17 4 )& QR 38 4) (https://mete.cbpt.cnki.net/)

doi: 10.20237/j.issn.1007-7545.2025.10.014

Pt B B 5 55 55 SR 540 1 28 B 5
RABALAF TR, TR RS

(1. RE BG4, M 5140005
2. REEAHET, SN 5140005
3R AAEBE BN 5N A MR AR IFHEFS, TN 514000)

T AL RO P DTSR T B v, BT 5 R AR P R A AN TR W v 3 e A B, Wl RESE 3 2
A BOREE R B YT BN IR, 3 ARG U e D PR B A S B B S R XURS , A PEAEET
BT Bl Az R AR A AL B RS KOT | PR AT S R R AR RO R R, AT
S S5 PRI RIS, G 5 2 IS P 7 S P 5 R () RO B 3R, 00 25 A S e A TS P 1 S B 5 XU 2741
KA.

SRR - AT 5 BT 5 BRI XU 5 ST

hE LS X34 YHAFRER: A XEHRS:1007-7545(2025)10-0154-08

SRR B, LT, T, & A e AT IR KR I A RBTST (1], A 48 (GREEEY),
2025(10): 154-161. DOI: 10.20237/j.issn.1007-7545.2025.10.014.

LIANG Jin, KONG Lingfeng, NING Jian, et al. Study on the Radiation Environmental Risk Assessment
System of Associated Radioactive Minerals[J]. Nonferrous Metals (Extractive Metallurgy), 2025(10):
154-161. DOI: 10.20237/j.issn.1007-7545.2025.10.014.

2025 4E%5 10 1)

P A R PR A A AR BT T R SR A R
JEBR R, A A IR ER A . SEEkh,
UL TG BE W B 1 Ba/g M AR AET
P A OSSR 5 A R SR PE AL R, LR TR SR AN T
WA, XL R SRR YR B s 4, B2
TR 73 7 by AR W PR AR o AR, ISR AM X
B 7 I, IR SRS R A R AT R R L R K B
GIEENF27/E N €I RIS 0 L =i R o E R S G I
Ao P e fih B W i A 5 S E AN, 5 A
FECIo ST P AR TS TR ) 4 S B 5T XU, A S
X 2o A P A O PR A ) TR DA K T BE A AR
AR DB PR 2, 0 A B 2 O P 4 2 R A T
gl A= T AL E A SRR | el
S5 2 JRE ) R S PO KU T R R L SR BRI )
(75 3, 0040 A S P A OSSP A A A BRI X B4
k.

s HER:2025-03-28

1 AT 454 2R 350 R 2 3L

AR I 58 5%k IR I5E S 4F o 2 TR ), R R 85
FF AR T R HE R o A AR ICH | A R e AR
R T80 5 A F Y B ARSI 5, A fE i i Eh
SRR R B | O ARG R ANV 7 22 A 2 A | A AN PR BT M
IRECH R AR 2w, 7 R AN B S, AR R
KA S TS Qe RNAR S5 Y M AR SO TE AR TR
UINERIR RN RN AN s P DE L A DR 7/ DD s
Ui T RS 14 0 85 9 g SO 1) AR, 458 S 4 9 e
FEARHIE L fh Kz 1) 4 55 9 G AR ARG

2 ARG fa 5 IR 5 R o T

2.1 BERREEGKE
P A SR RSO B S 5 K Tt
SEER R % BRI T 22— (A B o %

EETE : AN IEH 2023 451 5 i it % 2 H AR FPESMIIH (NSCCG2023-044)
TEEB N P (1990— ), B, 221 BIEEE : T4E(1978—), W, A1, IE g TR0



2025 55 10 11

4 JE QR HH 5 (https://mete.cbpt.cnki.net/) e 155 -

AR, AN R 0 R A SRR T 5 M ORI 1
K22 HIAR K, FEAR S B A @ R AR
e R AT AR AR IR IR SR
LA 5 A R AR, JERO YA 3R | B SR
R R ZEAAR I, B A R E R R SRR & 1.

