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Abstract: Rare earth elements (REEs) have been used as one of power tracers for understanding
geological and environmental changes due to their similar physico-chemical properties. In this study,
we investigated the characteristics of rare earth elements in atmospheric particulates (PM, ) collected in
Beijing and Gwangju during January 2018. The total concentrations of REEs in the Beijing samples
were about 16X higher than those in Gwangju samples, and both samples are enriched in light REE than
heavy REE, up to 8-10 times. The Post Archean Australian Shale (PAAS)-normalized pattern showed
that both samples are enriched in Eu, Tb, and Er, and displayed positive Eu but negative Ce anomalies.
The elemental correlations indicate that both samples originated from China desert and Loess plateau as
well as cities surrounding Beijing. This study suggests that REEs in PM, 5 can be used as a powerful
proxy of revealing the difference between China and Korea, and provide basic information on the source
and transport of PM,3s.
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Table 1. Concentrations of rare earth elements of blank filters (Unit: ug/kg)
Sample
(Date) La | Ce | Pr [Nd |Sm | Eu | Gd | Tb | Dy | Ho Er | Tm | Yb Lu | LREE | HREE | TREE
PKU CP
2018.01.03 | 0.27 [ 0.83 | 0.04 | 0.15 [ 0.03 | 0.01 | 0.05 | 0.01 | 0.05| 0.01 |{0.02|<0.01|0.02 |<0.01| 1.32 0.16 | 1.48
2018.01.10| 0.22 [ 0.44 | 0.04 | 0.17 [ 0.03 | 0.01 | 0.04 | 0.01 | 0.04 | 0.01 | 0.02 |<0.01]0.01 |<0.01| 090 | 0.15 | 1.05
2018.01.17| 0.21 [ 0.37 | 0.04 | 0.15 [ 0.03 | 0.01 | 0.04 | 0.01 | 0.04 | 0.01 |0.02|<0.01|0.01 |[<0.01| 0.80 0.14 | 094
2018.01.24 | 0.29 [ 0.59 | 0.07 | 0.24 | 0.05] 0.02 | 0.06 | 0.01 | 0.06 | 0.01 |0.03 |<0.01]0.02|{<0.01| 1.25 0.22 1.47
2018.01.31]0.59 130 | 0.15|0.56 | 0.11 | 0.02 | 0.12 | 0.02 | 0.08 | 0.01 |0.04 |<0.01|0.03 {<0.01| 2.70 | 034 | 3.04
A(Vne:rzfe 032070 | 0.07 | 0.25 | 0.05 [ 0.02 | 0.06 | 0.01 | 0.05| 0.01 |0.02 |<0.01|002|<001| 139 | 020 | 1.59
GIST
2018.01.03 | 0.05 [ 0.11 | 0.01 | 0.04 [ 0.02 | 0.01 | 0.03 | 0.01 | 0.03 | 0.01 |0.01|<0.01|0.01 |<0.01| 0.24 0.10 | 033
2018.01.10 | 0.04 | 0.10 | 0.01 | 0.04 | 0.02 | 0.01 | 0.03 | 0.01 |0.03 | 0.01 | 0.01 [<0.01|0.01 |<0.01| 0.21 0.09 | 030
2018.01.17{ 0.05 | 0.11 | 0.01 | 0.04 | 0.02 | 0.01 | 0.03 |<0.01| 0.03 |<0.01| 0.01 |<0.01|0.01 |<0.01| 0.22 0.10 | 032
2018.01.24 | 0.09 [ 0.27 | 0.02 | 0.08 [ 0.03 | 0.01 | 0.04 | 0.01 | 0.04 | 0.01 | 0.02|<0.01|0.01 |[<0.01| 0.49 0.15 | 0.64
2018.01.31 ] 0.06 | 0.14 | 0.01 | 0.05 | 0.02 | 0.01 | 0.04 | 0.01 | 0.04| 0.01 |0.02|<0.01|0.01{<0.01| 029 | 0.13 | 042
A(\;le:rz;{)ge 0.06 [ 0.15]0.01 | 0.05(0.02|0.01 0.03| 0.01 |0.03| 0.01 |0.01|<0.01|0.01 |<0.01| 0.29 0.11 0.40
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£ 7L ) FER b TS FIER
(Total REE; TREE), 73 3] & 5 (LREE), 3] & 5 (HREE)
2 st S uluseck

