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Abstract:  Objective The leaching agent (ammonium sulfate) causes residues of ammonium nitrogen in the soil of ionic rare
earth mining area.This results in serious nitrogen pollution in the soil and water bodies and destroys the ecological environment in

the mining area. It also endangers the health of the surrounding residents and restricts the mining of ionic rare earth ore. However,
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the ammonium nitrogen pollution situation in ionic rare earth tailings and its impact mechanism are still unclear. =~ Method In
order to understand the enrichment characteristics of soil ammonium nitrogenin in the mining area and its influencing factors, we
chose an in-situ leaching ionic rare earth mining area that has been closed for 4 years in Longnan County, Ganzhou City, Jiangxi
Province. We sampled sites located on the different slopes of the hill. Soil samples were chosen from the soil surface to the
bottom of the ore body, with a depth of 5.5 to 9.7 m. Ammonium nitrogenin and other soil properties in the soil were determined.
Result The results show that soil ammonium nitrogenin content in the mining area ranged from 2.32 to 1056.44 mg-kg ™, and
was several times or even hundreds of times higher than in the natural and farmland soils. Ammonium nitrogenin in the mining
layers with rare earth was higher than in the upper soil, and with wide the variations among different soil layers in the vertical
direction. Also, soil ammonium nitrogenin content in the hill slope followed the sequence of top > bottom > middle slope. The
correlation between soil ammonium nitrogen and the physicochemical properties of ionic rare earth tailings was observed to be
different from the research conclusions of natural or farmland soil. Due to the supersaturation of ammonium in the soil, the
distribution of ammonium nitrogenin is not directly controlled by soil basic physicochemical properties which have an important
influence on the ammonium nitrogen adsorption, such as soil clay, cation exchange capacity, etc. Conclusion The major factors
observed to influence ammonium nitrogen are the depth and amount of leaching solution inputting, and the permeability changes
caused by the soil structure. Mining facilities such as leaching liquid pools, liquid collecting ditch, etc, affect the surrounding soil
ammonium nitrogenin content. Due to gravity, ammonium nitrogen will gradually migrates from the top to the middle and the
bottom of the slope. This causes ammonium nitrogen to accumulate at the bottom of the slope over time. Under the leaching
action of rainfall, a large amount of ammonium nitrogenin in mining area soil will continuously migrate to the surrounding soil
and water, which will harm the ecological environment in the long run. The results of this study are of great significance for
improving the migration process of soil nitrogen in ionic rare earth mining areas and guiding the treatment of ammonia nitrogen
pollution.
Key words: Ionic rare earth ore; Residual leaching agent; Soil ammonium; Ammonium nitrogen enrichment; Ammonium
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Fig. 1 Mine structure, location of sampling points and layout of mining facilities
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F1 HLLEBEESERSEMAMNERIT
Table 1 Descriptive statistics of soil ammonium nitrogen content
FER R /ME FHE PrifE2E
Sample point Max/ ( mg-kg ") Min/ ( mgkg™') Mean/ ( mg-kg™") Std/ (mgkg™!)
GP1 1 056.44 7.50 515.17 288.56
GP2 177.69 2.32 47.96 63.20
GP3 177.36 2.71 76.36 71.47
S Total 1 056.44 2.32 263.12 301.59
2 HlEATIEEBAERER ST
Table 2 Descriptive statistics of soil physicochemical properties in mine
HALFE bR - YNIEL R/ME FME i
Physical and chemical properties” Max Min Mean Std
%5 /K Moisture content / % 26.54 8.08 15.01 4.30
pH 5.38 4.02 4.75 0.36
A% NO; -N/ (mgkg ') 193.99 2.80 46.30 55.16
4% Total nitrogen/ ( g-kg™) 1.80 0.06 0.58 0.03
L 53R Electrical conductivity/ ( pS-cm™") 356.00 8.30 100.57 91.92
FHES T3 e B CEC/ (cmolkg ') 15.67 3.10 7.95 0.34
AL HE R T A
1.67 0.18 0.73 0.16
Total exchangeable base ions / ( cmol-kg ')
A HLIT Soil organic matter/ ( g-kg ') 39.14 1.25 5.03 0.18
FiAL Clay/ % 19.00 1.58 6.95 5.16
ML Silt/ % 72.10 10.60 35.19 15.76
kL Sand/ % 86.71 10.40 57.85 20.45

TE: R

56 1

Note:

2.2 THRERS WL

WF9E XN F R NH -N S el B Bk AbBESR BT, kB LR iR
K, BRI S, WET R NHS -N S8 5. 300 cm AN NH, -N &
FH BB, RS+ A0 NH; -N & Bl
HH B R B R B 3 A R AR — E 22 5

WeIR)Z (EHFEZE, 0~10cm) NH;-N &

J 7.50 mgkg!

