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Abstract: Based on the measurement of y radiation dose rate, radon radioactivity and **U, **Th, **Ra, “K radionuclide testing, the
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radioactive anomalies of coal— bearing strata in East China were identified to evaluate the specific activities of natural radio—
nuclides in air, solid, water and plant in the typical area of the regional coal—bearing occurrences. The results show that there are
significant differences in natural radioactivity between the Carboniferous—Permian common coalfields and the Cambrian stone coal
occurrences. The y radiation dose rate and radon radioactivity measured on the surface of ordinary coal mining area are generally in
the background level range, and the nuclide content of solid medium, water body and plant samples in the mining area is in the
normal level, and there is no radioactive pollution. The stone coal distribution zone in East China belongs to the high background
region of radioactive y radiation, and the **U and *Ra obviously are accumulated in coal, coal gangue, soil, rock, and the spatial
distribution of these natural radionuclides shows significant variability. In the monitoring area, the effective dose of y radiation
exceeds the international limit value of 1 mSv/a, the total effective dose exceeded 2 mSv/a, and total o and total B concentrations of
the groundwater are 10~30 times of the limit values. The y radiation shows higher background value in the stone coal—bearing area,
and radioactive pollution cannot be ignored. The public in the stone coal area of the East China is subjected to higher radiation dose,
and groundwater, building material and plant have been contaminated by radioactive pollution sporadically. It is necessary to

strengthen monitoring of radioactive environment and take appropriate control measures.
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Fig.1 Distribution of coal—bearing strata and radioactivity monitoring area in the East China
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Table 1 Measurement techniques for laboratory analyses and radioactivity survey parameters of the coal—bearing strata

in the East China
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Table 2 The specific activities of natural radio—nuclides in solid media of coal-bearing strata in the East China

BERE SRR TR A I FE S EE A 2*U/(Bg/kg) 2Th/(Bg/kg) *Ra/(Bq/kg) “K/(Bg/kg)
JR AR 27 56.0+20.5 47.7+16.4 5474219  284.6%185.7

Rl 16 64.0+23.2 79.2431.6 56.6+27.2  577.9+191.8

R plibdit] Eﬁ%;j% +3% 19 60.5£32.0 52.2+17.0 58.5£30.8  444.5+£152.0
RRA P 5 166.4+81.5 128.0+48.5 168.8£97.6  576.0+202.0

HA 11 62.4+70.5 48.6+36.5 56.1£70.2  411.1+377.0

i 19 790.0+1383.4 29.8+19.7 778.14670.2  656.9+475.3
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45 101 102.9+121.9 49.1£15.4 104.8£117.6  556.1£201.1
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+3E 7777 39.5+34.4 49.1427.6 36.5£22.0  580.0£202.0

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(6)



484 ol VETI B AR A IX A A

AR RIS 5 A SR KU A 1795

BN 4 % R A A AT A I R s
P o S REAT A BRURE 23 BT 19 U > Ra #4{H LE
4 [ P 0 (B K (0.80,0.95 4% ), **Th \ “K )
1B b4 [ERRER A7 DU (W e (1.23 11445 ) 5 A IR AR
it 7°U *Ra K &4 B A E 1) 4.79.7.90
1.41 4%, Th Ho 4 FE AT 2 AR 2.(0.44 £%)
(Liu et al., 2007), S/ if58 XA BT A X U *Ra
MR R s e 4, 6 2 Thi% Z I 251k

HEZR b DX S5 A5 FH (9 17 X 4398 U **Th ™Ra.,
KB A% R B 4 i (60.5+32.0) L (52.2+
17.0) . (58.5+30.8) . (444.5+152.0) Bq/kg, 2 5+ %%
354 0.53.,0.33.0.53.0.34; S A A R X £
BTG R A B R (102.94121.9) | (49.1+
15.4) . (104.8+117.6) . (556.1+201.1) Bg/kg; & 5% %
BB 1.18.0.31.1.12.0.36, i 75 U Ra % &
AT T Rl | R~ SO 1 U B ol
() 20U *Ra J2: 4> [ ] iﬁﬂq 1.53.1.66 1, £7 14
WX 3 25U L Ra 2 4> 8 £ 3800 &= A 14 2.61 .
2.87 1%, 4= XM 2 Th K 5 4 [ - S8 42 (5 AH 3T
(Luo et al., 1995), S n e - b X 5 HEA R AT X 115
17U Rat% 2= 1 e s i 7K F