() FER = B4
B A Y B ER B FEE 463 ue/kg

A EF 4.20 ug/kg, T3 EF 043 pg/ke¥l o, 574
AR W FIERF Hd $EE 741 pg/kg, A3 E
5 67.5 pg/kg, 53| ESF 6.66 pg/kg A Th(Table 2). F==0]|
Hl3l) 57 nlA WA W S ER e FIER, 43
ER, TIEF BFOA oF 168 2] Zfo]E H Tt

Table 2. Concentrations of rare earth elements in the atmospheric particulates collected at Beijing and Gwangju cities
(Unit: pg/kg)

S(g;‘fel)e La | Ce | Pr | Nd |Sm | Bu | Gd | Tb | Dy | Ho | Br | Tm | Yb | Lu | LREE | HREE | TREE
PKU CP

2018.01.03] 2.68 | 542 [ 0.61 [ 223 1039 [ 0.17 [ 0.41 [ 0.06 [ 031 [ 0.06 [ 032 [0.02 [0.12]0.02] 113 | 148 [ 128
2018.01.04 | 497 | 103 | 142 [ 5.07 [ 0.75 | 020 [ 0.81 | 0.1 [ 0.63 | 0.11 | 0.54 | 0.04 [ 024 [ 0.03 | 225 | 270 | 252
2018.01.05| 5.03 | 10.5 | 1.24 | 453 [ 0.73 | 044 [ 0.75 | 0.10 [ 0.53 | 0.10 | 0.48 | 0.03 [ 022 0.03 | 220 | 2.69 | 247
2018.01.06 | 485 | 9.84 | 129 | 4.69 | 0.67 | 0.24 | 0.76 [ 0.11 | 0.58 | 0.10 | 044 | 0.04 [ 023 [ 0.03 | 214 | 253 | 239
2018.01.07| 9.11 | 187 | 2.16 | 7.70 | 1.27 | 0.59 | 126 | 0.18 | 0.84 | 0.16 | 0.67 | 0.06 | 0.35 | 0.05 | 39.0 | 4.17 | 43.1
2018.01.08 | 36.4 | 72.9 | 838 | 29.7 [ 4.87 | 2.58 [ 4.67 | 0.68 [ 3.10 | 0.52 [ 293 [ 019 [ 122 [ 018 | 152 | 161 | 168
2018.01.09] 11.6 | 23.8 | 277 [ 102 | 1.71 | 1.04 | 1.67 | 024 | 1.18 [ 020 | 1.03 [ 0.07 [ 0.44 [ 0.06 | 500 | 592 | 56.0
2018.01.10 | 2.90 | 5.85 | 0.70 | 2.63 | 047 | 0.15 | 049 [ 0.07 | 0.35 | 0.08 [ 0.19 | 0.02 [ 0.13 [ 0.02 | 126 | 149 | 14.1
2018.01.11 | 3.86 | 7.63 | 0.86 | 327 | 0.57 | 0.19 | 0.59 [ 0.08 | 0.43 [ 0.08 [ 022 0.03 [ 0.17 [ 003 | 162 | 1.82 | 180
2018.01.12] 7.16 | 13.8 | 149 | 536 [ 0.78 ] 020 [ 0.80 | 0.13 [ 0.60 | 0.10 | 0.28 [ 0.04 [ 023 [ 0.03 | 286 | 241 | 31.0
2018.01.13| 8.77 | 16.6 | 1.89 | 6.79 | 1.17 | 037 | 1.14 | 0.17 | 1.62 | 0.16 | 0.41 | 0.05 | 0.34 | 0.05 | 352 | 432 | 396
2018.01.14] 12.8 | 24.5 | 289 | 103 [ 1.74 [ 052 [ 1.76 | 025 | 128 | 022 | 0.68 [ 0.08 | 0.46 | 0.07 | 522 | 532 | 575
2018.01.15 | 27.6 | 565 | 6.60 | 23.7 | 3.92 | 1.12 | 403 [ 0.55 | 2.62 | 048 [ 129 017099 [0.14 | 118 | 114 | 130
2018.01.16] 39.2 | 822 [ 9.23 | 33.8 | 522 | 124 [ 545 [ 0.68 [ 329 | 0.60 | 1.69 [ 021 [ 127 0.19] 170 | 146 | 184
