 0.03+0.02 0.00-0.09 0.02+0.01 0.00-0.04
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Fig. 4. Air mass transport pathways at 500 (triangle), 1000 (square), and 1500 m (circle) AGL on May 28, 2014.

718) Aadd Qo EEEE FAAY o] Table 5. Results of principal component analysis with a

o3t ko BetEch Y 4). varimax rotation for the entire sampling period
Element PC1 PC2 PC3 PC4
) i} ) Na 0.543 0.609 0.209 0.212
3.2. "':fg%aw'% olget ArgESe| 'f"g_fg Mg 0.940 0.085 0.190 0.021
AA 57 5 DE AR Ee vE eHdE Al 0947 0187 0215  -0.029
ZAYel7] 98t 2% $4(principal component Si 0.965 0.155 0.128 -0.034
analysis, PCAYS Fal3l5ith. & 1269 E<F =43 S 0.107 0.454 0.730  -0.097
PM,. W 2459 924589 HlE 039S AV Cl -0.028 0727  -0383  -0.001
Aol 126MR0] TSl PCAR FRAXTEPSS L B0 (T8 ML
software version 21.0). 3494 Ke wiE<le] £97] Ca 0975 0117 0100  -0.002
A91A] ol H ulo] Q2 Aol oJgk JFIAES T 0953 0195 0173  0.031
7¥8l7] flele] 8 KRS 23X AY. T4 \% 0.420 0.111 0.792 0.029
2 AA37) 95k varimax 3 & 7} AR BAL Cr 0.575 0.589 0.457 0.059
(variance)? 37 18T} & -f-3k(eigenvalueyS )& Mn 0.556  0.697  0.366 0.084
’S}i’it‘r $@H A= T 5 L}waﬂu} =ygn Fe 0.893 0.336 0.268 0.034
A S e e W o 2 N, D O G
o] FEHAT Al 153} = 2w 554 Zn 0314  0.765 0398  0.093
YN FARe] BAal vle-e Zb2 34.6%, 33.2%, 14.0%, As 0.209 0.827 0.289 -0.053
43%Z A W] FHEY 86.1%%F XA F Se 0.162 0.815 0.462 -0.041
BAke] 34.6%% 2AER= A H]z}H FARPCHL = Br 0.050 0.947 0.021 0.062
© 33} Zhactor loading’S ZH= Mg, Al Si, Ca, Ti Cd 0.014 0.121 0.033 0.958
Fe, Eu, 2 The} %7+ Hal @< 2= Na, Cr M, Eﬁ 8221 (()):égi ggg 8(1)22
2 Bags PSR Sled), olple ARl Eded Th 0.870 0254 0221  -0.002
A3} AHEG 7N FEE R S ER JRoE Pb 0.194  0.900 0.226 0.139
42 Eust Tb7} EYHREET 2o a5 2§ Variance  34.6 33.2 14.0 43

Ho] §A}8 AES Heltk= Holo}, msk Ko] 238 Note) Loadings > 0.6 are in bold.
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