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Fig. 1 Sampling points distribution diagram
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Table 1 Monitoring methods, monitoring instruments and detection limits

Wemxt g W H Wy 3 EARIENE K PR
(KT 65 BT FE A B G S B TR ) NexION 300X A JB ol & 45 5
Uk . 0.04 pg/L
(HJ 700—2014) FR TS
226 Ra (AR H4R-226 B4 AE ) (GB 11214—89) PC-2100 HI4F &5 X 0.002 Bq/L
210Po (AR EN-210 143875 1) (HJ 813—2016) 7200-4-1 BUE AT o BEREAL 0.001 Bq/L
MPC-9604 # S 3 XAK A K o
M0Ph OKEE-210 BIAMHT I CET/T 859 1994) o S “F 4002 Ba/L
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Table 2 Limit values for characteristic pollutants in wastewater and surface water
o p(Uxp)/ C(**Ra) / C(21°Ph)/ C(*°Po)/ o(Mn)/ p(As)/ o(Cd)/ o
(pg/L) (Ba/L) (Ba/L) (Ba/L) (pg/L) (pg/L) (pg/1D
K 300 1.1 0.5 0.5 2 000 500 100 6~9
K 100 50 5.0 6~9
2.5 RERIE 0.005~ 0. 021 Bqg/L. C (*'“ Po) A 0. 006 ~
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R E AT TR R BRI E A S
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oKW gE R UL 3, AT RAE L 2020—2024

AEI ], R K H o (Ugy ) A 1. 71~38. 0 pg/L.
C(*Ra)H 0. 027 ~ 0. 259 Bg/L.C (*'°Pb) K

3.1

0.019 Bq/L‘p(Mn)i\j 23.8~663 pg/L\p(As)ﬂy
0.15~3. 10 pg/L.p(Cd) A 0. 06~0. 58 pug/L.
pH 4 6. 31~7. 90, & /K " REAE 15 G2 41 9 W ) %k
PR M AL R 2 it B 1y FRAE 2K . [l A, B K
v pH % I IR 1 AR S R A 600, U TR K
TR 3 o) 114 A A, AR U Bl 8 /0N s LAt R A T G
Py W IR 1) 72 S RO KT 30040, 3R BT W
M REAE V5 Y ) B 25 03 AR A7 7E — 8 10 25 0,
Usxs ~Mn,As Fil Cd 197228 5 ZE KT 8000, £ W]
HE R AR R K IS o AN 5], Rk 75 G
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Table 3 Monitoring results of characteristic pollutants in wastewater from 2020 to 2024

o(Uxn)/ C(**Ra)/ CCPh)/

C(*1°Po)/

o(Mn)/ o(As)/ o(Cd)/

(pg/L) (Bq/L) (Bq/L) (Bq/L) (pg/1D (pg/1D (pg/1) PH

/M 1.71 0.027 0. 005 0. 006 23.8 0.15 0.06 6.31
SN (: 38.0 0. 259 0.021 0.019 663 3. 10 0.58 7.90
¥iE 10.0 0. 142 0.010 0.011 191 0.75 0.166 7.07
A5 5 R A 110% 47% 40% 30% 102% 100% 85% 6%
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HFER L2024 TR FEE BE AR 7 Po A1 Ph i il
B R S 0 R ) A AR ke B, SRR R RS E
W B /N s M W I K006 76 2021 4F Hh B e {E
(405 pg/L) G 7E 2022 AF P TR E 190 pg/L,
B J5 AR RS 2 7E 100 pg/L AR 5 As Wa I 25048 7
2021 AFE I PRI (1. 82 pg/1),2022—2024 4F
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Table 4 Time variation of average content of characteristic pollutants in wastewater from 2020 to 2024

SR K M A B 14 {E

HE o(Uxp)/ C(**"Ra) / C(*Ph)/ C(*Po)/ o(Mn)/ o(As)/ o(Cd)/

(pg/L) (Bq/L) (Bq/L) (Bq/L) (pg/L) (pg/L) (pg/L) o
2020 16. 4 0.172 0.010 0.013 219 0.81 0.31 7.05
2021 20. 6 0.119 0.010 0.011 405 1.82 0.19 7.17
2022 6.27 0.186 0.011 0.011 190 0.53 0.16 7.54
2023 5.04 0.180 0.012 0.013 86.0 0.32 0.10 6.74
2024 1. 96 0.055 0.008 0.009 93.0 0. 27 0.08 6. 86

