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Abstract: To investigate the radioactive contamination characteristics of a uranium mine and its surrounding soil,
the radioactivity level of the soil around the waste rock quarry, industrial site, and tailing pond in the mine area was
determined. The mass activity of radioactive **U and ***Ra in the soils varied from 595.5 to 2 335.1 Bq-kg™' and
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637 to 16 551 Bq-kg™', respectively. The gamma absorbed dose rate in the air is 11.91 and 14.05 times higher than
that of the national and worldwide average values, respectively; the radon precipitation rate ranges from 0.34 to
6.62 times of the national values. The descriptive statistics analysis exhibited that the fitting degree of **Ra activity
to the source items was higher than that of **U. We further noticed, the activity of **U was found in a weak corre-
lation with *°Ra activity, whereas, a significantly high correlation was recognized among “°Ra mass activity, radon
precipitation rate, and air absorbed radiation dose rate, indicating that the activity of ***Ra plays an important role in
radon precipitation and air absorbed radiation. The assessment of pollution showed that most of the sampling sites
(47.37%) exhibited high potential ecological risks. The contribution of ***Ra to the total risk is relatively high (up
to 82.92%). The health risk value caused by *°Ra is 1 to 2 orders of magnitude higher than that of ***U, which is
the main health risk source, and the main exposure route is ingestion. The maximum annual effective dose of air ra-
diation in the study area reaches 24.66 mSv. The maximum collective effective dose, maximum lifetime cancer risk,
and maximum annual radon precipitation are 4 476.32 man-Sv, 9.53x107, and 4.57x10"> Bq, respectively. It is

concluded that the affected and radiated area is about 36 503 m’. Importantly, this research could provide technical

support for the mine decommissioning treatment strategies for better management of the environment.

Keywords: uranium mine; radionuclides; absorbed radiation dose; health risk
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~10 cm MIRE L BFUCRIZY 1.0 ~2.0 kg I mL HEE G CRUEFT L SRR Bl H2 T 7 A i DL
BB AT R ORE AR HE I 25 RURSEAE 1 000 SREESAZE IR 1 R,

*1 PHRERRERME
Table 1 Location of sampling points in study area

P Ak X35 L (L5 )
erial number ame egion ocation (latitude and longitude
Serial b N Regi Location (latitude and longitude)
1 R A Y
1 % REGS 110°31'1.93",26°9'4.39"
Old 1 pile waste rock quarry
2 MEEAY
2 % REG 110°30'59 46" ,26°9'5.92"
Old 2 pile waste rock quarry
1392 JF Y
3 ra 110°31'0.54",26°9'2.24"
1392 waste stone quarry
1470 JEG 5
4 Bas 110°30'58.46",26°9'2.87"
1470 waste stone quarry
%Y
1490 A1)
5 1490 e st 7 Waste rock 110°30'5591",26°9'3.28"
waste stone qua
quarry quarry
1440 JE ¥
6 Lk 110°31'23.56",26°9'39 48"
1440 waste stone quarry
1480 JF G5
7 L 110°31'18.77",26°9'37.74"
1480 waste stone quarry
1520 A%
8 L 110°31'18.70",26°9'36.15"
1520 waste stone quarry
1560 JE A3
9 Lk 110°31'17.61”,26°9'33.93”
1560 waste stone quarry
Kig Tk
10 ki ,ik,j"ﬁ]‘ L 110°31'7.50",26°8'54 27"
Hydrometallurgical industrial site
KIGH B Tk 74
11 K n% . . /J_{B L 110°31'3.44",26°8'55.03"
Hydrometallurgical auxiliary industrial sites
(2575
12 E)’Z I . iklj_{ﬁ . 110°31'541",26°8'58.08"
Crushing industrial sites
TR Tk 373
13 i 7&. A ﬁ b . 110°31'746",26°9'0.44"
Old broken industrial sites Tl
Y2 Industrial sites
14 Explosi )Jlid . 110°31'10.16",26°9'3.63"
xplosives depo
R T X
15 T T 110°31'11.01"7,26°9'1.62"
Western work shed area
U R AVAIK
16 Living off 110°31'12.36",26°9'0.13"
iving office area
ST Tl 4
17 L Wi ,_F gk . 110°30'56.99",26°8'41.72"
Industrial site below the third phase of the reservoir dam
18 ?’Eﬁ?ﬁﬁﬂ?ﬁ 110°31'3.02",26°8'51.70"
Phase [ tailings storage By
—IWET R Tailings pond
19 110°30'59.85",26°8'47.33"

