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Consideration on the determination of the discharge limit on liquid effluent from

associated radioactive mines

GAO Siyi  XIE Shujun ZHANG Ailing LIAO Yunxuan ZHOU Jin ZHENG Guofeng
(Nuclear and Radiation Safety Center, Ministry of Ecology and Environment, Beijing 102445, China)

Abstract [Background] At present, only the rare earth industry has established discharge limits for waste water
generated from associated radioactive mines. Liquid effluent from associated radioactive mines industries other than
rare earths should satisfy with the requirements of Integrated Wastewater Discharge Standard (IWDS). However,
discharge limits of IWDS are disputable to be implemented, hence not suitable for the development and utilization of
associated radioactive mines. [Purpose] This study aims to consider the need of establishing designated standards of
discharge limits on liquid effluent from related radioactive mines wastewater. [Methods] Firstly, investigation was
conducted on the types and concentration of radionuclides of wastewater from associated radioactive mine, as well as
the level of radioactive wastewater treatment technology. Results on the discharge limits for natural radioactive
isotopes both in China and abroad were examined and compared. Then, the types of radionuclides and discharge
limits to be controlled in the development and utilization of liquid effluent from associated radioactive mines were
studied in a scientific manner. Finally, the method of establishing discharge limits for liquid effluents from associated
radioactive mines by referring to the uranium mining and metallurgical industries was proposed. [Results &

Conclusions] The specific standard on discharge limits for wastewater treatment from associated radioactive mines
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has a significant impact on regulating the discharge of effluent in China and reducing the radiation environmental

impact of associated radioactive mines. It is reasonable to refer to the standard limits of uranium mining and

metallurgy. Liquid effluent from associated radioactive mines industries other than rare earths should satisfy with the

requirements of IWDS.
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Fig.1 Diagram of associated radioactive wastewater and liquid effluent
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Table 1 Comparison of radioactive levels in wastewater generated from the development and utilization of associated
radioactive minerals across different industries

17V Industry il Uranium / mg-L™" %k Thorium / mg-L™ fH-226 Radium-226 / Bq-L™
#i1L Rare earth 1.4~15.8 4.7~72.5 133~280

LS Zirconium oxychloride (3.4-3.7)x10° (1.2-10.6)x10° (1.8-5.1)x10°

#e¢/4H Niobium/Tantalum 4.17~5.3 0.16~93 0.4~19.7

" Copper 5.1~241 24~165 0.26~0.39

B ¥ Uranium mining and metallurgy 0.3~49 — 1.1~6.7

1.3 HEREIK

MR 28 — Uk A [ il 2 £ 28 JRU PR A
Mgt a3, W4 —H 2 FK A EBETET 4l
LA U I R K 7 AR 34 Al R A A A U
JRAKACERZE 8] o F5 AT M VRS I ) B AR e i 2
CF = b5 G HE RS o) B 5K, B AL H 5 /0 R
KA R S B AT 0.1 mg- L. HAlAT ML IR
A TR PR R K 5 R B /K P e TR B — R
IEE]0.01~0.2 mg- L™, — S e 4 7K S35 i 19 R 7K
22 HACFR G WAE/NT 0.3 mg- L7, #5404k RE % T
SR KRG A HERHEY U o /N T 1 Bq- L EER
ERZH AL EAREIES]

BT IR TS e T — RS ), 7 AT
AL TR, E B TR 2 502013 4 2 mTE R AR AR
SSPIE R T ) Al A A5 IR K FR AR TS ek 4 i
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Table 2 Catalogue of radiation environment supervision and management for mineral resource development and utilization

7= 255 Mineral resources

TP vE 3 Industrial activities

#it Rare earth

B R T CRAR BRI BEECH A T B ) BT R LI AN

YA s MR &R F1YA 74 Mining, beneficiation, and smelting of various
rare earth minerals (including fluorocarbon cerium ore, phosphorite, and
ionic rare earth ore). Mineral processing and smelting of monazite

Bl R AR VIR B VB VBB VR VR VLB VER VBB . TSR RS AR % Mining, beneficiation, and smelting

