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Geochemical characteristics of rare earth elements in groundwater

of Banji Coal Mine
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Abstract; Rare earth elements possess stable and similar geochemical properties, making them widely
utilized in the study of groundwater—aquifer interactions and geochemical processes. In this study, tak-
ing the Banji Coal Mine in the Huainan Coalfield as the research area, water samples including sand-
stone water, gray overburden water, and mixed water from mined—out areas were collected. These sam-
ples were tested and analyzed for their rare earth element contents, as well as conventional water chem-
istry ions. The objective was to investigate the hydrochemical characteristics of groundwater in the min-
ing area, the distribution of the rare earth element as well as the related controlling factors. The results
showed that the average mass concentrations of Na"+K", ClI”, and HCOj in the groundwater of the
mining area were determined to be 669.1, 820.3, and 344.0 mg/L, respectively. Based on the water
quality types, we classified the groundwater primarily into Cl-Na type, Cl-HCO;—-Na type, and
HCO,;—Na type. Generally, the rare earth element contents in the groundwater fell within a lower con-
centration range. However, three mixed water samples exhibited significant enrichment of heavy rare
earth elements, while most of the water samples demonstrated light rare earth enrichment. Notably, Eu

displayed the highest content, primarily due to its separation from the rare earth element group during
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crystallization and precipitation with calcium minerals. Correlation redundancy analysis unveiled a

linear relationship between Eu and Fe in the groundwater samples of the area. The adsorption of Fe ox-

ides with rare earth might be a significant controlling factor influencing the rare earth element content.

This study is of significance to a comprehensive understanding of the geochemical processes in the

groundwater system of the Banji Coal Mine in the Huainan Coalfield. Furthermore, it provides a scien-

tific basis for the evaluation and management of groundwater in the mining areas.
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Table 1 Mass concentration of major anions and cations and conventional indexes of water samples in the study area

IKALSE B Tt W BE/ (mg - L71) SR AR R A AL I Fe
Hes SKZE pH
Na*+K* Ca* Mg cl- S02" HCO; /(mg+ L") /mV /(pg- LY

1 SY1 663.5 19.07  5.681 843.4 207.0  128.6 1803 7.81 -76 489.5
2 SY2 532.0 15.87  7.094 793.0 13.52  108.4 1416 7.64 -77 354.8
3 SY3 612.5 14.55 6241  839.9 13.61  233.3 1 604 7.92 -74 526.8
4 SY4 653.6 15.02 5274  890.0  30.21 230.0 1709 7.96 -80 327.5
5 SY5 638.0 11.13  3.995 899.3 4545  136.4 1 666 7.88 -82 496.5
6 SY6 626.2 14.84 1025 728.0 29.85  469.3 1 644 7.82 -94 550.1
7 SY7 627.5 1490  10.88 741.4 31.44  451.1 1652 7.53 -78 538.8
8 SY8 646.0 1455 9772 757.4 38.16  457.4 1 695 7.49 -75 503.5
9 SY9 640.3 1439  8.948  753.7 39.41 4423 1678 7.68 -86 4717.9
10 SYI10 633.3 15.04 1237 755.6 3558 4449 1674 7.74 -90 576.2
11 syl 713.5 19.54  19.74 7362 2144  500.4 1954 8.40 -89 260.1
12 SY12 778.8 18.87 2222 822.6 2186  527.5 2125 8.33 -85 381.6
13 TH1 558.5 11.100  5.837 573.0 24.05  517.0 1431 8.38 -88 983.0
14 HHI 847.2 37.62  11.87 1153 2585  101.6 2 359 7.68 -72 1260
15  HH2 883.5 3373 1181 1202 268.0  88.95 2 444 7.77 -76 1057
16  HH3 651.7 2790  13.06  635.6 21.23  667.1 1658 7.70 -70 1114

Ty 669.1 17.10  10.30  820.3  93.10  344.0 1781 7.90 -81 618.6
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Fig. 1 Piper trilinear map of groundwater quality types

in the study area

ST XCRAE S B2 REE W (peg - L") i 3
AR YK H SY7(0.836) .SY6(0.807) .SY9(0.776) .
SY10(0.782) .SY11(0.777) ,SY12(0.774) .SY2
(0.730) \TH1(0.666) .SY8(0.647) .SY3(0.494) .
SY1(0.412) ,SY5 (0.367) .SY4 (0.296) . HHI
(0.176) . HH2 (0.179) . HH3 (0. 185), LREE/
HREE 19 He TR BT 3 DU R s 1 0 2R 19 43
TRRREE 2 3 BRI oE K B R SR Lty
5.407, JuFI7E 0.310 ~ 10.26, HH1 HH2 HH3 =
KB 5 LREE/HREE ¥J/hF 1.0, % B 77 78
HREE & &M 4, B Lk = A REE S 240, HA
KAES FEAE 1.0 Z |, LREE W i 5 45 ( £ 8k
W Eu STERWKE R, Ay LREE JCRWEFEER) , Ul
BHIZA X S A ML T 7K ) REE Fh 2Dk Eu M3,
2.3 HBEImEREHSER

