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Heavy Metal Pollution Degree and Its Risk Assessment of Farmland Soil
in the Downstream of a Uranium Tailings Pond
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(1. Geological Testing Center of Hebei GEO University, Shijiazhuang 050031, China; 2. Tianjin North
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Abstract; In order to understand the heavy metal pollution degree and potential ecological risk of
farmland soil in the downstream of a uranium tailings, the geological accumulation index method
and the potential ecological hazard index method are used to comprehensively evaluate the heavy
metal pollution status and its potential hazards to the ecology. The data showed that the contents of
Cd and U in the soil of the farmland exceed the national background value, and the average values
are 6. 89 times and 3. 16 times of the national background value, respectively. Meanwhile, the
contents of Cd and U are also higher than the local background value, and the average value are
4.96 times and 2. 53 times of the local background value. The geological accumulation index values
of Cd and U in 9 samples from the downstream farmland of uranium tailings are concentrated be-
tween 1.90 ~2. 82 and 0. 81 ~ 1. 46, respectively. For Cd element, one of the nine samples is

slightly contaminated and eight samples are mildly contaminated. For U element, 4 out of 9 sam-

« YRR B #2018 09 - 25
ESIE AR T E SRR R0 H (16234204D - 11) 5 463 i K 2484 33 4 (BQ201614) 5 7624 /K F)
FHz 5 H (2018 -68)
TEEB N B (1981 ), 5B WHb A Z A W5, By BIRESE 61, B2 MG I AE BB L BES, E — mail : ronghaiwei @
163. com,
SRR KIEH (1979 - ), B, INPEE A, [ L), B FE Y 51, FZM S0 TR, E - mail : 2010819 @ 126.

com,,



BN A5 SEHN R PR R URA LT G T Y R S KU PR - 133 -

ples are slightly contaminated and 5 samples are mildly contaminated. The potential ecological risk

of downstream farmland around the tailings pond is mostly medium. Overall, the potential ecologi-

cal risk of the farmland is high, mainly due to the potential ecological risks brought by Cd and U.

Key words: tailings pond; farmland; heavy metals; risk assessment; Uranium
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Table 1  Content of heavy metal elements in soil
o T8 i/ (g - kg )
s ,
Cr Co Ni Cu Zn Cd Pb U

1 37.35 6.49 14.33 12.10 48.49 0.44 22.60 7.15
2 28.47 5.44 11.65 9.87 47.29 0.84 23.69 11.25
3 66.40 11.34 28. 88 51.48 85.99 0.53 26.38 8.82
4 46.78 6.92 16.05 20.90 53.22 0.51 25.26 8.05
5 35.98 6.74 15.39 17.05 49.76 0.52 24.97 8.69
6 27.52 4.92 10. 62 11.68 40.99 0.53 21.98 8.76
7 33.44 6.60 15.80 12.80 48.94 0.51 23.81 8.34
8 39.48 6.82 15.75 15.87 46. 66 0.51 23.11 8.12
9 34.83 6.31 14.31 14.48 43.86 0.51 21.25 8.15
HZE 5/ (mg - kg_]) 57.30 11.60 24.90 20.70 68.00 0. 08 23.50 2.72
KA/ (mg - kg’l) 66.40 11.34 28. 88 51.48 85.99 0.84 26.38 11.25
f/ME/ (mg - kgfl ) 27.52 4.92 10. 62 9.87 40.99 0.44 21.25 7.15
BARHE (mg - kgfl) 38.92 6.84 15.87 18.47 51.69 0.54 23.67 8.59
PRifEE 11.13 1.71 4.94 12.08 12.57 0.11 1.56 1.06
RSN 0.29 0.25 0.31 0.65 0.24 0.20 0.07 0.12
PESEZR TR 0.68 0.59 0.64 0.89 0.76 6.89 1.01 3.16
PES S RE(FR3) 1.08 0.87 0.86 0.88 1.00 4.96 0.98 2.53
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Table 2 Correlation of heavy metal elements in soil

JLE Cr Co Ni Cu Zn Cd Pb U
Cr 1 0.963"" 0.957"" 0.954"" 0.936"" -0.287 0.724~ -0.218
Co 0.963"" 1 0.998"" 0.966 "~ 0.968 * = -0.235 0.711" -0.141
Ni 0.957"" 0.998"" 1 0.967"" 0.967"" -0.237 0.711" -0.136
Cu 0.954"" 0.966" " 0.967"" 1 0.973"" -0.165 0.709" -0.040
Zn 0.936"" 0.968 "~ 0.967"" 0.973"" 1 -0.066 0.771" 0.035
Cd -0.287 -0.235 -0.237 -0.165 -0.066 1 0.065 0.964" "
Pb 0.724" 0.711° 0.711" 0.709" 0.771° 0. 065 1 0.167
U -0.218 -0.141 -0.136 -0.040 0.035 0.964" " 0.167 1
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Table 3 Heavy metal elements in farmland soil 30 kilometers away from mining area