#K 4> Zirconium and zirconia, niobium/tantalum, tin,
aluminium, lead/zinc, copper, iron, vanadium,
molybdenum, nickel, germanium, titanium, gold
T2 £ Phosphate

FER AT s B DABEIR #4  J5UkH N 13 3l Mining and beneficia-

tion, processing activities using phosphate ore as raw material directly

& Coal

FF>K\i%H Mining and beneficiation

2 [EERRYEL
21 KERS BT TR SRR (E 4T
e

A TBOI R TF )P 4 M 56 B M 2

G R R ITIRE GRAT) ) CE PR AR S (2018) 1 5)
H SR A DR S S M A LTS A HE O AR 11
JS2 ST B I HEBC 2 B BB, OF 1048 20 AR A A A
AT H H AT IR R AT AR (R = Tl
TG RWIHEBRHE) TR RILE 1 V) HETBOBRAE AR v ,
b A O PERT T R A AT ML R Al i B AAAT MLt
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Table 3 Relevant standards for concentration limits of liquid effluent emissions in China

b4 B Standard name

JR 7K I E Wastewater regulations

i = V75 YW HE PR IE) (GB 26451 —2011)

Emission standard of pollutants for rare earths industry

(MU AT G HERHE) (GB 31573 —2015)
Emission standards of pollutants for inorganic chemical industry
(5K & & HTBARHE) (GB 8978 —1996)

Integrated wastewater discharge standard

85 Bh TR LTS B HE bR ) (GB 30770—2014)
Emission standards of pollutants from Sn, Sb, Hg industry

CR D5 e HE bR 1E ) (GB 26452—2011)

Discharge standard of pollutants for vanadium industry

Catr R R ST TP A AR S PRI LR 2 ) (GB 23727 —2020)

Regulations for radiation protection and radiation environment protection in

uranium mining and milling

Clhn T 5 A% 9 ) )3 e i AR ST 7 97 5 ) (BT 1056 —2018)

Regulations for radiation protection for uranium processing and nuclear fuel

fabrication facilities

BE A B AL 0.1 mg L

The total amount of thorium and uranium does not
exceed 0.1 mg-L™

S a<1Bq-L", & p<10 Bq-L"

Total o<1 Bq-L™, total f<10 Bq-L™

M a<l Bq L™, & <10 Bq-L™

Total o<1 Bq-L™, total f<10 Bq-L™

AR E

No specific regulations have been made

AT GB 18871 [l sE

Implement the provisions of GB 18871

1:0.3 mg-L™,%%-226:1.1 Bq-L™, £t-230:
1.85Bq-L",%h-210:0.5Bq L™, 4%-210:0.5 Bq-L™
Uranium: 0.3 mg L™, Ra-226: 1.1 Bq- L™, Th-230:
1.85Bq-L™", Po-210: 0.5 Bq-L™", Pb-210: 0.5 Bq-L™'
#4:0.05 mg-L"

Uranium: 0.05 mg-L™

22 (ERGEHBRE) R ERES TAER
S ER S

P R ] s AV B R 5 A T 2 AT LA v 1)
P A TR R R R Al B B AT €5 7K 5 HE R
PR D H e A RO FE BR A, B2 a<1 Bq- L™,
&L B<10 Bq- L, {HiZ bR AEATAT 20 2 42K, i T FR1E
B R, — ERA IR AT . FEAEER
I R — %R o<l B L7 TR AR U TR
TR F A Ml ok Tt AR A S B, DA A Ol 2R o
1], A U I R R RS T A 1 o
B PR R A PPUL UL Ra *Th, °Po 25, i1 5L iX
B i% R AL TP MR A U R E R E NN T
016 Bq - L' # 4 T U, 0 L & W & /N T
0.012 mg- L™, H FT (1780 VR K AR B AR A R ik
FIXAN K, WnPATIXAFRAE , 1R 2 Fi AR TR 1R
R ANV A G il B IE AR FE s — 72 & f<10 Bq- L
AN ORI P8-S, TERR BT EZ R, Al
RVE R R TR R R R o U LR
B MR R D, B p I EE TR A% &R 2K,
{BCK A T HEBR VG0 , A7 B AT 0] s =245
il AR A% 2 IO HE U b LA i e o SE AL, R IR
K BRLAN A 25 1A I VR P A R T VAN B 1
T o FE VP RO PR ) s i I BRI, R