Phase Il tailings storage
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1.2 M5k
1.2.1 WEABKETEEE

T8 AE A4 75 XUBS: 48 #0032 (potential ecological risk
index )iz - 1 B BB} 22 5¢ Hakanson #21H, LIS R
& I AE IS BT HLA 1 T AT O R a5 R A A
DUBEHE AL L], X 4 3 sl i AL v 1) T 4
15 Yt AT VMY . T IR AR 4 AE
H B T EHLREE TR TR Z R TR I RIVEH
SEREE T Y R B R B DL R A BT X 4 B TS Y Y
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= M)
E=TxG @)
RI=3E; 3)

Ao, O A TG Y W TS e R B R BT
WIEAE L 25 XU 2R 80 R 05 e W ) 255 YA T
LRSI BB C TS5 e IAE 0 ~ 1 m K2 13
Y SEME(Bq - kg™ ); C. 5 YA IR (Bq - kg ™"); T,
TS Y) i TR 2R, VAR A A XU T 4
AN 2 PR,
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Table 2 Potential ecological risk evaluation level

AT G B VAR A AR R

AT 4 B VTR A S XU R L

LR S WA SR IR AR

- . . . . AU 552
Individual heavy metal Degree of potential ecological Multiple heavy metals potential Risk level
isk leve
potential ecological risk factor risk of individual heavy metal ecological risk index
A B fY
Fi<40 Hi RI<150 i
Minor Minor
40< E'<80 i 150 <RI<300 i
Moderate Moderate
80 < E'<160 i 300 <RI<600 &
Strong Strong
; TR R
160 < E; <320 f 600 <RI f
Very strong Very strong
320<E! Lt

Extremely strong
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1.2.2 R XU PR
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US EPA HEFZ A 14 15 Y 37 b XU RS PPAl B Y 4 7
ft R AU PEA P4 AR A R
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AP R MRS (E, RE Ry 3 — FR R iR 12 1 2 5%
i, SF Rt — % 5 AR 48 I 6 N I RFBR R R,
T TSRO A T R R R R A Y R R i, PR
A FH L R A AR ) ARk R T R AT 45 3% 35 Y ) I e
T fER R AU, AR SO A X4 R AR B 3
Hby, 25 3 8 A 45 5 A XU PAL 2R 5 YR AR
PRERCAHE | LASPBRG T5 Y 3 AR A 3 Rl
AT AR R S, R R i AN
RE i jug = C 1.y XEFXEDXETXGSF j 4 X
ACF g gy X [I_:t} S)
1 RE g WIMNBGT R EE T (Bqra-g™'); Cry HIK
ST AR )2 P B HTE B (Bq g7 EF 2
AN (d-a™");ED 225 Wl (a); ET N 2 #E I R] (h -
d); e RFFEEETE (a); A AR F B2 ") ; GSF g
Ny Bk R E (SN 1.0); ACF 0, A 1 BUE IE

At
REﬁA—C%xEDxETxIRs{l/\et J ©)

K REy, o T34 A B 58 1 (Bq); IRS M H 4%
A3 (mg-d™),

RE g, = Cly ><EF><ED><ET><IRA><P1E>< { ! —/\et“]
(7)
1 RE, O TR A Z2 5% 1 (Bq); IRA g4 H I
W (m’ - d™'); PEF iy UKL HEC R 2 (m’ - kg ™),
At S XU TSRS - 98 vp O P 3 e W 1 BT
WFFE X H 45 5 070 Ra MU 1R )2 S0, A7
WA LA A=0693/T,(T,, WEEENITE, ik
ZHIBUES T 3,
1.2.3  HRSPAEA RGN L 5 2 AR g R
it FH 25 S A MRS B 56 5 A R0 B 1 e 4 &R
0.7 SRR ESNEA S, Tk R E
LAY N (B T P A RO i 2 4
AN E WY A RE I 0.2 F10.8F ) 4