2018.01.17| 164 | 344 | 3.82 [ 139 [ 2.19 | 051 [ 2.17 [ 039 | 1.35 | 0.25 | 0.84 | 0.09 [ 0.55 [ 0.08 | 707 | 623 | 77.0
2018.01.18| 5.53 | 11.4 | 1.30 | 476 | 0.75 | 0.19 [ 0.77 | 0.10 [ 0.50 | 0.08 | 023 [ 0.03 [ 0.19 [ 0.03 | 238 | 2.12 | 259
2018.01.19| 10.1 | 203 | 2.17 | 7.81 | 0.99 | 0.62 | 1.08 [ 0.13 | 0.57 [ 0.09 [ 035 | 0.03 [ 022 [ 0.03 | 413 | 3.12 | 444
20180120 | 113 | 225 | 2.54 [ 929 | 145 | 036 | 142 | 0.19 | 0.98 | 0.17 | 045 | 0.06 | 037 | 006 | 47.1 | 404 | 5.1
2018.01.21] 122 | 24.0 [ 267 | 9.64 | 1.61 | 041 | 1.61 | 021 | 1.19 | 0.19 | 0.66 | 0.07 | 042 [ 0.06 | 50.1 | 4.83 | 549
2018.01.22] 168 | 33.8 | 3.88 | 13.7 | 224 | 0.72 [ 230 | 030 | 1.46 | 026 | 0.92 [ 0.10 [ 0.57 [ 0.09 | 703 | 671 | 77.0
2018.01.23 | 183 | 37.6 | 422 | 152 | 251 | 203 [ 254 [ 033 [ 1.62 [ 029 | 1.19 [ 0.11 | 0.64 | 0.09 | 779 | 883 | 86.7
2018.0124 | 9.56 | 200 | 222 | 8.14 | 1.28 | 039 | 131 | 0.27 | 0.83 | 0.15 | 0.53 | 0.05 | 034 | 0.06 | 412 | 394 | 45.1
2018.01.25| 5.88 | 11.8 | 141 | 525 | 0.85 | 031 [ 0.89 | 0.14 [ 0.60 | 0.12 | 0.38 [ 0.04 [ 024 [ 0.04 | 252 | 276 | 279
2018.01.26 | 9.66 | 19.3 | 2.24 | 8.17 | 136 | 040 | 1.45 | 022 | 1.14 | 0.19 | 0.55 | 0.07 [ 0.43 [ 0.06 | 407 | 4.50 | 452
2018.01.27] 205 | 413 | 467 | 172289 [ 0.79 [ 2.99 | 0.44 | 2.16 | 037 | 1.08 [ 0.13 | 0.81 [ 0.12| 86.6 | 889 | 955
2018.0128 | 644 | 131 | 149 | 54.0 | 9.18 | 2.45 | 943 | 1.77 | 5.97 | 1.09 | 3.89 | 0.39 | 236 | 036 | 273 | 27.7 | 301
20180129 | 25.1 | 504 | 5.71 | 20.7 | 328 | 1.09 | 331 | 1.22 ] 2.07 | 038 | 1.78 | 0.13 | 0.85 [ 0.13 | 105 | 11.0 | 116
2018.01.30| 332 | 68.5 | 7.61 | 27.8 | 426 | 1.49 [ 4.43 [ 0.75 [ 2.60 | 0.46 | 1.81 [ 0.17 | 1.00 [ 0.15 | 141 | 129 | 154
2018.01.31| 28.1 | 56.3 | 6.46 | 22.9 [ 3.43 [ 0.90 [ 3.59 | 0.50 | 2.09 | 038 | 1.07 [ 0.13 [ 079 [0.12| 117 | 955 | 127
2018.02.01 | 144 | 290 | 3.42 [ 12.5 | 2.03 | 0.50 | 2.07 [ 034 | 1.30 | 023 [ 0.67 | 0.08 | 0.50 | 0.08 | 613 | 576 | 67.1
‘Xigaog)e 159 (323 [3.69 | 134 | 2.15 | 0.74 | 2.20 | 0.36 | 1.46 | 0.25 | 0.92 | 0.09 | 0.56 | 0.08 | 67.5 | 6.66 | 74.1
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Table 2. Continued

