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The background concentration of rare earth element and its impact factor in soil of Shenzhen City. XI Xiu-ping'?, ZHAO
Shu-hua'?, YANG Kun'?, ZHAO Yan'?, LIAO Man'?, WU Jing-ya'?, LI Ting'? LUO Fei'”" (1.Shenzhen Academy of
Environmental Science, Shenzhen 518001, China; 2.State Environmental Protection Key Laboratory of Drinking Water Source
Management and Technology, Shenzhen 518001, China). China Environmental Science, 2021,41(5): 2362~2373

Abstract: For the purpose of studying the environmental background concentration and spatial distribution characteristics of rare
earth element in soil of Shenzhen, 450 soil surface sample sites and 50 typical soil depth profile sample sites were selected in the
scope of basic ecological control line which was not or little affects by the human being. 500 top soil samples and 100 sectional
samples were collected by unit-multi increment sampling method. The results showed that the range of the environmental
background concentrations of REE in topsoil of Shenzhen was 23.66~1246.26mg/kg, the arithmetic average value was 285.99mg/kg,
which was higher than that in soil of China and Guangdong province. The top soil of Shenzhen was enriched-type of light rare earth
element, and the spatial distribution patterns of concentration of REE was high the west and low in the east. The sequence of 95%
fraction value of REE concentration in different soil types was lateritic red soil > red soil > yellow soil. The order of 95% fraction
value of REE concentration in different parent rocks was metamorphic rock> granite > gneiss > tuff lava > gravel shale > grey
limestone. The order of 95% fraction value of REE concentration in different levels of soil profiles was under layer > middle layer >
surface layer. The REE background concentration raised with the increase of soil depth, which showed a characteristic of
accumulation on the bottom. The parent rocks was probably the first influential factor of REE background concentrations in soil, as
which was remarkable higher in soil developed by granite than that by gravel shale. Different soil types also might affect the soil
REE background concentration. The REE background concentration was higher in lateritic red soil than in red soil, which were
derived from the identical parent rock. Canonical correlation analysis showed a significantly positive correlativity was found between
Fe, Al and light rare earth element as well as between Mn and heavy rare earth element, while the correlativity between soil pH as
well as clay particle and soil REE background concentration was weak. The result was also indicated the inheritance of soil REE
from parent rock.