SHAFEA RO S ()2 R DU R TR 1R
E.y(mSv-a™)=D(nGy-h™")x24x365x02x0.7x10°°
®)
E.,(mSv-a™)=D(nGy-h™")x24x365x0.8%0.7x10~°
©)
A, D A Y 23 S B TG T2 {E (nGy -
N I W/ 4L &1 B R O NI B g 1 W i RS B S =
TR I DR E AR E N AR A ORI Y s Ak
SAL T N A ) 38 AR 3800 1t (SC) 2k
FAE,SC A (10)* KA1t
SC=EXN(P) (10)
A NEPEWF R X EL AL,
— B 2 By g AU SR R T — o R R KT
T, A R A EE R BT R RN
FIFEHLAY 2 [RIFFE LM R, B A — M EUER R,
FE— B HE DL — 2 W i R T EUEY T,
TSI R R K AR AR 2 B9 KU (ELCR) J2
AR DI
ELCR = ExDLXRF (11)
K, ERAE BARGN R Y i, DL S A3 B br (J5 4
LR AEAN DA, hE ABE4h 77.3 a),RF 4
JABS: 2B (Sv™" ), BIEAS 751 o >4 o 190 S0 R i XU .
XFFREHLASN , ICRP {1 FH A 5B R 0,055,
AR Al R A 2 A AT S5 Y, W] A S A&
IR AR R R, TR AT .
Rupa =] pssgs St (12)
K Ry, 78 B D IX 8% A9 4 4E B i (Bq);
v sy 2 R X351 0BT H R P (Bq o m ™ -
s7') 5 S AN DX 35K 11 2 1 AR (m®) ¢ R Al BB T A
BRI E] £=3.1536%107 s,

2 #ZR545 % (Results and analysis)
2.1 EHEURER E ARG T

FEXTIF 5 DX 5 P U 00 A o P00 BT
5955 ~2 335 Bq-kg™',”*Ra [Lif £ 637 ~16 551 Bq
kg YE T A E RO a5 o A |
TH ARG 15.08 1% ~ 59.12 5 1745 {5 ~ 453 45
{51 14.89 15 ~ 58.38 175 .15.93 1% ~413.78 15,y
S SR i 00 oA 4 | P 2 KPR Y
11.91 1% .14.05 4% ; Z 07 th 2270 [ b T 4 [ [ Y
034 f5 ~6.62 f5(F 4), ME 1 7[H, U A KR
TEFEA MR M IEZS 734, o5 %18, P 3418 1 4542 Bq
kg™ S THE T B AR AS A, AR S R B 038
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S SRR S B AR B B R R Ra L
TEE |y Fair s MO R T AR AR Ik
WIS 40, BB 4> 3R 2 962.3 Bq-kg™' .1 179.9
nGy-h™' fll1 134 Bq-m™ s, S EAH2ZE K, 4F
SRBO BN 1.51,0.82 F1 0.90, £ AR B OB B 5%
KA B e g B 34 A vy, R B B S RS R R 43
MAEE S EAE, 0 T— W R ., TR

7 PR A S SR BN ST Hh AT B TR
PEE R K A AR AR AR | R s &
A R ARBG 0 ; B R 24 R PR R L, A — R IR
JEE S 1] A RRA A 2 i A U SRR Bt L 38 449 i i
s, BAEREREAR I 2 — FE R R
S L B o s AR S R e AR IR (T
X =& AEREARFIE S A I 30 A — e AL

#3 RERRTHSHRE

Table 3 The values of health risk evaluation parameters *°~>°
2R L HufH
Parameters Units Numerical value
R FH(ED) . ”
Exposure period (ED)
I FRMA(EF) d-a! 250
Exposure frequency (EF) a
AEF IR (ET) o )
Exposure time (ET)
JRAEE H A L (IRS) o 100
Daily ingestion of soil for adults (IRS) me
JR N H I (IRA) g 145
Adult daily respiratory volume (IRA) m |
y BRIER BU(GSF g1pgr) HHH 1 L0 Surface)
[ = ace
v shielding factor (GSF,,) Dimensionless =20
TR HE 2R BU(PEF) ! » 07101
m’ - .
Particulate emission factor (PEF) ¢
VU TR IE R HACE ) Y 099
87 area correction factor (ACF,,,) Dimensionless '
29 Ra TR IE IE R EU(ACF 59 AR 1 053
6Ra area correction factor (ACF ) Dimensionless |
SUREREQ) = 155x1071°
a .
287 decay constant (A)
20Ra BEAFHEIN) o 433%10-
a .
226Ra decay constant (A)
38 U 9”@5#54% ¥(SF9M§5T)
g- Bq!-a™! 335%x107°
28U external irradiation slope factor (SF,y,)
226 Ra ﬁbﬂﬁ%{l‘ﬁ#%?(s]:%ugm)
o g- Bq!-a™! 6.75%x1077
26Ra external irradiation slope factor (SF.,,)
B8U FEAREPREH T (SFg ) o -9
s Bq 126x10
U ingestion slope factor (SF;,)
226 Ra TE/\%‘I’%W%(SF%A) , 5
Bq~ 796x10°
26Ra ingestion slope factor (SF;,) d
B8U AR F(SFiy 0 ) , .
e ) Bq 6.39%10
U inhalation shot slope factor (SF;,;)
220 Ra A SR T-(SF g 1)
Bq™' 761%x1077