SSOAOF ZOIMTX|2| S|ER 24 S bW SZ 0

S(aD‘;‘g)e La | Ce | Pr |Nd|[Sm|Eu|Gd| Tb Dy | Ho | Er | Tm | Yb | Lu | LREE | HREE | TREE

GIST

2018.01.03]1.05[1.9410.19[0.73[ 0.14[0.05 [ 0.17] 0.02 [0.10] 0.02 | 0.05 [ 0.01 | 0.05 [ 0.01 | 405 | 046 | 451
2018.01.04| 1.78 | 3.08 [ 034 | 121|021 [0.07| 0.26] 0.03 [0.14 | 0.03 [ 0.07 | 0.01 | 0.07 | 003 | 662 | 073 | 7.35
2018.01.05| 0.66 | 1.07 | 0.11 0.38] 0.08 |0.02[0.09] 0.01 [0.05| 0.01 | 0.03 [<0.01] 0.03 [<0.01] 229 | 025 | 2.54
2018.01.06| 0.68 | 1.21]0.1410.49]0.09 [0.03 [ 0.11] 0.01 [0.07| 0.01 | 0.04 [<0.01] 0.03 [<0.01] 261 | 031 | 292
2018.01.07|0.63 | 1.08 [0.11 [0.370.07|0.02 | 0.10] 0.02 [0.07 | 0.01 | 0.04 [<0.01] 0.03 [<0.01] 226 | 029 | 2.55
2018.01.08| 1.04 | 1.52[0.16 [0.55 | 0.09 [ 0.02 | 0.10] 0.01 [0.07 | 0.01 | 0.03 [<0.01] 0.03 [<0.01] 335 | 028 | 3.63
2018.01.09|0.60 | 0.90 | 0.10 | 0.34] 0.06 | 0.01 | 0.07] 0.01 [0.04 | 0.01 | 0.02 [<0.01] 0.02 [<0.01] 200 | 018 | 2.18
2018.01.10]032 ] 0.620.05 020 0.04 | 0.02[0.07] 0.01 [0.05| 0.01 | 0.02 [<0.01] 0.02 [<001] 123 | 020 | 1.43
2018.01.11| 026 | 042 [0.04 | 0.13 | 0.03 | 0.01 | 0.04] 0.01 |0.04 | 0.01 | 0.02 [<0.01] 0.01 [<0.01] 089 | 0.14 | 1.03
2018.01.12]038 | 0.56 [ 0.04 | 0.17| 0.04 | 0.03 | 0.04] 0.02 |0.03 | 0.01 | 0.02 [<0.01] 0.02 [<0.01] 120 | 0.18 | 1.38
2018.01.13]0.70 | 1.01 0.08 | 0.28 ] 0.06 |0.04 [ 0.08] 0.02 [0.06 | 0.01 | 0.03 [<0.01] 0.02 [<0.01] 2.14 | 025 | 239
2018.01.14/0.78 | 1.02]0.08 [ 034 0.070.02[0.09] 0.01 [0.06 | 0.01 | 0.03 [<0.01] 0.02 [<0.01] 230 | 025 | 2.55
2018.01.15/0.73 | 1.12]0.10 | 0.35 ] 0.06 | 0.03 | 0.08 | 0.01 [0.06 | 0.01 | 0.03 [<0.01] 0.02 [<0.01] 236 | 025 | 261
2018.01.16|0.24 | 041 0.03 | 0.10] 0.03 |0.01 [ 0.03] 0.01 [ 0.03 |<0.01] 0.01 [<0.01] 0.01 [<0.01] 082 | 011 | 092
2018.01.17/094 | 1.76 | 0.17 | 0.65 | 0.12 | 0.03 | 0.12] 0.02 [ 0.08 | 0.01 | 0.04 [<0.01] 0.03 [<0.01] 3.63 | 034 | 397