F1 BOEERSETH.EESE
Table 1 Contents of uranium, thorium and radium in some

minerals associated with radioactivity /(Bq-g™)

sl Hh L ki &
it 0.197 0.125 0.148 —
i 0.276 0.144 0.278 —
B 0.441 0.045 0.412 —
BT 0.157 0.008 9 0.960 —
E8H  0.414~1.48  1.60~9.80 0.260 —
727 0.017~0.556  0.001 2 0.016  “K#&140.25Bq/g

IR R, —MASOL N, 6 RGP AR B e
JIT 5 A B PEAZ R KO B R T R R Wb i & i
WO PR R AT, B3 56 P 2 UM B 5 A 1Y
JRCSR M A% FE K- 5 ] A 2 v i 5 8 TS A% R K
VT, W EGE e 1 24, RATEDEER T, [F
A B2 0 JT 7 A T S M A R OK R R TR RS, b
Hb, FEAE RO BB AR L R/ TS 235 e
TP A7 B 5 SR Be T 25 R v %) S B B XU, ] e
NS N TR TR D G R N R I A I
T B R A e s R R B0 2 A
1T A9 A PR B Ath ) 5 K %) DRk U 2 7 XL B 7K
BHEZNER,

2.2 TAEE

HR A 7= B8 5 T & ) S A B W A B 44
) (2020 28555 5455, AR BCE R TE & R 1)
Tolb & S 43 AR B FR RS
22.1 RH-

PEA G R Aok, AR R AR | RS
Tl , X S vp T O MK IR S, B A
BURAE R 7= S AT B, 45 B RS, — R BT
SR 5y T SO M 0 T R T R RS TS e, R G
BT RS AN 5 o

H g 2o ) Ah, an AR i 4 1 5 — Uk is e R
A, Ak L BRI 1 R (4 1842 t, Hoh 25944t
BT E & 3330 B 085S P K P 20 7R 2RI R L
T, 2 Th A 25 54 1 440 Bq/kg, °Ra il 45 5
21 Ba/kg, y 551 F 8 738 nGy/h, X B 47 il 5
R R, — 28 23 X R BE 1 R S G, P D A
1L B K B O R KT R, L T S R A R

B, 8 KR oKl i IR B 10 mg/L (K
KD, FEAK A 1~2 mg/L, HK&R K (—4E k3] %
TITSK), WA KA R, OB KA BB
2 K RO TS G
2.2.2 kW

W2 A O R TT & R — A 2 5
TR PTERS R R W ST, X T
FERE DL Ve ARV E . AREEE RS YR
A, B AR 0 P W T R A B A5 S
H, BT U MK BAR, — AR T E S KO,
KRZ5 L U PEACE A Y . KRR =0, 4
FEA S, HHE R, ] XKNEFEAKR, R
Gy L, AR S i R R R AR A, B
b A v B K AT ORI, S W AR D i 3 K
AR S kT YL IR A, SRR P R K R R T
PEAKEEF 1 Bq/LY, NJ&E FAEA B K, A
WA ) Je e 58 I SFT PR B A, A Sk A 458 XU AR
223 B

D) K6

0 R T B0 S OB R R R R kO
TR R I Al — e AR AR L B ST . — BRI,
KRR PR R T B O PR K R AR AR R K DT TH
AN A G RS KU o O M R R A
7 rp B SRR R D, AFAE R O R B KU
JE AR ORI R . AR KRR R Al A G A
358 RS 2 BRI L 1T WA Ak RS e O v A
i