26 Ra inhalation shot slope factor (SF,,;)
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2500 S “fﬁEXpected value
3000 ‘T‘d ﬁﬁéﬂvﬁ(Lower percentile
o @ —— FBRE MU Upper percentile
o 2000 3
= e E
& q @ = 2000
n < <
25 150 % E
82 =z
5 & 1000 218 1000
TP R 3
a )
500 o
0
0 . s . s L
ABCDEFGHIJKLMNOPQRS 0 500 1000 1500 2000 2500 3000
RFE UG EE/(Bq-kg™)
Sampling points 28U activity/(Bq-kg™)
18000 o | Expected value
16 000 15000 3 ,‘Rel'erence line
—~ ég V. iﬁ(Lower percenti -
=1 S — ) il
n 2 14 000 i:) 10000 Vi ¥{Upper perceritile o
& s
£ Z 120000 o o
A< 23
= 2 10000F % g 5000
EZ ol 5 2
52 B3 0
£ 5 6000F 3
S 4000} & —5000
20008 ~10 000
ABCDEFGHIJKLMNOPQRS -5 000 0 5000 10000 15000 20000
KRR 26Rafil BE/(Bq-kg™)
Sampling points 26Ra activity/(Bq-kg™)
—‘: 5 O I{A{{Expected value
P I 4t Z: 2k Reference line
£ —— IR E /% Lower perceniile o
TE a4 3  FHEF M Upper percetil
& I E
b >
g2 ig 3 2t
@« 3r S g
<~ & H g
I E ]
=B 2t = & ot
£ g
® g- ) o
2 i
ABCDEFGHIJKLMNOPQRS -2 0 2 4 6
o %ﬁé'ﬁ: . AWM /(Bgm>s™)
i 4500 Sampling points Radon precipitation rate/(Bq-m=s™")
- % o jE'JEI‘Wﬁ]ﬁxpected value
= 40001 — ZERelerence line
5 4000
&S A3 Lower percentile
£ E 35001 E —— B F 40 4 Upper percentile o
a2 L E e
2 3000 a =
> 5 £ 2000
=%  2500f % g
el 'y
= E 20000 ]
ﬁ £ isoof 73 0
N =
gy =t
% _dé 1 000, o
)
2 -2 000
s 0
< ABCDEFGHIJKLMNOPQRS -1 000 0 1000 2000 3000 4000
RFER VAR SR/ (nGy -h )
Sampling points Air absorbed dose rate of y radiation/(nGy-h™")

1 FSHERTHERER Q-Q
A NEMEAY, B NE 2 MIEAY,C N 1392 A5, D N 1470 E 65 E 2 1490 JE A4, F 1440 05 ,G h 1480 i35,
H 2K 1520 B3 ,1 0 1560 A3, 1 Kk Tolk gt K bk G i B Tl 3, L Sy i Tl b, M IHRRE Tl 3
N AFELIPE, O A PG THIIX P AR X, Q R =HAFEIUR Tk R h—RET R, S A —HED &,
Fig. 1 Histogram of radioactive source term and Q-Q diagram

Note: A represents old 1-pile waste rock site; B represents old 2-pile waste rock site; C represents 1392 waste rock site; D represents 1470 waste rock

site; E represents 1490 waste rock site; F represents 1440 waste rock site; G represents 1480 waste rock site; H represents 1520 waste rock site;
1 represents 1560 waste rock site; J represents hydrometallurgical industrial site; K represents hydrometallurgical auxiliary industrial site; L represents

crushing industrial site; M represents old crushing industrial site; N represents explosives depot; O represents western shed area; P represents living

office area; Q represents industrial site below the Phase Il dam; R represents Phase | tailings pond; S represents Phase Il tailings pond.
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2.2 MR REECR