ERMXEEHEESHAERT XA A
[ **U. **Th. *Ra. “K it $ Pt #% & & & 72 0~
(62.4+70.5) . (48.6+36.5) . (56.1+70.2) . (411.1%
377.0)Ba/kg, 28 5 Z2 01 1.13.0.75,1.25.,0.92;
TETR M XA I X 5 A1 20 *Th, *Ra, K iU
& & a5 ol (106.3+355.5) | (34.5+18.7) .
(300.8+651.3) . (634.2+498.0) Bq/kg, 25 5 Z 5073 ]
3.34.0.54.2.17.0.79, E'mé\tak% EN S Y
AR 2 A 25 AR etk . AR AR IX B 72 ) U 6 R
FHEH 3.7 x10°°, EHIK T 7e 32 1.37 4%, 42 7R Hh
X RGN U FJEEY 20x107°~100%10°, 4
MR BT A 0 X Ao T 2ERSE, h & A
WA R R 20 2 Ra e A ERL 15 5. 50
X A ERRE A, 0 XA A 4 P R B K&
B SR 28 77X AR R XA KUk
ST A, S I R A 2 b T S0+ 394% 2K )
T2, A R e BB % R s oA () 1 —1k

LR T AEA R TAEX KR I
Yy U, **Th, ™Ra, “K 55 M % £ & & 50 5 0

s[5 5

(70.4+65.5) . (40.0£10.1) | (58.7+£52.7) . (728.5+
180.3) Ba/kg, L S PE A% R & w B AN . A B
H UL P Th, *Ra., K 9 M A% 2 & 550 5l ok
(196.7 + 115.4) . (44.8 + 14.4) . (258.4+102.3) .
(1038.9+£576.9) Ba/kg , F1 ML IRBE J5 1 e SEAE
AN SRR R "U P Th Ra  “K
T A% R 4 i ol (166.4+81.5) | (128.0+
48.5) .(168.8+97.6) . (576.0+202.0) Bq/kg, 4 Flii% %
PE A3 ) 2 SRR Y 1Y 2.97 .2.68 .3.09 . 2.02 1%, J5
WEZIRBE A% 2 IR ERAE . R A A
HVE B AR TS A7 I8 X LA IR AL AR IR 9
K A % 1 U, Th  **Ra, “K B 255
4391 (368.3+242.0) . (16.2+7.7) . (234.3+293.8) .
(184.5+160.3)Ba/kg, S A b 55T A B P 4%
RO mAY . PRI B 53 ok A R i P Ra % BT
3t [ S A v ) FRARE. (<200 Bg/kg) (Lu, 2003) , iy 2%
IEVEE SRR
4.2 KIEHERIZEIRE

AR BIFFE R ALK AARKE iy by M /K L R oK, H
FOKFERCHD X G, N KBCH BT IX
YT, HER AN b FAKAR 5 60 4>, R ZKFE A

401~(52 3),

e A X L K 25U 2 Th *Ra K iU
T 43 il Ay (34.42+68.98) | (0.31+£0.38) | (6.05+
5.62).(200.17+174.06)mBq/L , i o B SH ST
43514 (0.06£0.09) . (0.20+0.16 ) Bq/kg ; -3 44 FH ™
X M T 7K **U. **Th *Ra. K ¥ Z ¥ B 23 5 K
(30.33+£50.09) . (0.10+0.08) . (5.41+4.07) . (201.33+
260.99)mBq/L, &k o, BTG T BE 43 51 0h (0.05+
0.05) .(0.16+0.13)Bq/L. 54 [EI 5 AR 47K
SR (19908) A TRT 7K 7K il S 736 B HE 488 (Lo et
al., 1995), AR YA 57 i /s 57 38 15 A XK AR A% R 7
MR DAL TFIE R KT, T X gk 'ﬁf@
KB A R R BRSO, B BB
TS B I T T SR DA 2 AR I AR K DA
HERYBRAE 0.5 Bq/L .1 Bq/L(WHO, 2011), ANFEAEICS
PEIG Y

AT IX M1 2K 25U, **Th, *Ra, “K % K #k J&
45 51k (158.79 +568.34) . (0. 52i201) (28.00 +
55.78) . (53.84+55.46)mBq/L, ik o, Ak B SV 1%
239124 (0.17+0.55) . (0.18+0.39) Bg/kg, **U. *Ra
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Table 3 The specific activities of natural radio—nuclides in water media of coal—bearing strata in the East China

A SHHE BORTEAR REREE/D PUmBg/L)  *PTh/(mBg/L) *Ra/(mBg/L) “K/mBg/L) /H a/(Bq/L) & B/ (Bg/L)
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PEATIE S WA, AN B A T AR TS K

4.3 EYHRERIRE

AR YIS T BORE A R > b 3z 43 A HL
HARBENTEREEY, ok AR 3 2%
2T 2 Horp R A S IBUR 25 R AT
K2 hr, HoR MR P 2L S UVRE B 25 (R 4).