T 100 cm &b &= d

HEFE(E 4 a).7F 200~300 cm

*Number of samples: 56

WREEMIE N NHE -N & 54 BT R, {BAE 300 cm K
mH, HRIZM 140
W 2 NS,
FESEE A RIS AR AL & AT I N R
Werp )2 (0~8 cm) NHj-N &
#) 18.7 mgkg ', J&—fBAkHL+ 1 NH; -N & &
AR L RA AR, ) R m, P RIZ N NHE-N SRR TR
FEAMFEE Smgkg ' (E 4b). 400 & 700 cm 2+
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Fig. 3 Frequency distribution of soil ammonium nitrogen content
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Fig. 4 Vertical distribution of soil ammonium nitrogen and nitrate content
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Mo & B, B IX 3 NH -N SR 5 S5R
SEMBFEIEML (£ 3), XHHNFI X +Hd
NH; -N By & fmthm, HIEscitEii s+ (K.
Ca*, Na', Mg*") HH K 0.18~1.67 cmolkg ™", F
¥IEA 0.73+0.16 cmolkg ' (F£ 2), NH; & F7E+
HEPH T g e s0h b e . R, T IX
8 NH; N & 2 s 0 i 3R 5 R A B i
KFHAMFEZE, AL, KESME NH, AR T+
BhME TS, ER T EEPRHEEFSENA
e

T R A Y A SRS A AE T S5 A SRR T3
w50 5 5 NHE -N (9 3h 28 54 20 o9 & 3
WX 3 NH} -N 5 NO; -N & B FEME (£
3), ARTEE Dy ) A R R — 3K
(FEl4), +3HENO;-N & it SEA R + 2 m B misg i,
EA T £ NH, -N &8, H)2NO;-N Fi b
TR HENO; -N W i fr, Ms) Bk, 3
1 NO3 -N [ R, T2 3 & i NOj -N #4>

e UE T B, ok, & —@ B NH -N it
M, R TGR MY NOS N ke, E
ZRAKmEMAEYEERR S, B2 AR L E
AR BH, Joit ikt B> NH -N - 52
NO; -N 524k JFLA/E F 38 in NHE -N, #4725
AR ST X NH -N 75 2t 3 9 05 J3E 9 52 i 55708
BT, B IR 23 5T 200 em. 320 em
150 em ZRANBA & HB0H £47, 1i £3 NH, -N 4351
T 280 cm 425 cm & 200 em Ze A7 4R THE , NH -N
TR EMGERE D RN L, SOEH TR R A
P AT R S BT R £ o0, RO B
U2 1 m A4, K RFsr + 5800 NH; -N F i
o BARSEFE, BTIX I NHY N SRR 1 -
P BH,  [R B IR Dk Sh P B A 1 AR XU AL AR B R
Wi {495 355 M BB 0 S S0 R B S PR R AR Ak . ST
280~310 cm TRAMAY 1 AR AT, AL FE S
B R AN /N BROBR 5 R TR A A B AR Ay 5 K B
R, EHRsT, TR, WFEEARREER, 2B

#3 TIREBUEHEZ B RIMEXRME

Table 3 Correlation coefficient between soil physicochemical characteristics
A HLBT
FRF BER HET 2R ) )
BAR AR N Soil kL iz
. _ Moisture  pH Electrical 3¢#ftit  Total ki Silt
NH;-N  NO; -N organic  Clay Sand
content conductivity CEC nitrogen
matter
S NHS -N 1
THZ% NO; -N 0.943%* 1
T 7K# Moisture content -0.119  0.004 1
pH 0.171 0.218 —0.514%%* 1
B R Electrical conductivity 0.927** 0.951%*  0.025 0.099 1
FHES 75 kit CEC 0.188  0.161 0.765** -0.676**  0.235 1
4R Total nitrogen 0.853** 0.818** 0.199  -0.038 0.830**  0.488** 1
FHLIK Soil organic matter  —0.323* —0.302% 0.672%* —0.505**  —0.228 0.577** 0.143 1
A Clay -0.020 —0.094 0.657** -0.736** 0.047 0.755*%* 0.235 0.626%* 1
BrkL Silt 0.115 —0.002 0.465** —0.603** 0.144 0.633** 0.292* 0.505*%* (0.882%%* 1
b ki Sand —0.084  0.025 —0.524** 0.651**  —0.123  —0.678%* —0.284* —0.547** —0.932%* —0.993** 1

E: *P<0.05, **P<0.01 (WEKLK ); TASHEAR n=56, Note: * P<0.05, ** P<0.01 ( Two-tailed test) Number of

samples: 56
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137 o SRA B it o L 143 /0N R - 48 NH -N &5 4 A
()5 K K IAETE

AHASIE T, 3 b R IS 45 £ )2 NH, -N & 58 fk
RABIARAAIT o (H I A2 £ NHS N & T
erb o SXRTRER th TR AT B O ORI
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SRS (] FA) 4 RS 2 120 77 1) 33 Hh R G %

x4 TEEE

Table 4 Soil thickness

R4 A )7 )2 EZ
Code Sample point Surface layer/ cm Middle layer/ cm Bottom layer/ cm
GP1 T Top of the slope 0~10 10~300 300~970
GP2 Y+ Middle of the slope 0~38 8~400 400~800
GP3 W Bottom of the slope 0~10 10~250 250~550
Y [ | 376 Top of the slope R) élj:l: ]\,/E\‘
K3 5 I # T Middle of the slope
e E = I )5 Bottom of the slope
A D M 5 A 2O SR A B AT X

NS
Middle
layer

K2
Bottom
layer

1 PSR SR S N S S TR T [ S ST S NS S
0 100 200 300 400 500
NH,"-N&# NH,-N content/(mg-kg™)

|
600

Bl 5 TR e By e e A R

Fig. 5 Soil ammonium nitrogen content in different terrain
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