TS A% 2 BN 2SR e RS vh 1 3R RS Rl
St DRI I DX S S (Rt B 2 8 1 o
IRBE RS e S S a2 4B ) fr L, F
FEA TR IR 22 ) A EL B 2R, X X GB A% IE B T
PR HAT HEE L, B U P Ra HOE X
ST S Ay B A SR OR = R AR L LA A
(E2), & 2 fras, 75U FLiG B X & H SRR y
R 2 RO R AT LA, AT R R S
9027 F10.19, HI7 Ra Fbi6 B XF 2T H K |y §R@ 5T
23 S SGR R LA B T Rk 0.79 A1 0.85, AT
PLE P Ra B IE BE G 0 S R A B R v
FU, TERC ) 5 ) 2 R AR B T R
HAWHE D, F A5 H AW, 76 A 241 st
] , BRSO A TG R L ) s TR L
AN R [R] B4 HE RS 1 7= 2 AR Ak, A% 2GR B K 3 O
RS 25U P Ra 145 7 i 1A A 75 22 300 J7 48
AR P, MO A AT AR KRR B2 e B
PR Ra [ HLTE B0, 520U g A SEME AR K,
1M7%°Ra FAUHY F I BE 5y R 5 25 SO0 4 % i
TE B, LA 3 il St U 300 3 B0+ A - ) 4

b SR PR IR Sk A& 3 BiR, Al — 2
VIR 7 X A5 0 PR VR TA BLBE &R, 76 0.01 3%
KR, U TR 30 57 Ra HUTE BE 0BT H 3R
25 S LR B R R R A M S RO 0.35.,0.52
044, ZIHIEFISE 55 HHCH: ;2 Ra LI B4 5
SN R 2 S R R A O RN
0.89 ,0.92, &7 H 358 5 25 S M I 5 5 it R AH OC &R

$k 093, Bk B R BEAH DG, R LA EE 200 W
16 RS2, Ra 16 X U8 HE A s =0 i o
Ry A A EEAE
2.3 G AR I PR

TEAEAE B S HE BOLAE R FREE L 0 i d 22
ik 25K g AU PE R R R
HBT R CCH R G B S R A R A A B AR A
YPGB 18871—2002)Ra **U 43 51| b # 5 Ik
BELH R LB PR B R B TR, 5T X i A%
X BCRAE SSE NP U 57 Ra Ir i il 78 AR S
B IPNEE R T3R5, WAEAE S KIS R E0L TP
SRR R IX AR S ECP U <40 8 TR
TEAE AR 25 KU s BIF 5T X 2 Ra 178 A 45 IXURS: 2 8 4%
15, ANETERR O AR AR S XU S50, T AF TR E A B KL
B 7 L 42.11% , i A A A XU 5 B 36.83% , 1R %
TEAE A AU & L 10.53% , — IR A JE . 25"
i E(*Ra)Zri o 1 190.12 .1 02501, J& T Mo i AE
USRS | i H 10.53% o RI XU 45 600, & 1
HEPE A1 Y 2 2 MEDE A1 3% 1470 R 41395 1440 [k A
Yy JKG B Tolk 3 KE245 5 POE8 THRIX A= 75 J»
ONIX FHAEINT Tl 7 b 5 A7 J&8 T o e A 4
KU, i b 47 37% 51392 K 4137 1480 K 4137 1480
JEATY 1520 K A7 3 1560 A3 K iE Tl i
e ol S IHRE R Tk 7 5 s A7 @ T b 45 0%
FEAEAS IR | o L 42.10% 5 60 TR A 1 X 3 — 0 2
WRE R R TR SR AR A SRR, o T
10.53% . MITMT S5 RF , B 58 X rh 280 7E AR B XL
W Hb X 5 i, B E/(P°Ra) 5 RI 45 5 H A M
P, FEIHPORa Kb XU 1Y BT R R A