16 7R b X X 8 0 WO XA Wk 4l 4t
H12%U Th ”Ra K R & #5051 4 (0.42+0.34) |
(0.34+0.25) . (0.47+0.27) . (195.01+184.33) Bg/kg,
A5 S 2B R 0.81.0.74.0.57.0.95 ; 41 BEBT X A
YA 2 40 25U Th, ®Ra, “K % & & 170 51 N

R4 ERMRSREREYHERRAMSERZEERE

Table 4 The specific activities of natural radio—nuclides in plant sample of coal—bearing strata in the East China

WA CREEHLE BRI BERBE/D PUI(Bgke)  *'Th/(Bgkg) *Ra/(Bgkg) “K/(Bg/kg)
LR % 1 0.01 0.01 0.11 62.88
HNi 7 FAR 1 0.34 0.50 0.75 236.70
EOEMEE LTS FAR 1 0.84 0.63 0.41 79.93
PN SN V) 1 0.68 0.41 0.37 94.86
VLGSR FARY 1 0.21 0.17 0.72 500.70
TR 3 3.67 1.11 3.34 130.20
TREE TR 3 1.65 0.34 2.47 283.10
B SRS 3 0.21 0.07 0.58 94.97
. i 1 0.20 0.02 1.49 117.70
AR e
FANE: 1 0.01 0.01 0.11 62.88
A% 1 0.06 0.06 0.51 24.26
Frf .
TLPH{EIK AU 1 0.12 0.03 1.55 120.70
Sy A 1 0.02 0.01 1.24 82.42
- /A 1 2.16 0.25 3.97 105.70
WA
P 1 5.67 0.11 185.30 126.90
. AU 1 0.24 0.10 3.20 108.20
W
%L 1 0.22 0.02 1.35 69.00
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(1.19+4.82) . (0.18+0.31) . (17.09+52.99) , (110.50+
62.59) Bq/kg, 7% 5 Z K4 5 M 4.05.1.72. 3.10,
0.57. A1THER" XAEMIAZ 3R 53 A 52 IO 35 110 72 [1] 28
S, U P RaZ R EEM Y . MPALT LR
THESSFMEY R WIS ERE A, WS
Wy A A 58 TR SRS PR A% R AR IS B %% DA G
(Galhardi et al., 2017; Skoko et al., 2017), 1% X
T+ EA U Ra R SRR, Y
70 > Ra & W Wb R R SRS
RS REMIEAC, MY IERAS R H LU
ERRMNRE TR AR K I E KR |
25 Fh YU Th *Ra & 2 22 W 0, OIS
FER B . W X 32U *Ra ¥ E 5 5 4m 5
IV 5 1 278 S i A ) A, LA SR %t O A%
R IRICRE T )25 5 R T AEI IR 250 A il
F S AR e BRI AR AR L DO XA AR
YIREAZ O B AIR, 2 b E P AT AN AE
WS PE XURS: o YR 2 Ra B M AR Y R k2
(Zhang et al., 2011), AR A 5T &I W T IFALT X A
PI (= 35 7 °Ra 7 1t =36 185.3 Ba/kg, J& IE A
JEE i [X [F] A 5 B (1 100 2485, 9 Hg#E [ 2f
a2 S BRAE, o B B Y Ra B AR HRE 5 H
THEARED  ATREACREAGE (AT — 20 A o
5o
4.4 R yIIRHE . ENRIRESFUFETM

25 [0 NS AE TR W BT | PRI Hh 3R i 21 57
Bk B FH SRR R v R RG . RARGE
SR N T 327 i 56 B G 10) FBRUR A S AR
A= I R R R SR BRI W 35 22Ok R (UNSCEAR,
2000;Pan and Liu, 2011; Wang et al., 2014), 1F% 7
T 1Y p S 2 BRURE X At RS 23 165 it 3 L (H ok
JEE ) p S 4% HRSS TT B 2 6 AR IR LA B 2 7 A it
Prio y SHEXT AR B4 5 e T RESRT R B S A FH I
], AN AR N84 37 4 59 70 1K 24 2.4 mSv,
Hor BT 2 W A PN A 5 T A R S0k 1.26
0.48 mSv (UNSCEAR, 2000), i # — /A ARAE A
R Tn AR S5 AN RIS 1 mSv (IAEA, 2014).

JREBT A X2 AR R A A5 5 9 e 22206 F AP R
S5 AER IR H B ABEN LFEDSCOR
F]5%),

Fie FRCER I 1% 8 559 70 1 26300 58 B ) (GB/T

VETIBAE B IR M IX 3 I 3R AR 1 7K 45 A 2 R UGy 1797
14583—-93 )(SEPA, 1993)$2 LAY y 41 FE S AFA 2457 1
A
H=DxKxt

Kb H, ARG, Sv/a;

D,y sz SR %, Gy/h;

K, B4 2280, H0.7 Sv/Gy;

t,—AEH A ARTEA T S R INHTH] ,— i 8760 h

Fiz R ot b Jo 6 S 05 5 W AN LR ) (BI/T
977-1995) (CNIC, 1995) H1 23 Ak M A A 114 T 2
TR ARG AL A

H=0.5% X xgpxt

K He, ARGA L Sv/a;