Key words: soil; rare earth element; background concentration; impact factors
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Table 1  Statistics of rare earth elements environmental background concentrations in top soil of Shenzhen (mg/kg)
G i PG vt i HARFHMH JUTFE M
M S%MH 10%f0 25%fMH  PAE 75%MH 90%fH  95%fH KM CFIME Aadix P AR
La S 2.93 8.48 11.80 19.30 35.10 63.15 91.42 125.00  295.00 46.89 39.27 34.44 2.24
Ce XHEIER 8.83 24.50  32.68 57.40 106.00 160.25 22410 265.10 773.00 120.32 86.53 93.87 2.11
Pr S 0.70 2.01 2.90 4.51 7.39 13.95 20.98 29.31 76.70 10.73 9.51 7.80 2.24
Nd S 1.13 6.00 8.91 15.48 26.65 52.25 79.92 112.02  295.00 39.42 36.95 27.35 241
Sm S 0.22 1.16 1.65 2.89 5.21 9.89 15.81 21.42 60.10 7.52 7.09 5.17 2.44
Eu B 0.08 0.15 0.20 0.37 0.68 1.17 2.14 2.56 7.52 0.94 0.88 0.66 2.37
Gd MHEIER 0.63 1.62 2.02 3.06 4.91 8.38 13.21 17.51 43.00 6.59 5.37 5.04 2.08
Tb MEIER 0.03 0.20 0.27 0.42 0.70 1.20 2.12 3.00 7.43 1.01 0.94 0.72 2.26
Dy MEIER 019 1.10 1.43 2.31 3.82 6.72 12.00 16.61 40.60 5.64 5.52 3.98 2.29
Ho MEIER 0.06 0.25 0.31 0.49 0.74 1.28 2.37 3.36 7.62 1.11 1.10 0.80 2.22
Er MEIER 0.26 0.76 0.96 1.43 2.15 3.70 6.87 9.88 22.30 3.26 3.15 2.38 2.14
Tm MEIER 0.06 0.15 0.17 0.25 0.37 0.62 1.17 1.66 3.97 0.56 0.53 0.42 2.08
Yb MHEIER 031 0.96 1.16 1.64 2.50 4.32 8.14 11.40 26.50 3.78 3.60 2.78 2.12
Lu MEIER 0.06 0.17 0.19 0.27 0.41 0.68 1.29 1.73 4.12 0.59 0.54 0.45 2.06
Y MEIER 430 8.07 10.60 16.50 25.60 47.10 77.17 104.05  384.00 37.62 35.81 27.50 2.17
Sc MEIER 1.93 4.70 533 7.09 10.15 13.20 16.80 19.00 49.60 10.71 5.01 9.68 1.58
REE / 23.66  76.11  92.79 146.92 23444 37645 53276 69030 1246.26 28599 193.06 229.84 1.98
LREE / 17.67  56.41 69.03 110.30  187.08 308.05 429.42 565.42 104190 22582 15847 177.56 2.06
HREE / 5.99 14.05 18.46 28.78 42.15 73.51 126.93  160.27  397.00 60.17 52.17 45.53 2.08
L/H / 0.15 1.54 1.98 2.90 3.85 5.58 7.90 9.90 26.29 4.61 2.93 3.90 1.81
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Fig.2 Spatial distribution of rare earth elements environmental background concentration in top soil of Shenzhen
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Table 2 Statistics of REE environmental background concentration from different soil types in Shenzhen (mg/kg)
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Table 3  Statistics of REE environmental background concentration in soil developed by different parent rocks in Shenzhen(mg/kg)
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Fig.5 The standard curve of chondrite of rare earth element in

soil developed by different parent rocks in Shenzhen
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Table 4  Statistics of REE environmental background concentration in different levels of soil profiles in Shenzhen (mg/kg)
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Fig.6 The vertical distribution of REE environmental
background concentration in different soil types and

different parent rocks from Shenzhen
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Fig.7 The standard curve of chondrite of rare earth element in

different levels of soil profiles in Shenzhen
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Table 5 Canonical correlation analysis between rare earth element environmental background concentrations and physical and

chemical properties of soil as well as the macro element in topsoil

UL PRI AR Fitc AEAR
U, U, Us U, 14 v, Vs v
pH fi 0.08 0.23 0.28 -0.05 La -0.37 0.42 0.57 0.39
HHUB -0.01 -0.08 -0.05 -0.16 Ce -0.29 0.73 0.10 0.12
PH 25 1A He it -0.21 -0.21 -0.29 -0.24 Pr -0.33 0.48 0.51 0.40
Fikr -0.46 0.21 -0.34 -0.29 Nd -0.33 0.49 0.51 0.39
il 0.12 0.09 0.82 -0.32 Sm -0.30 0.54 0.53 0.37
i 0.17 0.26 0.57 0.54 Eu -0.55 0.20 0.49 0.44
G -0.25 0.91 -0.15 0.01 Gd -0.33 0.53 0.62 0.30
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i -0.36 0.36 0.58 -0.04 Ho -0.17 0.50 0.72 0.01
- - - - - Er -0.12 0.53 0.70 -0.05
- - - - - Tm -0.06 0.55 0.67 -0.11
- - - - - Yb -0.03 0.58 0.64 -0.12
- - - - - Lu -0.00 0.60 0.62 -0.14
- - - - - Y -0.03 0.62 0.30 -0.20
- - - - - Sc -0.95 0.17 -0.07 -0.19
AN (%) 0.16 0.13 0.18 0.07 - 0.13 0.27 0.32 0.07
AR (%) 0.13 0.08 0.05 0.01 - 0.10 0.16 0.09 0.01
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