2018.01.18|4.03 | 6.57|0.67| 240|040 [ 0.10[0.49] 0.05 [031] 0.05 | 0.14 [ 0.02 | 013 [ 002 | 141 | 131 | 154
2018.01.190.14 | 0.26 | 0.03 | 0.08 | 0.02 | 0.01 [ 0.02] 0.00 | 0.00 |<0.01[<0.01 [<0.01|<0.01[<0.01] 052 | 004 | 056
2018.01.20| 263|436 045 | 1.64|0.290.07|0.32] 0.04 021 ] 0.04 [ 0.11 | 0.01 | 0.09 | 0.01 | 937 | 090 | 103
2018.01.21|3.82 | 642|068 |248]0.39|0.11[0.44] 0.06 [ 028 | 0.05 | 0.15 [ 0.02 | 0.11 [ 002 | 138 | 124 | 150
2018.01.22/0.23 040 | 0.04 | 0.15] 0.03 | 0.01 | 0.03|<0.01] 0.02 |<0.01| 0.01 [<0.01] 0.01 [<0.01] 085 | 007 | 092
2018.01.23|0.24 | 043 0.04 | 0.16] 0.03 | 0.01 | 0.03[<0.01] 0.02 | 0.01 | 0.01 [<0.01] 0.01 [<0.01] 091 | 009 | 099
2018.01.24| 026 | 0.52 | 0.06 | 0.21]0.04 | 0.01 | 0.04] 0.01 [0.03 | 0.00 | 0.01 [<0.01] 0.01 [<0.01] 1.08 | 0.12 | 120
2018.01.25]0.62 | 1.17[0.13 [ 047 | 0.09 | 0.03 | 0.08] 0.01 |0.05 | 0.01 | 0.03 [<0.01] 0.02 [<0.01] 247 | 024 | 271
2018.01.26| 1.09 | 2.05 [0.22 | 0.81]0.16 |0.05 [ 0.18] 0.02 [0.12] 0.02 | 0.06 | 0.01 | 0.06 | 0.01 | 434 | 052 | 4386
2018.01.27]0.51[0.96 [0.10 (037007 [0.03 [ 0.07| 0.01 |0.04 | 0.01 | 0.03 [<0.01] 0.02 | 001 | 2.00 | 022 | 2.22
2018.01.28 031052 0.06 [0.19]0.04 [0.01 [ 0.05| 0.01 |0.04 [<0.01] 0.01 [<0.01] 001 [<001| 1.13 | 0.14 | 127
2018.01.29 (235 [4.62[0.48 [ 1.84]032[0.09[037] 0.05 [ 026 | 0.05 | 0.13 | 0.02 | 0.10 | 001 | 9.61 | 1.07 | 107
2018.01.30]2.00 [ 3.96 [ 0.44 [ 1.61 030 0.08 [ 031 0.04 | 021 | 0.04 | 0.11 | 0.01 | 0.09 | 001 | 831 | 090 | 9.20
2018.01.31(3.06[5.03[049[1.79]032]0.10[032] 0.05 [ 0.18 | 0.03 | 0.10 | 0.01 | 0.08 | 0.01 | 107 | 088 | 11.6
2018.02.01|2.17[4.04 [ 054 2.10]028 [0.09 [ 031 0.05 [ 020 0.04 | 0.11 | 0.01 | 0.09 | 001 | 9.13 | 090 | 100
’?rvliga(ie 1.14]1.97 021 0.75]0.13 | 0.04 | 0.15| 0.02 | 0.10 | 0.02 | 0.05 | 0.01 | 0.04 | 0.01 | 420 | 043 | 463
20189 1€ F FF AR A FIER 57t /M & 74 Ae] B3t | AEE 2ok
292 19 18U (154 ug/kg)ol ™ 5742 F9- 149 28Y o