2) VB IA

MR MR AR v, el T T IR L A A,
PR i A B KV T8 A AR O K, — 3B
3 TSR 40 5 3 B A S v T e A R 1 R
P A G R K Ak L g R R S S 0 S5 A K
TR B R T, W AR AR A U P U L 5 AN A
T A R R R E R BT, T
e AR T2 e A I TSR T I K R R M KT
PR AR, AW SR, 5% 00T J BI85 ok
(N @3 g R N e N o G 7 R E 11 o W e e
Az B RS 0 K AT A0 B A T, R R AR RS BB /4
B PR L2 7 A B AR TR R K IR AR K
R ACT 8, BB AR R ™ U A B T Ok
A PE TR A U T I AR A e B K, 1
B AR O KT v HK R, — A SR Y 4
BALEE A B AE 277 A2 10 2207 5775 KRR AR TR 1 R



* 156 - 17 4 )& QR 38 4) (https://mete.cbpt.cnki.net/)

2025 55 10 1

K, o ECE AL B A 7 Al 1 R R A ) ks E
Bt/ THR GO, 2 7 AR B0 A R A A A R I
5, [A) B R R ST T 4R R R R
1 A HE AT T AR AR ELAT — i 1 £ B AR 1Y
PRI 06 R O B 55 AT BE =2 28 R R S IR B =R 1
TEAE 58 5 FRBE AU (3415 o
2.3 WEHEEY
231 ABTYEY

P2 R T 1 T & — IR 2 5 R AR, 7R T &
AR T R A A, M A I R
FH LA JROREHE IO L 3 2R RLAE 7= T8 v e i L F
VS 7 A A PR AR A O AR R Y A U
P AT Y AR H ke PRI 5T, F2 22 AT LA
K2 A A B CPRn/ Rn) X 2K gk TG gL
Yo XSGR A U T TR i T A i AR e
H AR BRI , HORE i A X e, A= T2
A RS | T AR I A ] B8 5 K = 0T S ORI
ANAETE fil A AR 0 5 BB A B AU o O — KRS
15 Y R DU 20 rp B S PR B X S ) S AE
AT A RIF S A S AR v R, A SR A R M A
b L 6 FR 8 sk, T B S B0X S U R E
AKA N S5 ERGH LG, By v i
Jo A R T N5 e 3 TR Ll R AN R R 2 i &
UL N RN AR/ R LN

R A B T ST AR RS TR K
IR , HAR SR B XU AR B, AT T RS
2,32 JURTEEK

A ISR K IS SO 1 e A KA
FEAE WG 32 AR 0 B A HE R HE A HE R
IRAE R Z B BT T 32 40K 1 1 s B RE i AR 2
Xof 7K A S5 i S S ), (HAE R E SRR, sz
Yl KA B s BB 1 AS & LT Ui A7 76 TR K 4 v UK
T, 330 S 5 S 0 T 8 X AN fe BREA) J o A
P2, SRR T A e, 0 SR A S R K R 4
Aob B Ah B 25 i R HE A K R R K S UK R ik
S KV B3 B, G R T SR R R, X e
18 DU A AN 23 %68 K 26 22 285 2R G v W 3R, 34 ] RE XK
FH K 2 4k 1™ B Ja0W o SRR 2 K 1 1 HE R R A
HERCA 7T BE - BURGHTE Yo 1R, A7 7050 B IR BE AR
2.3.3 UMM E )

TSP B A R AR R SR o R R
FEAE o ERATIE B H R A B L 7 A R AR A
AT s R IR R R T A O A R R

YAl B2 o3 R = i T B AR AR R T, — ok U,
X P WU AP A 2 K s B R Ry i Fe v
— B 53 R 1 ) B 5 R A VS A i rhOR U A RO R IR
T8, AR P A 7K 1) A B A R TS ) I A
KRS B it b, 2 7 A AR AR O PR IR i

