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Geochemical Characteristics and Source Apportionment of Rare Earth Elements

in the Dustfall of Quanzhou City

ZHANG Zong-wei', YU Rui-lian' , HU Gong-ren' " , HU Qi-chao' , WANG Xiao-ming

(1. Department of Environmental Science and Engineering, College of Chemical Engineering, Huaqiao University, Xiamen 361021,
China; 2. Center of Analysis, Beijing Research Institute of Uranium Geology, Beijing 100029, China)

Abstract: Rare earth elements ( REE) have certain properties as tracing elements which result in their special geochemical
characteristics. In order to study the geochemical characteristics of REE in the dustfall and their sources, 34 dustfall samples were
collected in five functional areas and potential source areas of Quanzhou City, then REE compositions, distribution patterns and

characteristic parameters were analyzed together with ternary diagrams and characteristic parameter diagrams, for investigating the main
provenance. The results showed that z REE in the dustfall presented significant spatial difference with the sequence of industrial area
> heavy traffic area > commercial area > residential area > agricultural area. The lower coefficient variation of z REE in residential,
heavy traffic, commercial areas indicated homogeneous sources of REE. The chondrite-normalized REE patterns were all of the
rightward inclined type with the enrichment of LREE relative to HREE and showed obvious negative Eu anomalies which indicated that
the dustfall in study area had obvious terrigenous property. Some REE characteristic parameters in each functional area were close to

the average in potential source areas, failed to reveal the causes for spatial differences. The results of LaCeV diagram demonstrated that

REE in the dustfall of residential area, heavy traffic area and commercial area were mainly derived from traffic source and soil dust,
followed by coal combustion, 8Eu vs. Z REEs diagram and HREE/MREE vs. Lay diagram further explained that vehicle emission

was the main anthropogenic source of REE in the dustfall of heavy traffic area and commercial area. The REE in the dustfall of
Quanzhou City was less affected by steelworks emissions and cement plant dust and there were additional REE sources in the dustfall of
industrial and agricultural area different from other functional areas.

Key words: dustfall; rare earth elements; geochemical characteristics; source apportionment; Quanzhou City
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Fig. 1 Schematic graph of sampling points of dustfall

in Quanzhou City

1.2 WTEURRE SRR

TEYH A A SN T sgad ol 2 30 4 43 A Ik
B0, Z5 G AT Ry | BE TR I R A ] R AR AE DV E A
FICRTG YR CRAERER A A R UK
KIS IR R Reas CIRIL 5 R TE TS YL U
AR BRI IR A 2 SRR RER
SA(TnP | TD) FERE AR KA 9 1] g K # IXUIT
[i] , 6 BUCAE 7 DX A 38 Ui et K A °F LU % T D % 7 Ve
B PR RE SRR R R v FH B Rl 451 4E g 3 P
B BRI AT B B BRI K[ TR
(A) TF(T) ], KJe) &K (CC, CCF) ., Mk ke
45 KR (SSF | SFF) R J& 3= 5 XUI, 43 i 7 SR M
GIRIRIERE ) 2R ELA Sk KR T DL AR T Y
TRUBEE, RSB EE R 1.5 ~2.0 m F5Y) L3
R R s ] Ao AR AR 3 i A A DX R S 30 10 km {E BT Y
I 53 A A 05, SR AN AR L (PT4-
1, P74-2)1E 9 AR TE. DL b TR AR TERE S 240 3 2 49
Mri SR 725 FH R 2OK.
1.3 FES B HTI e

R S5V AR VR RE i 3 H HCL-HNO,-HF-H, 0, 7
P i, FH R RS B 45 B I 5T 9% 4 (ICP-MS,



4506 7N 35

B % 37 %

Perkin Elmer ELAN DRC-e) Il 5% + 76 & (La, Ce,
Pr. Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu) B & . rbrid #2 v F AR AE ESS-3 175

TP 0 2 T S R U 4 RE AR 22 AE AT
W, 20 E M E T 22/ T 5% , 45 0 KK BR L
#1.

F1 HBLaTERHBR/ng-mL™!
Table 1  Detection limit of REE/ng-mL !