R4 HHEEERERE

Table 4 Background values of radioactive source terms

28 U/(Bq-kg™ )P

26 Ra/(Bq kg™ B!

y AR s
/(nGy+h™")B? BT /(Bg-m ™ -5 7P

Radon precipitation rate

[X 3 Air absorbed dose rate of y
- /(Bq-m~+s™")BY
Region radiation/(nGy +h ")
JE R HfH L HfH T ¥fH Ll ¥fH
Scope Mean Scope Mean Scope Mean Scope Mean
4| National 1.80 ~520.0 39.50 240 ~134.60 36.50 - 99.10 0.74
[ World 40.00 40.00 - 84.00 -
WX 59550 ~
145420 637 ~16 551 2 96230 225 ~4 022 117990 025 ~490 134
Research area 2 335.10

LB SR AVE 3L v Ve 0/ =8

Note: — means there is no uniform standard value yet.
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Fig. 2 Linear fit of the radioactive source term
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Table 5 Results of potential ecological risk evaluation of the site

SRRE S ) . XU 259
P E* ) E{**Ra) RI Ml
Sampling points Risk level
1 HEEAS =10
. RELS 1647 74.11 90.59 %1&
Old 1 pile waste rock quarry Minor
2 HeE A 8
% A 9.78 4433 54.11 E‘m
Old 2 pile waste rock quarry Minor
1392 A di
Sk 27.59 12241 150.00 o
1392 waste stone quarry Moderate
1470 JF6 4 f
Vet 17.06 76 83 9389 il
1470 waste stone quarry Minor
1490 F A4 &
Bas 36.11 161.86 19798 "
1490 waste stone quarry Moderate
1440 JE A1 5 Tl
il 16.07 71.12 87.19 #1”
1440 waste stone quarry Minor
1480 13 &
Pt 33.68 147 88 18155 e
1480 waste stone quarry Moderate
1520 AL %
Ba% 37.13 167.64 204.77 "
1520 waste stone quarry Moderate
1560 &A1 5 4
ik 3347 146.00 17947 "
1560 waste stone quarry Moderate
Kid Tk Hh 4
ki L 2779 125.19 15298 i
Hydrometallurgical industrial site Moderate
I HTEY Tl Syt i
ki L 16.53 7488 9141 i
Hydrometallurgical auxiliary industrial sites Minor
Tl 3 &
Wiﬁi\ﬁ' lkﬁ, . 2455 110.09 134.64 "
Crushing industrial sites Moderate
[HR e Tk 37 &
% ﬁp, ZJ . 3226 14328 175.54 "
Old broken industrial sites Moderate
4 2 v
J:lE,jEJ?F 15.52 6827 83.79 EM
Explosives depot Minor
Y I ,Z: 7
T L 1341 6047 73 .88 EM
Western work shed area Minor
LRI X T
SRR 1513 6736 82,50 i
Living office area Minor
IR Tolk it ;
L . LA
Industrial site below the third phase 22.11 98.96 121.07 Mi
inor
of the reservoir dam
— WY AR
tgq% T 3834 115177 1190.12 fRalk
Phase | tailings storage Very strong
IR 1
hﬁ% I 20.69 100431 102501 fRalk
Phase I tailings storage Very strong
2.4 US EPA f@ XU PFAr SCAEH] US EPA FHE7 A fE R XU A8 Xof 375 Ml S

WFFER I TN PR S T A A HE AN Al R AR i A A6 35 AT A PR 45 R T
Feratnth , BB RUS SR B R IR B — K6, 45RRW, A Ra i i £ R XU (5 AR
SERRATRIE RIS DR MKk B SRR, R BUTU S 1~ 2 RO, BETZ g T A
W 2> S AR MO AR A, e A R SE L AR T AR SRR T Ra, e KRR RS TR AT PR L, Bk
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KU H A 1.16 x 107*, J& US EPA #E 18 #% K XU
(107 1.16 155, U S K XUBAE A 1.87x107°, 4b
TRl sz du By, Hodr, DA R B i 42 8 7> Ra
B KX A 336X107°, (7 1 28.97% , #EA 8
KRR 8.19x107°, (i Ltk 70.6% , W A ik 48 e K
UBSHEAIR T 107", AT Z B SO A2 e R 2 2
iz, 0 IX TAEANGE RN EZERTE RN
e, 72 TAER ] N 332 BUR R AR 4R G 2 65, LARE
KTAE 8 h F M MG RIS RE R, 45RR
B, ™ Ra Xt TAE AN G LIAMRGT A A& 12
T8 R KAEZRFE R 7051 4 49.78 110 292.65 F11.68
x107* Bq( /MBS AL R EPUR SACER FE 1.0) ,
BRI 10 34243 Bq; 72U 1Y 3 Pk k2
TR 13121 542.11 F1236%107* Bq, i K E
FhFR 1 46523 Bq, it —RKI? Ra BN 2L
RS TR, ARSI AT R A2 i s 18 45 TR
JRASTERD T, X AN 36 IR A 5200 B O A% R
WU P°Ra $&TH BT, PEA N A TG AEE, 720
XA G T TAERE, RICT — 2 iy 8 3 B 4, (K TH
S A EARNE S E R S T, B G ) 5
TN AR DX R4 2 AR AR SR04/ R o 1
RIS IR o B X R 2 TR PR A% 2R 0 e B 46 B B
J BRI E SRR, IR T 75 G ) U R BE
2.5 RSHEARON RS A WA R