0.5, 8 5 AP 8

X, AU, Bg/m’;

e, N Z M AR AR 1 e 48 R, B 1.7
10 Sv/(Bq-h/m’);

t,—SEH A ARTEA T S BRI TH] ,— e 8760 h,

AR IR AR EZ A R Y 13 A =
M T MR p S ) R e S AT
M, I XA y SMRGHAEA RO & A
TR RGN B B A ORI (R 5)

HE IR 1 DX 7 3 O T b 2 o 6 S5 7] R R (95,24
46.8)nGy/h, 2L Ty 48.0~176.9 nGy/h; &k ¥ 5
ST R 5 (19.5+8.9) Bg/m’, (0.1025+0.0798 )
Bq/m’ - s, A8 {1 Fil 43 %1 4 5.4~35.7 Bg/m’ . 0.0016~
0.3124 Bq/m’ s, fi. 7 ML 2 R ARG G 25 [R] 43 A () AN 1)
— s MRy FR T R AR AL T IEE AR
Bl , S AR Ao R 2R )2 A S 1) 238 53 03 X (L
(<174 nGy/h) o 4= X WE 538 S50 o SRS A A 3L
FHE 4 (0.58+0.20) mSv/a, WA FIAAEA RGA &l
(1.52+0.56) mSv/a, ™ X J& B S A 800 224 (2.10+
0.56)mSv/a, I W XA A2 KIR GRS R
TR A 25 AGEAE, TRy SNBSS R A WG R 3
KBy E PR FRUERRE 1 mSv/a (IAEA, 2014), 2354,
W YA 5 4 2 AR B YME(20.7 Bg/m)AH Y,
AT R R T A ] AT S R
(0.0043 Bg/m’-s) , {H 4R 5 23 K AW IR T A
A 1 21 (WHO) HE 772 19 BR{E (100 Bg/m’*) (Wang et
al., 2014) , 2R A5 4 AT RN T B K bn
HERRT(0.74 Bq/m®-s)(SEPA, 1993),

HETR M X, F2 B A W X b %
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Table 5 Radioactivity monitoring of terrestrial y—external dose rate, radon and annual effective dose of natural radio—

nuclides in coal—bearing strata in the East China

. X Ry IRy SN AT SR E/ AT/ WNEFRERR
A . WAL I o o ISE SRS Eli=v)
om I R U m #/(nGy/h) #=/(mSv/a) (Bg/m*) (Bg/m*-s) 57l &/(mSv/a) B

¥l el M 0 ] B R B PiEnEH ¥IfE BLE |

ke 25 128 83~166  0.78  0.51~1.02  20.7 14~27 0.0043 0.0032~0.0059 1.54  1.04~2.01 2.32
TR 15 61 42~78 037  0.26~0.48 32,9 33~34 0.0100 0.0090~0.0120 245  2.45~2.53 2.82
- TsEZ 20 137 101~170  0.84  0.62~1.04 239 11~35 0.1926 0.1188~0.3125 1.78  0.82~2.61 2.62
. THEEM 15 118 80~177 073  0.49~1.08 137  5~22 0.1381 0.1012~0.1725 1.02  0.37~1.64 1.75
TSR 15 66  44~92 040 027~0.57 108  5~22 0.1310 0.1119~0.1646 0.80  0.37~1.63 1.20
THEs 15 86  46~125 053  028~0.77 166 11~28 0.1422 0.1103~0.1614 124  0.82~2.08 1.77
I 10 63 48~78 039  0.29~0.48 242 22~31 0.0031 0.0016~0.0042 1.80  1.64~2.31 2.19
IS 69 183 52~725 1.12  0.32~4.45 47.1 33~81 0.0940 0.0120~0.2640 3.51  2.46~6.03 4.63
TRASG 16 218 71~956 134 0.44~586 618 33~98 0.0510 0.0100~0.0780 4.60  2.46~7.30 5.94

1 LB /K 55 304 70~1179 1.86  0.43~7.23 122  3~31 0.1165 0.0357~0.2966 091  0.22~2.31 2.77
e WHLIT4E 50 205 61~1514 126  0.37-9.28  20.7 12~28 0.0043 0.0024~0.0060 1.54  0.89~2.08 2.80

WHLEM 30 210 55~571 129  0.34~3.50 403  22~59 0.0100 0.0097~0.0102 3.00  1.64~4.39 429
PG ERE 90 209 60~1164 1.28  0.37~7.14 42.6  18~72 0.0251 0.0049~0.0713 3.17  1.34~5.36 445