La Ce Pr Nd Sm Eu Gd

Th Dy Ho Er Tm Yb Lu

0.0017 0.0072 0.0009 0.0028 0.0011 0.0005 0.0013 0.0003 0.0009 0.0003 0.0008 0.0001 0.00038
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Table 2 REE contents in the dustfall from different functional areas and potential sources in Quanzhou City/mg-kg ™"
o7& (=852 La Ce Pr Nd Sm Eu Gd Tb Dy
2 46.54 85.87 7.413 28.66 4.693 0.9562 5.244  0.5048 3.879
13 47.07 86.66 8.064 28.50 4.741 0.9427 5.198 0.5227 3.573
19 56.10  111.1 9.446 33.85 5.330 1.086 5.880  0.5552 3.878
A2 AL X J15 50.27 92.30 8.752 32.56 5.379 1.144 5.726 0.605 4 3.988
J3-1 55.02 91.71 9.560 33.08 5.490 1.065 6.012 0.5872 4.052
Ji6 52.01 96.45 9.660 34.73 5.242 1.103 5.773 0.569 0 4.012
THE 51.17 94.01 8.816 31.90 5.146 1.049 5.639 0.557 4 3.897
J1 34.29 61.91 6.504 21.68 3.516 0.8326 3.998 0.3972 2.837
J7 33.43 61.81 6.599 20.47 3.605 0.757 4 3.834  0.3672 2.698
JEAEIX J13 35.37 60. 60 6.816 21.53 3.390 0.793 5 4.008 0.3745 2.696
152 36.38 65.83 5.836 20.12 3.836 0.740 0 3.214  0.4960 2.954
J53 30.20 60.23 6.502 22.32 4.168 0.898 0 3.448 0.5700 3.320
X 33.94 62.08 6.451 21.22 3.703 0.804 3 3.700  0.4410 2.901
J4 35.72 67.10 6.567 21.95 3.679 0.9374  4.450  0.4067 2.942
J8 47.56 86.76 7.754 28.73 4.624 0.946 9 4.981 0.5087 3.774
J10 43.99 80.56 6.567 23.44 3.662 0.9616  4.090  0.5662 2.984
il X Ji1 47.76 89.16 7.400 26.87 4.385 0.9458 4.989 0.5082 3.612
J12 38.87 71.91 6.920 23.67 3.660 0.7958 4.225 0.4421 3.405
J14 38.90 71.70 7.598 26.75 4.292 0.9050  4.719 0.4597 3.548
XY 42.13 77.86 7.134 25.23 4.050 0.9154  4.576 0.4819 3.377
1231 109.3 205.6 13.37 44.72 8.706 1.816 7.266 1.096 6.414
1232 65.06  107.3 7.794 23.30 4.566 0.9020  4.030  0.5780 3.376
TALX 233 158.3 246.6 16.93 35.54 6.954 1.292 6.170  0.7060 3.936
7 73.27 126.6 13.83 49.90 7.265 1.066 8.724  0.7890 3.269
J18 64.94  118.3 12.32 44.91 7.288 1.198 8.232 0.8590 3.606
EHIE 94.16 160.8 12.85 39.67 6.956 1.255 6.884 0.8056 4.120
138 25.14 47.47 5.062 17.30 2.916 0.456 0 2.384  0.3700 2.192
ol IX. 139 31.44 58.45 6.310 22.38 3.694 1.104 3.272 0.460 0 2.616
SEXH 28.29 52.96 5.686 19.84 3.305 0.780 0 2.828 0.4150 2.404
R ke i B 52.37 93.82 8.482 28.62 4.795 0.9852  4.995 0.5541 3.4816
TnP 45.60 89.10 9.330 33.90 5.830 1.020 4.980  0.9060 3.840
HERARA D 43.90 84.00 9.300 35.10 6.130 1.170 5.060 1.060 4.370
THE 44.75 86.55 9.315 34.50 5.980 1.095 5.020  0.9830 4.105
TF(A) 34.40 65.50 8.050 33.00 6.990 1.420 6.140 1.370 7.040
PRI RO TF(T) 46.50 76.50 10. 40 41.50 7.950 1.400 6.500 1.330 5.650
FHIE 40.45 71.00 9.225 37.25 7.470 1.410 6.320 1.350 6.345
cC 16.90 31.00 3.490 13.10 2.320 0.4540 2.290  0.4600 2.080
KRS CCF 16.20 28.30 3.490 13.10 2.420 0.546 0 1.960  0.3910 2.050
X 16.55 29.65 3.490 13.10 2.370 0.500 0 2.125 0.4255 2.065
SSF 19.30 30.70 3.980 15.10 2.640 0.599 0 2.410  0.4730 2.140
BRI AE K SFF 15.30 27.50 3.300 12.90 2.300 0.5280 2.020 0.4580 1.900
X 17.30 29.10 3.640 14.00 2.470 0.563 5 2.215 0.4655 2.020
P74-1 52.80 89. 60 10.20 38.80 6.680 1.410 5.640 1.010 5.710