R MK

3 HIEMHERS Y RASR L IHIRRE
HEENER

P AR TR VAT T R P = A T U 35 4 A
BIR IR AL, HB AR AR B YR . H AT Gl 1R e
S 7 47 R0 S PR SR OR3P B E ) (GB 23727 —2020)"
CVR AT » 12 AR AR T Y8 VA T H A O HE TR
A PRI EDSR . AR U R IR R F ST
YIRIHER AR 7T 225 18 bR HE SR H 52 . N E R
22 e HERRAE , B EHE LU LR &R

301 FEMSHET RESR B HERFE I8 I
S|

BT (105 A TBON PR S I RS BRE A
FREIFRHE S (s b5 B HETBORR 1R ) R (5 7K 5%
A HETBbTHE ) BLTE AV TR HH TR AR 73501 52 il
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T W K S TAE 2 LR R, Bl I8 A e bR v
HH IS T B OGTE AOA% RN PPU L Ra **Th,
20pg 20Pp &,

A U LR R, S H A 1R A AR dE , B A
B A AR O R B VR AS T HE D R R
(EZ**U) \*"Th.**Ra.>Po F1*°Pb ] PRAH , £ 4= £ 1Y
P A TS A B S I A B % R A (B Th)
12 Ra [FBRAE . {5 H A7 2°Th f1**Ra i ¥4 Wl 5
WT I VEARE , 63X A% 2 AT 3 AT 5 SE PR
T, O] A5 AR 5 43 AT VbR v R A I T R S X A
(% S RE AP

3.2 PRGN EKBIET KR

SR U MR T R R UE BT L 2R
R TR PEAZ 25 R A3V A B VR S 38 0 B 2R U
PEA R BRI — M AT TR K RO
PERZ 25 IR B2 s R Ik Bl Y8 B K P R B o A B
JERD AR P AR SRS UE A AR R R AR RS N
TATME A, PR K A Al A A B IA 21 100 mg - L, AN
R R A A B EE AR B 1 000 mg - L, 1 A
WA R 7K Bl 9K B 7E A B AT — N LB L
mg- LM BT8R R FE H 90% 1 Ra ik B 7E &
i, R A F 10% 1) Ra 3E BIVE R, iX L pf
AT PR T R Al R 7K FR 2 Ra 1 R P K
S KT R AT
33 HERSTMHRKEICIERAR

e A SR R K PRt A R S R ) Ak 3
FiAR FEH B 1A ik U R L 2R A
SOBIEFAE . FRARL BAR T LI 2 IR IR K
A% 2 B BARAR I AT AH A K 5 A& A AR T
SR T R R = A2 R K R TBUR P R I A s
1B IE T B ARTE b B R AR S M R K Ak B A
IR ERSUREY & N D =N % = 1 0)7 -9 S
AR RO T R K IR A B R — S S A SR, £
K R AIYTGE W B A5 VR A AL EE ] 2~4 R AT
A TBUSS 1 Al PR K Ak B it . AR R R TR S R VR

Aty ahAnet 2 B E % /N T 03 mg- L,
2°Ra 1) A0 B4R 32 L B RN U VR A B,
28 b PR S5 )2 7K P Ra B FE IR FE — R BR % /N T
1.1 Bq-L".