T * AN

F 4 2R N (221.5+42.10) nGy/h, 28 L Y8 [l K 52~
1514 nGy/h; 20 B 5 %007 H 2R 5300 00 (37.5+18.1)
Bg/m’. (0.0502+0.0462) Bq/m’ - s, 28 k. 11 il 43 %1 Ky
3.0~98.0 Bg/m’,0.0024~0.2966 Bq/m’ - s, 4% W il [X.
bRy A R e AR A (X R O AR M R S A
RO X A, R TR R E X, X
WA S Ay S BRSAE A RIGR 1 R (1.36+0.26)
mSv/a, W A& T RAFA S0 58 (2.79+1.35) mSv/
a, " X JE BB RGN & (4.15£1.21 )mSv/a, £ 4
WX A AR 22 RARGR A 2R [ y SNBSS 253
TR GRS . TRT y SN 5 i W i) e 34
o 7 E BRARHERRAE 1 mSv/a, MASGA R T2
mSv/a, B85 BB oA X, IR B A B T
TLIHAL TTPEIE K AW XY p Sh BT 5 [ Y
ARG AR = T b E AR AEE R 5 mSv/a, ZBL
SR A B 5T LR T X R A
30 Bq /m’, A IR RGN 4 5 3 mSv/
ao A DX BURNG YR B, IREE T K sl vk
VA ISR T ™ A TS e

TR EL TAR X p R 5 25 SOSN8 55 (E
Pl S 00 B Sl ) v ) v P IR A A B T
P ARG P — A 2R ) ) v 7, HOR A8 30 (U 8 (]
2)o FEAMED AT HOIE B A 5 B S G,
BT X AR RS B {E G p 2R 738 nGy/h, fi

T DX PG AL Y e fE POy F AN 565 nGy/he 411
R GREL TAE Xy BRI AS K (75.4 nGy/h) B A A X 5
B ST I Y (12.9 nGy/h) J , p 365 H 1 b v BR
174 nGy/h i F FR 4 262.3 nGy/h, §kE TAEX y 455+
IR BR A X SR T AL 2R 6.0 ks A1 1A SR
GYAR I y SRS R 1A 8557 5 3.20 mSv/a, & T
1A P IR 5 ) 5l 4.98 mSv/a, A R B 8.18
mSv/a; 5 UG RE A A, AT S BRI A 5.1
mSv/a,

WV AL T AE Xy % 56 500 £ 227 24 {6 2 205
nGy/h, J& BB ) AR = 1 5t . TR A X P b
2y FR A AT 2 BUIH B AN B R 7R A X
KRG 5B MM MR L EIRFH/ N AR 5P
B y R S S O (B 3). 0 X i fE Gy
R 2R 1514 nGy/h, F1ER8CE TAE Xy 58 55 A< IK
(72.3 nGy/h) S =¥ B4R IR I (12.9 nGy/h) )i, y 3
AR fEFR (A 174 nGy/h 1Y T BR A 259.2 nGy/h,
FEAL AT DXy B 35 P 8 PR DX 3l AR 5 3.0
km?o AR A Xy SN BB SR R A A R
1£9.28 mSv/a, & TP RG24 1.70 mSv/, BA
BRI 10.98 mSv/a; 5 EFX R AT LB, AT
S BN i 8.45 mSv/a.

TLVGAE K AT AT DX 79 4 340 A W A2 2
(A ], A FREAT DX p S 7R e R A R S T 1) o)
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Fig.2 Contour of y radiation dose rate in stone coal—bearing strata in Shexian, Anhui

27 AT FEAE (B 4), e { DXHE e I DX pg b A 1)
AR B BTl A o A Aty R AR AR R 5 &R y
R RS . AR AR TP AR DX p R
70 Bl A 242~1179 nGy/h, ¥I{E 1] 1K 662 nGy/h, £1 /4
W s,y PR R (R R AL B XS BE A 9 3.0 %, 411
BRIEIK TAEX y fR 5 P A IAE (143 nGy/h) AL #:
XoF S SR B (12.9 nGy/h) S5,y 3 i bR e
FRAE 174 nGy/h i) F BR 4 429.9 nGy/h, &K TAEIX y
S 7K T e PR AR DX Sl T AR L 8.0 ke A7 BREAT A
e A Xy SR G5 R A 855 04 7.22 mSv/a,
ST PN IR SR R 2.27 mSv/, B RGR R 9.49
mSv/a; 5 5B R LU, A B s A g A X R
JinsAl & 5.94 mSv/a,

VLY 58 TAE DX p 4 s SRS e 2R A A
AR AT L T —TE 4 ORI —ik K ILIE W
A 0 R BRR (A (]S ), Ao ] — T 43—
11 1 S DX TR A P8 B R, 4 DX 1) e ) o

{5 5 45 1164 nGy/h s A fE Bb Ak o 1B /AER T
VDX y 5 5 AR IS B AN X 5 S 6 B MR L I, 1 i
A bR vE PR 174 nGy/h 19 F BR 4 243.8 nGy/h, /\
HBTAELX p FR S 7K V8 FR AR DX 3 A v A T A —
B Je ik R I — RIS A X 8, R EAE X
BAFSEE, SaTf AR2R 17.69 km?, 8 BRH X P A 0
OB . AR R A A Xy ARG S [ A
BN 0.76 mSv/a, & TR I R 5 F B R 3.17
mSv/a, S G 3.93 mSv/a, 5 EEFXT R S L
BEVLVE B8\ ERA B s B vh J3 A7 DX ) £
2.43 mSv/a, Hrfry SRS IRAR (5 BN ) 7%, %
NE SRS 5 BRI 19 93%.