R GORMY 28, F 1Rl AR TS P AR R ) Ak B A
RAL, BRI A B R, 280 DRIl AR g it
AEFNAL BB , A 53 A R b B Al g 2 7 7 AR
4 861 % AT 1) HEAE RN AR HEPE | AR 2 b/ Il B A7
FEELHEFL R N [E R, R A O R R
FERRAE | P A P AR B JC ik A T 144 %2
HUR L Gl 2 Py O R Tl ik & 3
KA T X, SR s 2 e e s i o 3
TS A S IR R LT AR S
Heb N BB v, 5545 G A T 5B & A S, Anicst
PR W8 . AR KE CEadil, kg
ANF A TN RN R, 2585 Ak AR
PEA™ B [ 4452 P ik A R85 5 3500 e g AT e o
24 HAGE

i Ml T &b 7 9 K 1 e S A B XU 32 S e i
SR T AE I R DL K AR, Al BT A A ) A
v F AR R FEL: AR e B K R R H AR
WO A 3 BSOS PE ) BT AR , An 65 UKk
WCHRC . O AR Rk | T 7 i S 02 s 1 ol 2
T 5 Hb R IR Vit BUSUR PE DR U S R A
S ML T A G Y YRR L BRRRAE | AEAR Y A
SR I R A 3 S A ol A 5L R A T R A A PR
355 KU 1R 43T o
241 BN/ EENK

FEAEAE O B Tl Az 7 R vhy R 2 i K
WA, T 2R M A R kL, T 5 KB
A VAR i R AT, MR O PR, R B R
HERL R PR, o V2 3 TR R Pk . e
WIERTE , X Le kb A Al e B WS PR 58, 1 B
— 2 TR AT
2.4.2 Btk

—MAE LT, 5 UK MELUR AT XN
T VT AR 3 46 7K 9 B, A sk AR — 8 A R R K
7 75 L AT R K 00 I A B KURS . — FLUE K| A
J7IXNHER, —J2 AT R BORE AR UM PRV R BRI, B
BT O SR TS 1 4 S5 BRIk A v R, R A vk K
B, — A ST AR, R EOKA 0B
K T R HOK R IR, Rl rE) T IX



2025 55 10 11

4 JE QR HH 5 (https://mete.cbpt.cnki.net/) e 157 -

NISEEYAEY @i e /P S N7 s at Q (URU LT BT e
EAER, AT RE S HOE iz B DX, DT HE
Xof PR A (V8 AE S ), E R A X AR B0 T, 5 Sk
Uiy 1L 7K P W A P AR AR A R R SR I I e 0 I ) R
K AAR ) G KT R R AT BBk B 2 ke S ER
R . LR BT, PR AR BUR RS T R R
A b 7E T X B St T K U T, AR AR AE — S 1 4R
FRBE KUK, (H Hy T R AR T 1 o e K i R, 3
ol XU FE G 70N
243 HiFE

— WA A R PR T R B A s, H
T A2 IR A DG I R SR AE BT A R 23 A 1
6 24 b () PR R . 76 IE 5 0T, RO M 0 Rt
TEAEAE A7 A 28 3k R R 152 T R0 o 1 1 35 it v, b 5
AN S H 4 T BOURCS A YR EA RS . X T
DX P ) TS0 ST 2 K B T S M A R, Y A Rt
T8 3 M R IR A 0] BE BT ISR, LB
FNJ7hh, xF e G Yy, S T AR Ak &k I A BT R
PR o RS A B T TT & R T X IE A7 14
SPPE PR K S VR I e — AR X A o B A i D
Hoxh BB Y5 e 1R R BRI Bk A
il [X 42
2.5 REHI

U 4 2R S BB KUBR S A AR AR e R R R
A e A PR, AR A S AR PO M I A PR
Farh, AR R K E | S BEOIUR Y B AR
2.5.1 KK

P A TS P T R R A Ml A I BT TR
PEY) 5T T BB 23 PR HA B G | 97 1 e 45 PR AR, T
SRR ot O ) IR o A0 A 3 B P Ak AR e
Wy 5 AT RE B 0 B K ETT X SR B, XU
PRI T2 AR A48 2R U T & R T
FAY | IR A W BARER A LA K ) XA T B S e
o Lhkw ) o6, i A R T RS
TCRIFRE N, BB Tk, IR & A KR,
S T 0 o ) X B AN IR BT B PT RE /N o
SR, X 2 8 A AR / R B S AR B 1 A 7 A T
B0I RASAH ] o I T3k R vy A 1 S I K
it ST B A R R AL B R A R 2 ]
KA IR, AR BE S BB v R T, AN AL SR
DX P A 5 2 TN % 2 ol s G A0 5, 3 T B A Hl
KL M RIKAE B AR ISR, M AR R G