AR ICRP HEFE WA SRR XS i 92 IX 25 X

BRI ARA SO0 B HEAT IR OT PR A L2 B 0 XURS:
(ELCR), X 47 it 2 A7 4 e 480 fb b 31 1530 L AR ¢
i, AR AT DGR TR RS % &
7 7 8 43 RS X AR A ROR) R AR B DA
iR, RN R X EANE RO s T EN L 4
W4 1.10 ~19.73 028 ~4.93 mSv, it Tt F 1y
H(ZE4H0.072 mSv, N 0412 mSv), HF58 X i K4E
A RHGA T IK 24.66 mSv , S T FF- KA RG] &
(0.484 mSv)IY 509 1%, KA HGH iR 4 476.32
N - Sv LA JiE R XU 2 81— 1Y 28 K T4
SR 0 M 5, AR 5 IX e 2 A g 0 LS R 9.53 X
1072, Bt RO F-(1.694x1072) Y 5.64 15, it
W X A b X AR 2 R 32 796 m*, &4 RE
JiE 1.35%10" Bq, Tk i FLZ) ok 47 044 m* | &
SRR 1.07x10" Bq, BH I FIZ) 36 503 m*, &
AEREICEE 4.57x107 Bq, MWITHEEHKFE, B0 E
MRIH 2 SR I S A R ) R 25 e i, o
B KB AR T 1Yy fR S s SOG4
[ e Wi A1 Tl N S Sy g e W i B L 7
TR P[] 422 fh, 3 77 91 A S e R R 1Y) ol b -
Hi20Ra B2 AR I 972 R B 744 T i v <AL
R RE R FH R A9 R B HL AR B IR
IR y A S s SR o 3 AR A 1Y 2
REAEIE R Ry B 2R R R A N Y PR AN . - ELAE
ANBERUBE S ORI BE BT i T2 AEH AR T+

F o6 IGMHSEREREREIFMER
Table 6 Results of health risk evaluation of radionuclides at the site

L3 2 ¥

. AR /Bq K MR TR /Bq 5 59N
73 /(Bq - kg™ R - SR A '
) o Exposure Maximum total ) Maximum
Nuclide Activity range Exposure pathways Risk value .
: /Bq exposure/Bq total risk
/(Bq - kg™)
HhHE ST
192 ~49.78 129%107% ~336x107°
External irradiation
226 %g 4
Ra 5955 ~2335.1 Ingesti 396.13 ~10 292.65 10 34243 3.15x107% ~8.19x107° 1.16x10~
ngestion
A
Inhalat 645%107° ~1.68x1073 491x1071% ~128x107"
nhalation
S5
o 335 ~13.12 1.12x107% ~4.39x1078
External irradiation
N
By 637 ~16 551 Iecsi 37033 ~1 452.11 146523 467x1077 ~1.83x107¢ 187x107°
ngestion
WA

6.03x107° ~236x107*

Inhalation

3.85x1071 ~151%x1071°
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Table 7 Annual effective dose evaluation results

I BT B AN T 1) X, 96 A R T R K
Hor R R g m BB/, O S 8o b U
RR U EREAR , DL SR R Y R %

A

Point location

Outdoor annual

FEIMEARE/mSy % AR R it /mSy

Indoor annual

A 0 i mSv

Annual effective

ARG HG R [N -Sv)