5 45 &

ASYCHIF T T B P ISR 5 3 A%
R AT, P A AN AR R M DXL AR I 2
TR KA AEISEA 5 R IRTEO K e 14
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Fig.4 Contour of y radiation dose rate in stone coal—bearing strata in Xiushui, Jiangxi
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Fig.5 Contour of y radiation dose rate in stone coal—bearing strata in Shangrao, Jiangxi

IR X Y B A R A Y S AR

(DA M IX AT T A0k & B 2035 38 A
-5 A7 T 98 R R B A XA AR A B8 R
BRALZET 5, R 25 5 1 AR KO .
I A X AT A I A R TR
A% 2 MU P Th *Ra, “K & A T IEH K A3
™ DX B FEMAA S JORE 0 250 ™ Ra i R w0 B, 2
AR B A S

(2) 45 7R 3 X 32 3 A P s 3 o 48 S50 e oAk
b IEH AR L, 28 SR | 3T
By AR R AR P R R AR v R . Ay
A7 b3 y FR S 70 i 3 TR = X, A
TR XA AR 32 RARER S E 2R A y SN 55K
TR A AR W X R Ty SRR 5 R

(A I TR) AR Ao R B v BB 1 mSv/a, A R
P T2 mSv/a, AR Ry B A 0GR B
R E AR ERRAE 5 mSv/a.

(3) 46 7R b IX 38 3 A5 FH A XK AR 26 5 e IR
AT IEE KT ML R LG R, AR
FPETG e o AR XA T K B YA
Jo B L A TS Y o A T DX R AR
PRI R, 7 X2 A 32 3 e 3R s R 53, A7 A
PEVG YL PRBE BV RS, IO 580 Ay REA DX B 1 34
B

References

CGS (China Geological Survey). 2014. Quality Assurance

Specification for Laboratory of Radioactive Mineral Analysis and

http:/geochina.cgs.gov.cn H1[EHBFT, 2021, 48(6)



1802 th [

b J 20214

Testing (EJ/T 751- 2014) [S]. Beijing: Geological Publishing
House (in Chinese).

Chatupnik S, Wysocka M, Janson E, Chmielewska I, Wiesner M. 2017.
Long term changes in the concentration of radium in discharge
waters of coal mines and Upper Silesian rivers [J]. Journal of
Environmental Radioactivity, 177:117—-123.

Chen Shizhong, Yang Jingsui, Zhang Zeming, Liu Fulai, Li Tianfu,
Qiu Haijun, Niu Yixiong, Wang Wenxian, Xu Haijun. 2005.
Natural gamma—ray logging in the main hole (100—2000 m) of the

Chinese  continental scientific  drilling project and its
significance [J]. Geology in China, 32(2): 239— 248 (in Chinese
with English abstract).

CNIC (China Nuclear Industry Corporation). 1995. Evaluation
Requirements for the Environmental Impact of Uranium
Geological Radiation Environment (EJ/T 977—1995) [S]. Beijing:
China Atomic Energy Press(in Chinese).

Galhardi J A, Garciatenorio R, Bonotto D M, DdAz F I, Mottaet J G.
2017. Natural radionuclides in plants, soils and sediments affected
by U- rich coal mining activities in Brazil [J]. Journal of
Environmental Radioactivity, 177:37—47.

Huang Wenhui, Tan Xiuyi. 2002. Uranium, Thorium and other
radionuclides in coal of China [J]. Coal Geology of China, 14
(Supp.): 55-63 (in Chinese with English abstract).

IAEA (International Atomic Energy Agency). 2014. Radiation
Protection and Safety of Radiation Sources: International Basic
Safety Standards[R]. International Atomic Energy Agency, Austria,
Vienna:1—436.

Jiang Rangyun. 2007. Survey of radioactive level and radiation dose to
the miner in Zhejiang bone—coal mine[J]. Radiation Protection, 27
(3): 163—170, 187 (in Chinese with English abstract).

Kiibek B, Sracek O, Mihaljevic M, Knésl L, Majer V. 2018.
Geochemistry and environmental impact of neutral drainage from
an uraniferous coal waste heap [J]. Journal of Geochemical
Exploration, 191: 1-21.