+gek P74-2 54.00 92.10  10.20 39.50 6.600 1.350 5.690 1.060 5.830
SFHME 53.40 90. 85 10.20 39.15 6. 640 1.380 5.665 1.035 5.770
ERBLI A (E 0.315 0.813 0.115 0.597 0.192 0.0722 0.259 0.047 3 0.325
hiE B Ho Er Tm Yb Lu > LREE > HREE > REE
2 0.8347 2.622 0.4125 2.511 0.4373 174.1 16.45 190.6
13 0.7615 2.373 0.405 1 2.345 0.403 0 176.0 15.58 191.6
J9 0.8780 2.968 0.478 4 2.990 0.5187 216.9 18.15 235.0
A FATIIX J15 0.8995 2.820 0.4376 2.854 0.5007 190.4 17.83 208.2
J3-1 0.9059 2.684 0.446 0 2.703 0.4893 195.9 17.88 213.8
Ji6 0.944 6 2.922 0.4345 2.781 0.453 0 199.2 17.89 217.1
SEHME 0.8707 2.732 0.4357 2.697 0.4670 192.1 17.30 209.4
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k2
hiE B Ho Er Tm Yb Lu > LREE > HREE > REE
1 0.6758 2.041 0.3087 1.874 0.3621 128.7 12.49 141.2
77 0.609 4 1.925 0.2953 1.850 0.3077 126.7 11.89 138.6
R J13 0.5920 1.957 0.2907 1.722 0.2972 128.5 11.94 140. 4
J52 0.5500 1.688 0.2320 1.552 0.2380 132.7 10.92 143.7
J53 0.6480 2.032 0.2800 1.806 0.2800 124.3 12.38 136.7
SEXME 0.6150 1.929 0.2813 1.761 0.2970 128.2 11.93 140. 1
J4 0.6955 2.185 0.3250 1.917 0.3224 136.0 13.24 149.2
J8 0.8123 2.483 0.4032 2.528 0.427 4 176. 4 15.92 192.3
J10 0.6327 1.911 0.3026 1.851 0.3192 159.2 12. 66 171.8
Tl X Ji1 0.760 6 2.538 0.383 1 2.175 0.4077 176.5 15.37 191.9
J12 0.7853 2.373 0.3926 2.336 0.4079 145.8 14.37 160.2
J14 0.770 1 2.370 0.3462 2.114 0.37138 150.1 14.70 164.8
SEE 0.7428 2.310 0.3588 2.153 0.376 1 157.3 14.38 171.7
1231 1.252 4.028 0.5340 3.608 0.5440 383.4 24.74 408.2
1232 0.6720 2.214 0.3260 2.448 0.408 0 208.9 14.05 222.9
T 1233 0.7820 2.330 0.3020 1.962 0.3100 465.5 16.50 482.0
J17 0.5730 1.709 0.2150 1.617 0.2410 271.9 17.14 289.1
J18 0.6740 1.954 0.2890 1.905 0.3290 248.9 17.85 266. 8
EHME 0.7906 2.447 0.3332 2.308 0.366 4 315.7 18.06 333.8
38 0.4020 1.340 0.1680 1.164 0.168 0 98.35 8.188 106.5
Al X 139 0.4880 1.546 0.1820 1.204 0.198 0 123.4 9.966 133.3
SEXE 0.4450 1.443 0.1750 1.184 0.1830 110.9 9.077 119.9
R i B (E 0.7333 2.292 0.3412 2.159 0.3642 189.1 14.92 204.0
TnP 0.799 0 2.470 0.449 0 3.470 0.5390 184.8 17.45 202.2
HKAERAL D 0.9290 2.790 0.503 0 3.510 0.5580 179.6 18.78 198.4
EHME 0.8640 2.630 0.476 0 3.490 0.5485 182.2 18.12 200.3
TF(A)  1.470 4.060 0.7830  4.740 0.7720 149. 4 26.38 175.7
PRI )T TF(T) 1.290 3.630 0.7170 4.220 0.6070 184.3 23.94 208.2
SEHME S 1.380 3.845 0.7500  4.480 0.6895 166.8 25.16 192.0
cC 0.4420 1.360 0.196 0 1.750 0.2410 67.26 8.819 76.08
VI STARAY/3 CCF 0.4050 1.310 0.2990 1.630 0.2740 64.06 8.319 72.38
TFHME 0.4235 1.335 0.2475 1.690 0.2575 65. 66 8.569 74.23
SSF 0.4220 1.390 0.2350 1.770 0.2390 72.32 9.079 81.40
HRRT 45K SFF 0.4230 1.060 0.2150 1.380 0.2100 61.83 7. 666 69.49
TFHME 0.4225 1.225 0.2250 1.575 0.2245 67.07 8.373 75.45
P74-1 1.110 3.600 0.6040  4.600 0.753 0 199.5 23.03 222.5
+ged P74-2 1.140 3.620 0.6110  4.250 0.6970 203.8 22.90 226.6
FHME 1125 3.610 0.607 5 4.425 0.7250 201.6 22.96 224.6
ERAL I A (H 0.0723 0.213 0.0333 0.208 0.0323 2.104 1.190 3.294