FJm Tt/ (mg - kg™")

Cr Co Ni Cu Zn Cd Pb U
10 40.13 6.12 20.12 22.15 50.12 0.12 23.01 3.10
11 22.25 7.24 24.13 24.22 60. 12 0.11 25.01 2.90
12 50. 14 6.15 22.10 23.12 58.12 0.10 24.13 4.13
13 42.12 5.17 15.26 20.15 40. 15 0.11 24.04 3.85
14 25.01 6.12 18.26 20.99 49.76 0.11 25.01 2.98
M SEE 35.93 7.90 18.37 21.01 51.66 0.11 24.24 3.39
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Table 5  Geological accumulation indexes of heavy metal elements in samples
B feo
" Cr Co Ni Cu Zn Cd Ph U
1 -1.20 -1.42 -1.38 -1.36 -1.07 1.90 -0.64 0.81
2 -1.59 -1.68 -1.68 -1.65 -1.11 2.82 -0.57 1.46
3 -0.37 -0.62 -0.37 0.73 -0.25 2.16 -0.42 1.11
4 -0.88 -1.33 -1.22 -0.57 -0.94 2.10 -0.48 0.98
5 -1.26 -1.37 -1.28 -0.87 -1.04 2.13 -0.50 1.09
6 -1.64 -1.82 -1.81 -1.41 -1.32 2.15 -0.68 1.10
7 -1.36 -1.40 -1.24 -1.28 -1.06 2.12 -0.57 1.03
8 -1.12 -1.35 -1.25 -0.97 -1.13 2.10 -0.61 0.99
9 -1.30 -1.46 -1.39 -1.10 -1.22 2.12 -0.73 1.00
R -0.37 -0.62 -0.37 0.73 -0.25 2.82 -0.42 1.46
&/ -1.64 -1.82 -1.81 -1.65 -1.32 1.90 -0.73 0.81
-y -1.19 -1.38 -1.29 -0.94 -1.01 2.18 -0.58 1.07
= HE RIS FEFERZ T NEK 6, %
. | Lo EE i DR R LS 0
-l
=51 R6 EERSRBELESREZLNS
%4 Table 6 Classification of potential ecological hazards
=] of heavy metal pollution
g T e o GEWE
' ' AL ERE A 25 AU A
° BTR ik i
SRbRA R E, <>40 ik RI <150 TS
B2 #5 Cd. U Saessms 7l 40$E,$80 h 150 <RI <300 28]
Fig.2 Distribution characteristics of Cd and U 80<F <160 5 300 <RI <600 E
pollution levels in samples 160 <E' <320 & 600 <RI P
320<E, T

(2) WS e E L
TS H R ACE AR L G R X
it A I AR S IE TR o 12T AR TR 2
PR SRS, B E LA R < R U R 1 AR TR
FEbR , T LUSE f B — DA S B < R 19 TR A 1 T AL
IO, A AT £ A 22l B < SR 24 3 1) AR R BB K
BRI RPN TR AR

RI=3E; (2)
E =T.xCy; (3)
c
Ci=—* 4
= (4)

KRN E P LB S L EFEUE
E, HESJE | TR A S E I R
T, R4 i JCE F M AR

C, MEAJE i LR IG5 Y REUH ;

C. WEAE i JLFE S RS ;

C., NELJE i LRI E FH,

®7 ELRMEESMHME R

Table 7 Metal toxicity response coefficient of heavy metals
TLE Cr Co Ni Cu 7/n Cd Pb U
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Table 8 Unidirectional coefficients of various metal elements and comprehensive potential ecological hazard indexes

o = = § R[
Frin Cr Co Ni Cu n cd Pb U
1 1.30 2.80 2.88 2.92 0.71 168. 46 4.81 52.55 236. 44
2 0.99 2.34 2.34 2.38 0.70 318.08 5.04 82.75 414.62
3 2.32 4.89 5.80 12.43 1.27 201. 14 5.61 64.82 298.28
4 1.63 2.98 3.22 5.05 0.78 192. 47 5.38 59.16 270. 67
5 1.26 2.91 3.09 4.12 0.73 196.29 5.31 63.92 277.63
6 0.96 2.12 2.13 2.82 0. 60 200.23 4.68 64.43 277.97
7 1.17 2.84 3.17 3.09 0.72 195.22 5.07 61.35 272.63
8 1.38 2.94 3.16 3.83 0.69 193.06 4.92 59.73 269.71
9 1.22 2.72 2.87 3.50 0.65 195. 15 4.52 59.94 270. 56
i 1.36 2.95 3.19 4.46 0.76 206. 68 5.04 63.18 287.61
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