AN ANl
252 1RIE

A S HORE T 2R O PR A Al B S R XL
Bor AR T W AE 9 KR B8, W 7E T AT BB 3y
JHCES T O I o YRR K R AR, K B T
B 1 5 TS 1 0 o 3 o 45 i A A BB, i B
TE (R PR 775 Y TR SR XU

FLUR, X TR il ke vt , il IR0 2 2 2
FEML T UEAT, DR O b b R KR S ORE X A, B
EAEHL T K A0, BT )2 A BBV T, O T
Jo R N Hb 2% PR 1) 1T R A N s X T R Al
WX A TR R B AN L O o S AL B, A R AR
(AT BEPE R/ 5 T TR A R Al , 7RG Rl FE
W B Rk 1) A2 BN R AR Ak B T DRI D AR
Xof 458 v, A 7 A A s T KON ET RE S
JoT 490 G 1) JE] R B AR v, R DR A Y R AE T
By 3ok i vh S SOOI P B A PR B 3 R B T g
FRIVER S DRSS o
2.53 B EES

e A R S A A P ) Bl T A T R A
BF, SR R Y 2 AT RE 5| AUk A R S R s
1o FEGBRRY BT A W0 BN & 35 (32 8 | W 2 it
T, KA I A AR AN R — B UR A
HY T A AR O M R R AR RS SR AT R L
B,
2.5.4 BHFK

PR O PR R IS St R e, AR AR B AR AR A
TS, TR R AR TR PR R T B 20k T R B A
TSV A SR o 30 R A P Rk B S K P
B AR, H AR YGE 0 TR PR RN BT
Wkl i K i i S g RN Ak B G S 1 S G KU
AL B R, — A S R BURS Yef ,
2.6 iESTEEE

P AR TR AT 0 A S P A L, A B O S PR B
DA v e Ay E R AR TS R A S PR S O A R
I (ESR B DUAR) ) GRAT)U o B i 4 2B G
PEB TFJ FI BT | A AR TS 1 [ A % O Ak B A6
WU ST {4 R B PR BT AT BRI s TR B e A
ISR B, X LAY A E SR B e
MR E B, TR Ll A+ 400 1 R I A B
IR G o AL AR | R BN 5L T A R
WAE— 7 FE R T A I A S PR B 45 15 1A 1) RS



* 158 - 17 4 )& QR 38 4) (https://mete.cbpt.cnki.net/)

2025 55 10 1

3 AF A 5R 4T IR 5 K e TR A

FRAE A HUR PR 00 8 5 22 4 AU 438, ARl o7
BHHRKE RS T2 gD . %425l
T S PR A8 B A A B o LR T PR o
31 U ESEARE
3.1 ZAlEE

P A PR Al 5 3 R R IX L K U b B
A5 A5 R DX %) B 6 % i LA ST B I XU 114 o
febrz —o T H 4 S B PFo i3 R E R
X A2 AR A 43 S AN SR 4%, 500 m LSRRy ded 4,
T 0435>300~500 m KL 4, T 1455;>100~300 m
g — B2 4, W 343 0 100 m RA PN U 7E 78 85
i RS, T T 5 930 SR, A X 7K Ul R B b 1) 22
S PR B AT T AA R S FIPEMY
3.1.2 HARKE

EH SRR F T, FEEHE A R KR R 5
PR, AR A ol BT A 457 8 19 100 4 )8R R T R A AR
YRR I 25 208 L S R 858 XU 7 AVPAR (6 2) o AR
Al BT A b 15 U AR B FER 3, S AR N R
KA X, AT DA% X o A KU D KA X, &
A oFe 1) RUBS AR AR, B 5> 0 43 A3 S AR N & A
G R, ARYE 5 KU I KRR S BT 1~3 43, AT
i DX A 2 O P A A ol T i S Bfe 0 A, X
JKRI 1 752 1 % S T 358 XU R A7 T 2 ABL A 2] 43 R