TH X EE A T RE X R 2 5 AR R A T R B4 il
& RBIRERS A, Rl IR TR
A SR N T KA AR R £ T ) ORI
2.3 REE $:E3%(

I + e REES B — @ B LT AR
X ApR R S TE TS YL IR 1Y 22 5% REE FRIFE S8 2 22
f14% > LREE/ > HREE (LR/HR) . 3Ce[ Ce 5
HAH = Cey/(Lay x Pry)*°, Fhr N ARRBRKLI A bR
HEALAE, TR ], 8Eu[ Eu 5% {8 = Euy/( Smy X
Gdy)*]. (La/Yb) . (La/Sm) . (Gd/Yb) . Sm/

Nd. Eu/Sm, La/Ce. La/Nd Fl Ce/Nd %. RM A
[F] Dy B DX AR A R AR TR - T RAFRIE ST
HLFE 3. FrAhEEX T LR/ZHR(10. 78 ~ 17. 68 ) Al
(La/Yb) (19. 01 ~43. 38) F-YE# k= , J@ 5 #s +
AR, B ON R TR AR AR, RIAMFITIX
KAREA ELA 30 0 B U5 JE M i DI RE X Y
SEu “EHIETEE K 0.57 ~0. 76, 4% X W4 2= B h 11
Sy Tk KRR X8 s 1 00 28 3 BE R IE S 80
[LR/HR, (La/Yb). (La/Sm). (Gd/Yb). La/
Nd ] VM8 5V AE IR AH 22 5K, U BH X R X AT B A7
AR IR, £ DR X R SIS TETE Y SEu, La/
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Fig. 2 Box plot of REE, Z LREE, Z HREE and Z REE contents in the dustfall from different functional areas of Quanzhou City
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Table 3 Summary of REE characteristic parameters in the dustfall from different functional areas and potential sources