Collective effective

2 R (x1072)
Lifetime risk (x1072)

effective dose/mSv effective dose/mSv dose/mSv dose/(man - Sv)
1 YR A
% REGT 124 496 620 112520 240
Old 1 pile waste rock quarry
&2 MRS
. el 0.71 2383 354 642.18 137
Old 2 pile waste rock quarry
1392 B
ekl 135 542 6.77 122871 262
1392 waste stone quarry
1470 KA S
Sk 091 364 454 824.70 1.76
1470 waste stone quarry
1490 AL
ZaY 092 3.69 4.62 838.06 1.78
1490 waste stone quarry
1440 % A%
a% 130 520 6.50 117974 251
1440 waste stone quarry
1480 K414
Ba% 125 501 626 113633 242
1480 waste stone quarry
1520 KA
ikl 2.65 10.59 1324 2 402.88 5.12
1520 waste stone quarry
1560 JE A3
Lk 1.81 722 9.03 1 63827 349
1560 waste stone quarry
IKiG Tk 4
ki _lk j" b L 0.87 349 437 792 43 1.69
Hydrometallurgical industrial site
FRIGHBY Tl 4
Hydrometallurgical auxiliary 039 1.55 193 350.58 0.75
industrial sites
MR Tl 3 1
. ? ZJ . 146 583 728 132219 282
Crushing industrial sites
IH B E Tk 37
% ﬁp_ ZJ . 1.15 4.60 575 1042284 222
Old broken industrial sites
YEzh
J:/E_/JE 0.70 2.80 350 63439 135
Explosives depot
B TAIX
e L8 0.55 221 2.76 500.83 1.07
Western work shed area
TEIVA X
,E_E(Ejj - 028 1.10 138 25042 0.53
Living office area
SR T
Industrial site below the third 035 142 1.77 321.64 0.68
phase of the reservoir dam
— IR
i . v 4.68 18.71 2338 424371 9.04
Phase | tailings storage
— s
WRT 493 19.73 24.66 447632 9.53

Phase Il tailings storage
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Table 8 Evaluation results of annual radon release
X 35 T F/m? M R E/(Bq-m™ -s7") AR BRI /Bq
Region Area/m? Average radon precipitation rate/(Bq-m™ +s™!) Annual release of radon/Bq
AT HEY
ZERY 32 796 131 135102
Waste rock dumps
Tk
T 47 044 0.72 1.07x10"
Industrial sites
By
a3 36 503 397 457x10"

Tailings pond

3 1118 ( Discussion)

TF 5% DX TCSRS 1 Y 0 d  , 2P U LT
5955 ~2 335.1 Bq-kg™',” Ra L1 637 ~ 16 551
Bq-kg™', 4 R 4t AR AREAE A 15.08 fF ~
59.12 % 1745 % ~453 45 £%5H1 14 89 5 ~58.38 £,
15.93 £ ~413.78 A5y H 25 MG 2 3850 51 hy
A SRR 11.91 45 .14.05 135 ; 0T %
T AL T2 E I FEIH 034 1% ~ 6.62 17, S R bR &
LI F R XSk

PEU LI BT 2R Ay G s SR
RIG TR B9 027 019, Ra LI EE 4
Br b 28y RS A SO = R A] e R ECH 0.79 AN
0.85,”Ra b i B X il 5 M U5 00 09 L & =
FPU U IR B 57 Ra Hoil B AT R AR
W WS 53 9 e 6 S R 58 R DG (R G R B 0.35
0.52 Fl1044),” Ra WG R &0 2 28 SRR
FHE A8 = 3 2Z ] 3k 3] 5 BE AR SC (A OC R 4R 0.89
092 10.93),

TR A 25 AU 48 B0 45 AL 3R WIS i e AR 2 U
ST B K, PO Ra XL XU Y BT R 5 US
EPA it 5 XUBS PEAf 45 5% 772 Ra S 32 2 119 il B XL
Bk i AR R E BN BRRRGE, PFRXEs
ARSI RAE A BGR Ek 24 .66 mSv & FLFH K
AR R LY 50.9 4%, B KR A &GN &=
447632 N -Sv, e K& e KR 9.53%1072, J&
MRS EIKT09 5.64 i, BF5E X fe K &UAE B
1 4.57%10" Bq, M FLZ) 36 503 m® , 45 T 772
YRR S i XU 5 Y i e B LI

BEEEEN:BM1964—), B, B4+ #i% T 2HAT @
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