3.2 HIRAKIMER 0.005 Ba/ L. L5580 40040 A1 LL 8L BR 1 A4

b R AR AT P A 2R T s L3R 5
LI 1, 2020—2024 4EHAE], # 2AK  p(Use ) N
0.06~12. 4 pg/L, ¥ N 1. 67 pg/L; CC**Ra) <<
0.002~0. 061 Bq/L,¥{H N 0. 010 Bg/L; CCPb)
<20, 002 ~ 0. 013 Bq/L, ¥ { 4 0. 003 Bq/L;
CC"Po) 2y < 0. 001 ~ 0. 020 Bg/L. ¥ {0 N
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Table 5 Monitoring results of radioactive nuclides in surface water from 2020 to 2024

o(Uxsn)/(pg/L)

C(**"Ra)/(Bg/L)

CCPb)/(Bq/L) C(*1Po) /(Bq/L)

W R Avr -
F{ER] BE® F{ER ¥I1H F{ER] ¥I1H F{ERG] HE
Al 0.06~10.5 3.70 <20.002~0. 061 0.017 <20.002~0.010 0.003 <20.001~0. 020 0. 005
A2 0.09~4. 29 0.96 <20.002~0.017 0.007 <20.002~0. 006 0.002 <20.001~0.016 0.003
A3 0.21~4.40 0.77 <20.002~0.022 0.008 <20.002~0.013 0. 004 <<0.001~0.017 0. 005
A4 0.07~0. 85 0.25 <20.002~0. 020 0. 009 <20.002~0. 006 0.003 <20.001~0.011 0.003
A5 0.39~6.40 1.97 0.004~0.026 0.011 <20.002~0.013 0.005 <20.001~0.015 0. 006
A6 0.13~12.4 2.37 <20.002~0.018 0. 009 <20.002~0. 007 0.003 <20.001~0.016 0. 005
X A0 <0, 04~1. 21 0.51 <20.002~0.014 0. 005 <20.002~0.012 0. 004 <20.001~0.011 0. 005
T - O/NFHR I BR 09 B0 LA BRI R i — 2= 2 5 ¥(E TH 5, DUR A I .
MR K AR CRAAE 5 4 0 W T e UL 6. PPy i W I S S8 A A A ) i PR A SR (3R 2D,

Al LLE H 20202024 A3 A, b 3 7K 1 po(Mn)
<0.12~87.0 pg/L.¥I{H R 9. 67 pg/L;p(As) N
0.13~4.77 pg/L.ME N 0. 83 pg/L;p(Cd) <<
0.05~0.11 pg/L, %18 K 0. 026 pg/L;pH K
6. 74~7. 45, ¥ 7. 09, HFEK P AERCERAE TS

6] B, 5 X MR M T K AR e, 6 AN M T R Y
o(Mn) - 35 8 B 5 & T 5% HE 05 B o (Min) - 34948
JEXF IR S 6. 9~153 %536 WL A 1 p(As) P
PR 2 IR AR pCA) I ERY 1. 6~9.0 f56 4
I L oCCd) 114 W D00 A5 F1: B8 AS A0 T 5 0 FR AT
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Table 6 Monitoring results of non radioactive characteristic pollutants in surface water from 2020 to 2024

o(Mn)/(pg/1) o(As)/(pg/1L) o(Cd) /(pg/ 1D pH

W A5 A
BN ¥iME BN ¥iME BN ¥iME BN ¥iE
Al 0.44~87.0 33.7 0.13~0. 61 0. 32 <0. 05 0. 025 6.69~7.40 7.15
A2 <0.12~51.1 13.0 0.17~4.77 1.79 <0. 05 0.025 6.78~7.34 7.10
A3 <0.12~44.8 5.93 0.41~1.94 0. 88 <0.05 0.025 6.80~7.30 7.08
Ad 0.19~5.32 1.72 0.60~1.96 1.02 <0. 05 0. 025 6.85~7.45 7.16
A5 <0.12~7.10 1.52 0.19~0. 66 0.42 <0.05~0. 11 0. 033 6.74~7.43 7.00
A6 0.15~17.1 2.16 0.19~1. 36 0.55 <0.05 0.025 6.82~7.38 7.05
XIS A0 <C0.12~0. 38 0.22 <<0.12~0. 33 0. 20 <<0.05~0. 07 0. 060 6.89~7.51 7.32
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Fig. 2 Time trend of characteristic pollutant monitoring data in wastewater from 2020 to 2024
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Table 7 Analysis results of Mann-Kendall test method for characteristic pollutants in wastewater from 2020 to 2024

i H BEBAE (X1 Xz w0 X ) S VAR(S z 45k
38.0,14.0,10.0,3.50,36.0,27.0,16.0,3. 31,8. 10,6. 10,5. 37,5. 50,3. 12, n

Usxsn —90 810 —3.73 BETHHHE
7.06,5.54,4.43,1.71,2.21,2.00,1. 93

0.110,0.191.,0. 203.0. 182,0. 083,0. 084.,0. 160,0. 150.0. 123,0. 189.0. 259, .