2 UGBS AAREEHHERBITNIER
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enterprise location and natural disasters
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Abstract: With the rapid economic development, the demand for mineral resources is increasing day by day.
Associated radioactive minerals, as a special type of mineral resource, refer to non-uranium ores containing
elevated concentrations of natural radionuclides, such as rare earth ores and phosphate ores. In practice, a single
nuclide activity concentration exceeding 1 Bq/g is commonly adopted as the criterion for identification. The
exploitation and processing of associated radioactive minerals may lead to the redistribution and enrichment of
natural radionuclides in intermediate products and residues, some of which could exceed regulatory radioactivity
thresholds. Natural radionuclides released through exhaust gases, wastewater, or solid waste during these activities
may disperse into environmental media, posing risks of environmental radiological contamination. This study
has developed a radiation environmental risk assessment system of associated radioactive minerals through
systematic analysis of risk determinants and characteristics in their extraction and processing. Focuses on the
environmental risks arising from associated radioactive minerals, defined as the risks of environmental pollution
events caused by radioactive substance leakage into atmospheric, aquatic, or terrestrial environments due to
pollutant emissions, natural disasters, production accidents, or other emergencies during resource development
and utilization. This includes risks of radiation pollution events triggered by radioactive contamination or
excessive emissions. The research team has analyzed the production processes and potential risk factors of
associated radioactive minerals, identifying radiation environmental risk characteristics of the development and
utilization of associated radioactive minerals across multiple dimensions including industrial activities, production
processes, locations, natural disasters, and safety incidents. A quantitative scoring methodology has adopted to
assess radiation environmental risks during the development and utilization of associated radioactive minerals,
where each evaluation dimension incorporating multiple weighted risk factors based on their respective hazard
potentials. Aggregated dimensional scores enable preliminary enterprise classification into different hierarchical
risk levels. From the radiation environmental risk assessment system for associated radioactive minerals, the
radiation environmental risks could be classified some major clusters: 1) Enterprise location includes distances
from boundaries to designated sensitive zones (human settlements, drinking water resources, and arable land),
and region-specific natural disasters (typhoons, tornadoes, floods, and earthquakes). 2) Raw material includes
the facility's annual throughput, radiation levels, storage methods, and processing technology. 3) Safety
accidents include fire incidents, explosive accidents, tailings dam breaches, and radioactive material transport
emergencies. 4) Radioactive waste includes liquid effluent volume, aqueous phase radionuclide concentration,
solid radioactive waste arisings, and nuclide-specific activity. 5) Environmental management includes regulatory
provisions, designated organizational roles, personnel competence, and ancillary factors. In this study, the
radiation environmental risk assessment results are categorized into four distinct levels based on total evaluation
scores. Slight Risk ( < 20 points) needs general attention and daily management enhancement. Moderate Risk
(21-40 points) requires standard attention and daily management refinement. Elevated Risk (41-60 points)
demands focused attention and timely rectification. High Risk (=61 points) demands tracking attention and instant
rectification. For example, enterprises that are engaged in the extraction and utilization of associated radioactive
minerals with production cessation, lack of management, and the presence of radioactive wastewater, waste residues,
and raw materials can be directly defined as having an extremely high radiation environmental risk, and thus are
assigned a high risk level. This study proposes a radiation environmental risk assessment system for associated
radioactive minerals, representing an exploration approach to the management of radiation environments in
associated radioactive minerals. The assessment system, including its dimensions, indicators, and methodology,
requires further refinement through additional research and practical application. Additionally, the risk categorization
scheme requires validation through practical application, accounting for the real-world operational conditions of the
assessment system and the actual conditions of associated radioactive minerals enterprises.

Key words: minerals with radioactive; radiation; environmental risk; assessment