_ _ (2) PAAS—E 3} 3 EA

(301 pg/kg)] ATk 1€ 28 0] 5 F=£9] u|A|HA| f F
YR BEL PF FEAG gt g EHE ST b d EEAd 2 A PAAS 3
(9.20-11.6 ug/kg). 0= HAEL Eal| F3o| A g0 F3 B2 njA|HA] ZYA] g Aol de &

Z ol AHA7 4 E AR FE Thee and Yeum,
2008). 733 3 o) AR o] W ATER/FHE
% Ul 220,143 9772 F 3= 5] B]3) AT

L5131 QITh(Liu et al, 1994; Honda e al., 2004; Zdanowicz
et al., 2006; Lee and Youm, 2008). PAAS-3 3}
Sl F =A T u A A Y B RS Had
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Fig. 1. Post Archean Australian shale-normalized REE patterns for atmospheric particulates: (a) the Beijing (PKU CP) and

(b) the Gwangju (GIST).

Slof| W2 4T WAES Lol 4= QTh(Fig 1). 7 AT Al
ZO A B F(+)2] Eu o427} gelE gl on, thE
Q1ze0] )8 Tbo} B @14 -8k Qb4 weltkig 1),
olelg B4 % w A 7Hol AR o BES U i
7} D5 Q9L o1 Eehee and Youn,
2008; Ferrat et al., 2011).

(3) Eugt Ce o]443]

Buth Cel T}2 3|5 940} 2he] AHSHEHE] 317
o 4 Ak wakE Fo) 54 BE U HotE EAS

Zt =t} (Taylor and Mclennan, 1995; Laveuf ¢f al, 2008;
Han ez al.,, 2009; Hannigan ef al., 2010). T AR Z] W Eue}
Ce |4 2] &= Th2 4] (Blderfield, 1988; Han e al, 2009y
ol AlArE

2 (E u.Yamp/e / E uFAAS)

Eu/Eu" =
i (SmSample/ SmBMS + GdSampIe/ GdBMS)

1

2(Cesample/ CeEﬁiAS)
(LaSample /LaF%AS + PrSample/PrPAAS)

CelCe" = 2)
574 A5 Y Eu 0]4F#](1.09-3.77)2} F== Al & Y Eu
0] AF2] (1.05-3.23) = B 1 H T} 2 OF(+)9] Fu 0|4 S
oIt} 27 Ce O] 4K (0.89-1.00)2} B3 Ce 0] 4
2](0.85-1.00)= & &(1)9] Ce o)A S Bt} F &
K] Al 5ol A1 9] ©-2] Ce 0] 4kE: A} IOl A Ce 7t
Ce0,2 225 o] HASHA it o) % 19| v]
AR S ghed g o] AlRhE= e o] G ek

7] W20l Eu ol A= 719 & 54+
40] ST (Tang eral, 2013). Wb BA T} 35
K9] F LR 2] EBu ol A= 7 A1 vAH A €] 7]
Qo] §AIHE ol

(4) =A] 7t B ER an|

PAAS-EF3HH 3| B YAt A (La/Yb)y,
(Gd/Ex)y, (Bu/Ew)y, La/En)y, (La/Gd)y)= UIAIHA]
A} 279} U 719 21 5 e A2 A
£5) 2= QI T} (Ferrat of al, 2011). B-7 L 333 A 2] 4]
9] (Gd/Ex)y, (Fu/Fu)y, (La/Ex)y, (La/Gd) 419k 4138 &1
“(Yang et al.,, 2007; Ferrat et al, 2011; Tang et al., 2013)2}
O HlIE Sl F E=A| 1 A A9 7] H e Bels)
ATt Fig. 2). WA, (Gd/EnyI (Bu/Eu)y ] A
Falo] £ £ AR o] AAE AL B &
on 19219, 249, 2899 B AR 19 1Y
B A B T EAQl Zhangbei©] 31, 14 39,79
9] BA A 2% Hunshandake desert] ZFa} G-AFs}S3 Tk
URRE7RA 2 (La/Ex 3 (La/ G &) S BEAIE 551
57 A& 1 T A|(Zhangbei, Fengning, Miyun)2} AF

1o %o u

b 2l 37 9] (China deserts, Chinese loess plateau, Tibetan
plateau, Hunshandake desert)o]] JFS gt= 7102 &
o)

=
+ lon, FF AR GA B AR A HE A
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Fig. 2. Plots of (a) (Gd/Er)y vs (Eu/Eu*)y and (b) (La/Er)y vs (La/Gd)y
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. Data for China desert, Chinese loess plateau, and

Tibetan plateau are from Ferrat et al. (2011). Data for Bejing, Zhangbei, Fengning, and Miyun dust from Tang et al.
(2013). Data for Hunshandake desert from Yang et al. (2007). The subscript N indicates that values are normalized

to PAAS.
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