B2 AR U R K A EE B it ) 2 S
Fig.2 Snapshot of treatment facilities-preliminary reaction
tank for wastewater from associated radioactive ore

B3 AR O 1 I K Ak B 5 it - T 24 771)
Fig.3 Snapshot of treatment facilities-dispensing tank for
wastewater from associated radioactive ore

3.4  [ESNRIREKRABS L RIIRIE

[ A1 AT SR P A O PR S TR B E
HETOR P BRAEL, — 5 Bl ™ 36 10 B A HE TSk P2 PR
—E W LR IR R 5 B O b v AR AR
A7 PR A IR S LR 2 T A TR A 3R IR B R HE T
BRAEL 31 [ 5% B LA A2 AR K A SR TS0 335 A
BRI R . ARIEAHRTOR ™, S EH K
N [ S5 BN 7835 1% Lol AR R 5, K
Bl P HE O FEBR 1B 0.22~1.8 mg - L™, Ra [RHE K
WP PR 7 0.18~5 Bq - L, HLAAHE R & PR A 0L 3&
4o 55X L SO B, S R K B 2R 1 HE
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B4 A RO P P K Ak B B - VR I

Fig.4 Snapshot of treatment facilities-deep reaction tank for wastewater from associated radioactive ore
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Table 4 Comparison of concentration limits for
wastewater discharge in some foreign countries

EEE il 5-226

Country Uranium / mg-L™" Radium-226 /Bq-L"
£ America 0.4 0.18

Ik Canada 0.8 5

Yi[F Britain 0.8 1

%1% France 1.8 0.37

%) K] Hungary  0.22 1.1

H A Japan 0.88 0.37

4 5B

g5 LR, i TG KGR HEOR ) TR
HEBHR PR AN B, 5 BUE A TSON PR S IR )
HETSOHE CASAT AR HERLE IO PR B DRI R A4
TECRHME AT T AR IS AL S P HETC Joles b 4 25 T S
PER™ I 5 A P B0 4 S5 A A S, 7 AR i) 2
BT A TBOR T S D HEORAE . 8 R
JBORPERT T R A R AR B iy B 2s ks =, s
TRIRTBURE AL BB A% ER BB PR A 5L
S ST IR AT ML AR — B D, S AR ) R
TECHER™ S AL YD HETS IR A AR HE I 225 B DU
JUsi

D FEZE BN AR A PEAE TR K R IO A% 3R
AR YA AT Ml — B0, B8 AT M TBUR P PR K A% 3R K
EEEIE G TG AT W, HAC B AT I 1T
bt B A [7] 5 PR e A 2B TBOR AT VRS Uit HH A T A

Z PRI A SRR FE 0] LS A 16 B Bl AR &
o5, WS,
£S5 AR MR EHRUREIRE

Table S Concentration limits for radioactive nuclide
emissions from uranium mining and metallurgy

B R RAKHRSE A R E
Radionuclide Limit value at wastewater discharge outlet
Ui/ Mg L™ 0.3

Ra/Bq-L" 1.1
HTh/Bq-L"  1.85
2py /Bq-L" 0.5
2po /Bq-L" 0.5

PEAR B R PR TRUR VR 32 B T s R A% R
N Th(**Th) M1**Ra, HR 4 H i /K 0 4k 22 52, 4
LA PR IS RERSMET 0.3 mg L™, Ra 1T H 5T & A b
HE WL TV, A G W B AR A B Ra K H iR
FRONGTIE I B RS IA ) > Ra AL AR .

2) W Br B3R YRR R H I IRAE R
FBA R A AR TR PR R 2R BRAE ANl YR AT L
T FIF T8 BR AR 73 501 B € 5 357 2 2 R SR T8US 1 ) it
(Naturally Occurring Radioactive Materials, NORM)
LRI o DRI, FRE 7E 1) 8 AR UMD IS TR
HAHEBORAE I, 228 8016 IO AR R (2 & BRI .
5 E bR HADE ZAEE, FRE A E AT IR AT H
VI HETS IRAE AR O ™ 4%, R T 2 4E Sk
R R LI N0 8 ) S = R S DA Db Y]
PR I S A S, A2 AT AT Y

3)*"Th Fl1**Ra 4 & £F A2 U M WS IR
VR R H H AT IR HH R PR 5
IIHTARAE X T4 E BRAE A — 2 A R XE , 2 U TRAH.
21 %€ Th A1 **Ra B $5 1 0 73 Br bm e, 9 BEE &
PR 1) 7 A AR TSORH R I AR S I L A B HRTI
PRAE SR BEROR ST
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