WH %M LR/HR  8Ce dFu (La/Yb)y (La/Sm)y (Gd/Yb)y TLa/Ce La/Nd Ce/Nd Sm/Nd  FEu/Sm
min  10.59  0.94  0.57 17. 61 9.35 1.97 0.51 1.50  2.77  0.15 0.19
25 AT X max  11.95 1.13  0.64 20. 35 10. 53 2.22 0.60 1.66 3.28  0.17 0.21
n=6 mean 11.10  1.04  0.60 19.01 9.94 2.10 0.55 .61 295 0.16 0. 20
CV% 4.46 6.36  3.82 5.39 3.77 5.05 5.5 431  6.70 3.8l 3.41
min  10.04  0.91  0.63 16.72 7.25 1.91 0.50 1.35 2.70  0.16 0.19
JEAEX max  12.15 1.06  0.73 23. 44 10. 43 2.33 0.58 1.81  3.27  0.19 0.24
n=5 mean  10.78  0.98  0.67 19.42 9.24 2.10 0.55 .60  2.93  0.17 0.22
CV% 7.58  5.36  5.79 13.57 12.95 7.16 5.44  10.22  7.57  8.38 8.31
min  10.15  0.98 0.6l 16. 64 9.06 1.81 0.53 1.45 268  0.15 0. 20
Rl X max 1258 111 0.77 23.77 12.01 2.32 0.55 1.88  3.44  0.17 0.26
n=6 mean  10.96 1.05  0.66 19.70 10. 43 2.14 0.54 1.67 3.09 0.16 0.23
CV% 8.74 5.00 9.85 13.35 9.74 9.53 1.12  8.61 854 293 10.78
min  13.95  0.93 0.4l 26. 58 8.91 1.65 0.53 1.45 254 0.15 0.15
T X max  28.22 1.26  0.71 80. 66 22.76 5.39 0.64  4.45  6.94  0.20 0.21
n=>5 mean  17.68  1.08  0.57 43.38 13.71 3.30 0.58 2.52  4.26  0.18 0.18
CV%  33.58 11.98 21.30 50. 68 39.90 47.48 7.61  48.90 42.32 13.13  13.87
min 1201 0.97  0.53 21. 60 8.51 2.05 0.53 1.40 2.61  0.17 0.16
gl X max 1238 0.99  0.98 26. 11 8. 62 2.72 0.54 1.45  2.74  0.17 0. 30
n=2 mean  12.20 0.98  0.76 23.86 8.57 2.38 0.53 1.43  2.68  0.17 0.23
CV% 2,14 0.98  41.69 13.38 0.91 19. 87 1,10 2.39  3.49  1.48  44.26
min 9.56 0.97  0.58 12.51 7.16 1.44 0.51 .25 239  0.17 0.17
KERRA
on max  10.59 1.01  0.65 13. 14 7.82 1. 44 0.52 1.35 2.63  0.17 0.19
mean  10.08  0.99  0.62 12.82 7.49 1.44 0.52  1.30 2.51  0.17 0.18
— min 566 0.81  0.60 7.26 4.92 1.30 0.53 1.04 1.8  0.19 0.18
I max 7.70  0.92  0.67 11.02 5.85 1.54 0.61 .12 1.98  0.21 0. 20
mean 6.68 0.87  0.64 9.14 5.39 1. 42 0.57 1.08 .91 0.20 0.19
. ) min 7.63  0.88 0.6l 9. 66 6.69 1.20 0.55 1.24 216  0.18 0. 20
;K:‘Er 8 max 7.70  0.94  0.77 9.94 7.28 1.31 0.57 1.29 2.37  0.18 0.23
mean 7.66  0.91  0.69 9. 80 6.99 1.26 0.56 1.26 2.26  0.18 0.21
S min 7.97  0.82  0.73 10. 90 6. 65 1.36 0.56 1.19  2.03  0.17 0.23
hen max 8.07 0.91 0.76 11.09 7.31 1.46 0.63 1.28 2,13  0.18 0.23
mean 8.02 0.8  0.75 11.00 6.98 1.41 0.59 1.23 2.08 0.18 0.23
o min 8.66 0.90  0.68 11.48 7.90 1.23 0.59 1.36 2.31  0.17 0. 20
fj’fﬂﬁ% max 8.90 0.92 0.71 12.71 8.18 1.34 0.59 1.37 2.33  0.17 0.21
mean 8.78 0.91  0.69 12.09 8. 04 1.28 0.59 1.36 2.32  0.17 0.21
2.4.2 REE FHESHOCR EURERR IR el | BRI T RO B A IX SR G T AN R
(1) 8Fu- > REE JeR401F 10 LR 44 FPZ HRK KoK YT RO B % X B, ik — 2P RS
REE EZORIET HH7 4 | 1RSI

MEBHP  Bu 55 B ZHOR T IRIXEEE B RHIE, A
B 28 8 ol T AN [l A i A SFu B i AN [ B

SERCRBLT L [ DT REE 78 A [F] X R 2 A 22 5
e, 7] 2% 4 32 /I 8Eu- > REE 3G & F& JE 17 U fi

B SN TR MR SRR 3Eu- D REE X
ZE(F5) B, B XA Tk X 2 4k, 55 z,é;trg
X AR, Bk X RSB SR E R
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A B R AR 9T E (MREE) B9 R &5, 4 T 3 52 A
SEu- > REE TR 4516 1 n] etk It X 43 45
IfgIX REE K&, ol DL F A8 75k 73 B8 REE $¥
TES KPR . MREE (Euy +Smy + Gdy + Thy +
Dyy) ,HREE,(Hoy + Ery + Tmy + Yby + Luy). Lay
MARER T REE Bk LA bR 1L i 26 b LREE 192
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