Liu Fudong, Liao Haitao, Wang Chunhong, Chen Ling, Liu Senlin.
2006. Database of nuclide content of coal and gangue in Chinese
coal mines [J]. Radiation Protection, 26(6): 362—366 (in Chinese
with English abstract).

Liu Fudong, Pan Zigiang, Liu Senlin, Chen Ling, Wang Chunhong,
Liao Haitao, Wu Yihua, Wang Nanping. 2007. Investigation and
analysis of the content of natural radionuclides at coal mines in
China [J]. Radiation Protection 27(3): 171—180 (in Chinese with
English abstract).

Liu Qiang, Jin Hongtao, Zhu Wei, Tian Hui, Zhang Sen, Ju Nan,
Zhang Yan, Yan Xiaoming. 2020. Study on the Comprehensive
Evaluation Method of Geo environmental Radioactivity of Coal
fields in Northeast China [J]. Geology and Resources, 29(4): 388—
396.

Luo Guozhen, Huang Jiaju, He Zhenyun. 1995. Natural Radioactivity

Level in China [M]. Beijing: China Atomic Energy Press, 1-716
(in Chinese).

Li Huijin. 2003. Radioactive pollution in bone coal mining areas in
western Zhejiang [J]. Geological bulletin of China 22(9): 725—728
(in Chinese with English abstract).

Pan Ziqiang, Liu Yanyang. 2011. Enhanced natural radiation exposure
enhanced by human activity—the largest contributor to the Chinese
population dose [J]. Radiation Protection, 31(6): 323— 327(in
Chinese with English abstract).

SEPA (State Environmental Protection Agency).1993. Specification for
Measurement of Dose Rate of Ambient Ground Gamma Radiation
(GB/T 14583—93) [S]. Beijing: China Atomic Energy Press (in
Chinese).

Skoko B, Marovi¢ G, Babi¢ D, Sostari¢ M, Juki¢ M. 2017. Plant
uptake of **U, **U, **Th, **Ra, *Pb and “K from a coal ash and
slag disposal site and control soil under field conditions: A
preliminary study [J]. Journal of Environmental Radioactivity, 172:
113-121.

UNSCEAR (United National Scientific Committee on the Effects of
Atomic Radiation). 2000. Sources and Effects of Ionizing
Radiation[R]. New York,1—156.

Wang Chunhong, Pan Zigiang, Liu Senlin, Yang mingli, Shang Bing,
Zhuo Weihai, Ren Tianshan, Xiao Detao, Yang Weigeng. 2014.
Investigation on indoor radon levels in some parts of China [J].
Radiation Protection 34(2): 65— 73 (in Chinese with English
abstract)

Wang Guokun, Xi Chaozhuang, Liu Kaikun, Li Yantao. 2017.
Assessment of coal— bearing strata uranium mineralization and
impact on environment in Guizhou Province [J]. Coal Geology of
China, 29(3):58—61 (in Chinese with English abstract).

Wang Honghai, Zhang Linxi, Xu Naizheng, Wei Xinxiang, Dou
Xiaopin. 2017. Investigation and evaluation of radioactive
environment in a bone coal mine area in Xiushui County, Jiangxi
Province [J]. Radiation Protection, 37(6): 476— 482 (in Chinese
with English abstract).

WHO (World Health Organization). 2011. Guidelines for Drinking—
Water Quality (Fourth Edition)[R]. The World Health Organization,
Geneva, Switzerland,1—-564.

Waufuer R, Song W, Zhang D, Pan X L, Gadd G M. 2018. A survey of
uranium levels in urine and hair of people living in a coal mining
area in Yili, Xinjiang, China [J]. Journal of Environmental
Radioactivity,189:186—174.

Xiong Zhengwei, Yu Yilin, You Meng, Guo Chenglin, Zhou Shukui,
Yu Zhenxun. 2007. Analysis of environment contamination from
concomitant radioactivity of coal mine source [J]. Journal of China
Coal Society, 32(7):762—766 (in Chinese with English abstract).

Xu Naizheng, Wei Xinxiang, Kuang Fuxiang, Zhang Linxi, Liu
Hongyin. 2018. Study on natural radioactivity level of stone coal—

bearing strata in East China [J]. Environmental Earth Sciences, 77:

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(6)



5485 B 6 1Y

VRIS AR D3 R R AR K5 A A A R XU DA 1803

726.

Ye Jida, Kong Linli, Li Ying, Zhang Liang, Jiang Shan, Wang Ming,
Liu Hongshi, Zhu Jingiu, Shi Jinhua, Chen Changhua, Zhang
Zhengguo. 2004a. Study of radioactivity effect of mining and
utilizing bone—coal mine on environment [J]. Radiation Protection
24(1): 1-23 (in Chinese with English abstract).

Ye Jida, Zhu Li, Wu Zunmei. 2004b. Natural Radioactivity Level in
Bone— coal Mines in Zhejiang Province [J]. Radiation Protection
Bulletin, 24(4):21-24 (in Chinese with English abstract).