AR FHAC2E BT (NASC) IH—4k i, 3T 7E

®2 HMERMTAKHLITREE

Table 2 Units of rare earth elements in groundwater in the study area pg - L7

B La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Ym Yb Lu

SY1 0.031 0.084 0.016 0.049 0.026 0.111 0.029 0.006 0.020 0.006 0.008 0.005 0.013 0.007
SY2 0.013 0.013 0.008 0.015 0.035 0.560 0.042 0.004 0.009 0.004 0.004 0.005 0.010 0.007
SY3 0.023 0.030 0.010 0.020 0.023 0.314 0.031 0.004 0.010 0.004 0.003 0.005 0.010 0.006
SY4 0.009 0.011 0.007 0.011 0.017 0.179 0.018 0.004 0.010 0.004 0.006 0.005 0.010 0.006
SYS 0.011 0.014 0.008 0.015 0.018 0.237 0.022 0.004 0.009 0.004 0.003 0.005 0.009 0.006
SY6 0.023 0.156 0.007 0.015  0.031 0.503 0.021 0.004 0.017 0.004 0.004 0.005 0.010 0.007
SY7 0.015 0.113 0.007 0.017 0.029 0.578 0.020 0.004 0.012 0.005 0.004 0.008 0.017 0.008
SY8 0.022 0.136 0.008 0.013 0.025 0.347 0.041 0.006 0.014 0.004 0.005 0.006 0.010 0.010
SY9 0.032 0.245 0.008 0.014 0.025 0.357 0.035 0.005 0.016 0.004 0.004 0.007 0.015 0.008
SY10 0.025 0.199 0.008 0.018 0.025 0.407 0.038 0.005 0.017 0.005 0.004 0.006 0.019 0.007
SY11 0.054 0.185 0.007 0.016 0.039 0.389 0.041 0.005 0.013 0.004 0.005 0.006 0.010 0.004
SY12 0.020 0.105 0.009 0.017  0.030 0.502 0.024 0.004 0.011 0.005 0.004 0.008 0.021 0.015
TH1 0.102 0.233 0.033 0.090 0.027 0.074 0.025 0.014 0.021 0.004 0.019 0.007 0.011 0.004
HH1 0.004 0.001 0.009 0.004 0.011 0.014 0.014 0.016 0.016 0.017 0.018 0.018 0.017 0.020
HH2 0.004 0.001 0.008 0.003 0.012 0.018 0.014 0.016 0.015 0.017 0.018 0.018 0.017 0.020
HH3 0.005 0.002 0.007 0.004 0.020 0.018 0.010 0.012 0.019 0.015 0.017 0.016 0.018 0.022
T 0.025 0.095 0.010 0.020 0.025 0.288 0.027 0.007 0.014 0.007 0.008 0.008 0.013 0.010
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Table 3 Geochemical parameters of rare earth elements in groundwater of the study area groundwater of the study area

Y REEs/ LREE/ HREE/ LREE/
FE 5 4 » . (La/Yb) (La/Sm) x (Gd/Yb) Ce/Ce* Eu/Eu”
(pg+ L) (pg - L) (pg+ L) HREE
SY1 0.412 0.317 0.095 3.345 0.239 0.214 1.388 0.835 17.73
SY2 0.730 0.644 0.086 7.523 0.126 0.066 2.499 0.277 63.40
SY3 0.494 0.421 0.073 5.767 0.231 0.175 1.887 0.437 51.60
SY4 0.296 0.234 0.062 3.751 0.087 0.090 1.106 0.296 44.69
SYS 0.367 0.303 0.063 4.802 0.118 0.113 1.450 0.327 52.05
SY6 0.807 0.735 0.072 10.26 0.231 0.133 1.302 2.698 85.16
SY7 0.836 0.759 0.077 9.885 0.086 0.094 0.686 2.317 106.5
SY8 0.647 0.552 0.095 5.791 0.211 0.160 2.383 2.169 47.53
SY9 0.776 0.680 0.096 7.081 0.201 0.229 1.388 3.379 53.10
SY10 0.782 0.681 0.101 6.743 0.128 0.179 1.210 3.164 58.05
SY11 0.777 0.689 0.088 7.831 0.524 0.248 2.451 2.069 43.13
SY12 0.774 0.682 0.092 7.438 0.094 0.118 0.704 1.702 82.05
THI1 0.666 0.559 0.107 5.215 0.861 0.665 1.311 0.876 12.47
HHI 0.176 0.042 0.134 0.310 0.021 0.059 0.501 0.047 4.835
HH2 0.179 0.045 0.134 0.339 0.024 0.064 0.506 0.033 6.068
HH3 0.185 0.056 0.129 0.438 0.030 0.048 0.345 0.073 5.393
S 0.556 0.462 0.094 5.407 0.201 0.166 1.320 1.294 45.86
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Fig. 2 Rare earth element partitioning patterns standardized for North American shales
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Fig. 4 Relationship between hydrological properties and geochemical parameters of rare earth elements in the dissolved state
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