26 R —33 1258 —0.539 ERF@H
0.173.0.255,0.180.0. 187.0. 097,0. 090,0. 028,0. 0740, 027
0.011,0.008,0.007,0.015,0. 008,0. 013,0. 007,0. 012,0. 021,0. 010,0. 008, i

210 py, —25 478 —1.14  ERFHH
0.006,0.009,0.017,0.015,0. 008,0. 005,0. 013,0. 006 ,0. 009

) 0.017,0.012.,0.008.0.013.0. 008,0. 015,0. 012,0. 009.0. 019,0. 011.0. 007, n

210pg —41 560 —1.21  ERF#HH
0.008,0.012,0.014,0.011,0.013,0.010,0. 012,0. 009,0. 006
116,120,557,84.0,663,567,267,124,390,209,91. 0,68. 0,37. 3,23. 8,52. 3, i

Mn 20 1333  0.315 Tl 3
86.0,92.1,112,53.0,115
0.63,1.10,0.79,0.73,3.10,2. 10,1. 70,0. 39,0. 35,0. 88,0. 68,0. 20,0. 35, .

As —54 723 —2.01 BF FEEH
0.25,0.28,0.41,0. 42,0. 29,0. 22,0. 15
0.13.0.40,0.58.0.12.0. 20,0. 26,0, 19,0. 11,0. 40.0. 06,0. 08.0. 08.0. 07, o
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Table 8 Classification standards for surface water quality
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x99 HMRKRE

SETMER

Table 9 Comprehensive evaluation results of surface water quality

M A5 d S KPR
Usxsn 226Ra 210 P} 210pg Mn As Cd

Al 7.25 3. 40 0.75 1. 00 0.34 0.006 0.005 5.3 LE S

A2 1.88 1.40 0. 50 0. 60 0.13 0.036 0.005 1.4 R 4f

A3 1.51 1. 60 1.00 1. 00 0. 059 0.018 0.005 1.2 R 4F

Ad 0.49 1. 80 0.75 0. 60 0.017 0. 020 0.005 1.3 R4

A5 3.86 2. 20 1.25 1.20 0.015 0.008 0. 007 2.9 Lg/ae

A6 4,65 1.80 0.75 1. 00 0.022 0.011 0.005 3.4 BT
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Monitoring and Ecological Risk Analysis of Characteristic Pollutants in
Wastewater from a Uranium Mine from 2020 to 2024
ZHONG Chunming"*?, ZHANG Xin"*?, GAO Xiang"**, HUANG Yuqi"**
(1.Research Institute No. 230, CNNC, Changsha 410007, China;
2. Hunan CNNC Environmental Protection Technology Co., Ltd., Changsha 410007, China;
3. Hunan Engineering Technology Research Center for Evaluation and Comprehensive Utilization of Associated

Radioactive Mineral Resources, Changsha 410007, China)

Abstract: Continuous sampling and analysis of characteristic pollutant concentrations were conducted
on the wastewater from a closed uranium mine discharge outlet and surrounding surface water from
2020 to 2024. The monitored characteristic pollutants included U, *Ra, *"*Po, ?*Pb, Cd, Mn, As,
and pH. Using the Mann-Kendall test to analyze the spatiotemporal distribution characteristics of
characteristic pollutants in wastewater, and using the Nemerow Index method to evaluate the ecologi-
cal risk of surrounding surface water. The results show that during 2020—2024, the concentrations of
characteristic pollutants in wastewater and surface water meet the limit requirements, and the concen-
trations of U, *'Ra, Mn, and As in surface water are generally higher than those in the control
points. The Mann-Kendall test results indicate that from 2020 to 2024, the concentrations of U, As,
and Cd in the wastewater discharged from uranium mines are effectively controlled and show a signifi-
cant downward trend. The ecological risk analysis of monitoring data from six surface water sampling
points using the Nemerow Index method shows that the pollution factors that have a significant impact
on surface water are U natural, **Ra, and Mn. In the process of long-term monitoring of the closed
uranium mines, the focus is on the concentration changes of U, ***Ra, Mn, and As in wastewater, as
well as U, **Ra, and Mn pollution factors in downstream surface water.

Key words: uranium mine; characteristic pollutants; monitoring; Mann-Kendall test; Nemerow In-

dex; wastewater; ecological risk