Yue Yumei, Song Gang, Zhang Zhigiang, Fu Yingjie, Chen Diyun.
2011. Studies on natural radioactivity of soil in North of
Guangzhou [J]. China Environmental Sciences, 31(4), 657—661 (in
Chinese with English abstract).

Zeng Lingsen, Liu Fulai, Zhang Zeming, Yang Jingsui, Xu
Zhiqin.2005. Vertical distribution characteristics and origin of
radiogenic heat— producing elements (HPE) in the first 2000 m of
the main hole of the CCSD Project[J]. Geology in China, 32(2):
230-238(in Chinese with English abstract).

Zhang Kexin, Pan Guitang, He Wenhong, Xiao Qinghui, Xu Yadong.
2015. New division of tectonic— strata super region in China [J].
Earth Science 40 (2): 206—233 (in Chinese with English abstract).

Zhang Zhigiang, Chen Diyun, Zhu Gang, Yue Yumei. 2011. Uptake of
radionuclides from soil to plant and the discovery of **Ra, **Th
Hyperaccumulator [J]. Chinese Journal of Environmental Science
32(4):1159—1163 (in Chinese with English abstract).

Bt o 32 225 STk

Wit i, b e, skPE, XIAROR, 25 KA, DRIEIR, 4-—IMfF, T3¢
S, BRIEAL. 2005, v E R RERRE R TR 41 100~2 000 m
A SR e e i 2 ST, b R, 32(2): 239—-248.

[ K PR 5% O 4P SR . 1993, BR 5E 1L 35 y i 5 551 4 R I 2 Y (GB/T
14583-93)([S]. Jbat: HE EFfig s it

FEOOME, JEHE X . 2002 HEE Al AL RO AZ 2 [I]. Hh
T, 1435 T1)):55-63.

ZLTR 2007 WITTA H 50 0 O A A T30 S R A 0], 6
BB, 27(3):163-170, 187.

XA, BUE, TR, Wz, XIFRAK. 2006, 4 EEED o et
AP S B (1] FR G BB, 26(6):362-366.

XA AL, W& H W, XIERAR, MR, T, B, m2efE, T

. 2007, 4 R A0 A SRR A% A s A A (0]
RSB, 27(3):171-180.

X, A, AB, HUME, TRAR, Wi, k0T, 1ERET 2020, ARdbHL
X T b J5 B 58 5 2 T D i R A 0], b B 5 R IR, 29
(4): 388-396.

B B, (AR ZE 1995, FF EEREE R AR K [M]. b
P TR A, 1-716.

B HGIE . 2003, Wi PE A7 B DXORCSR P Y R B A R SRR [T]. ML E 4,
22(9):725-728.

W, XUHGPH . 2011 ACAIE S5 B 0 AR S St HE G i 34 N [7]. 4
ST, 31(6):323-327.

FARLL, WA, XM, BB, WIS, s, TR, M,
PRk . 2014. T[R4 Hiu X T 3 2 S8 7K SR A AT 9 0], 4
B4, 34(2):65-73.

TR, B, XITFH, Z5H0Bk. 2017, ST S A 2R S xR
BEORZ M AN (7], h e b T, 29(3):58-61.

TLrifg, SRR, P9I, BERE, SN 2017 TR B K B
IR DR PR A S PPN [I]. SRS B, 37(6):476-482.

REIESR, WRJRAR, WEsE, SAUMR, 1%, AR . 2007, ~ A B
RO TS e A S HT (], M4k, 32(7):762-766.

HPRak, FLESH, 25, JKaE, VT, JTW, XU, ARERRK, iR e,
WRE A, SRR . 2004a. FLA8 U A AR & IR HIXS B
Besg o (7). gt B, 24(1):1-23.

BRI, AT, SRR 2004b. WA U PR A A BT XK SR TR
SR AR [J]. AR S B APm R, 24(4): 21-24.

5 E 2, RWI, sk, @A, PRiti =, 2010 7 M T b 5 08K
AR FELT]. T E B R, 31(4):657-661.

B A TR, XK, SR, Mg, Vi BE. 2005. R RHFAER R
T2 FE£L 100~2000 m JSH 7™ FA0T 38 19 2 [0] 4317 FRIE A I A
). EE, 32(2): 230-238.

TRTOAE, WARSE, T DAL PO, PRIEAR. 2015, v EI AL s - Hb = R
XA 5387 )7 ZE (0] HuBkRl 2 ——rh [ b TR 222541, 40(2), 206~
233.

KA, Mz, SRR, 5SS 2010, FOE A 2 - Rl
5L AR E SR R BT BRI, 32(4):1159-1163.

o] BT R A SR . 2014, R M ST A AT a9 56 5 A E
FLIE(EN/T 751-2014) [S]. Ab50: U5 1 k. .

PR AZ Tk 2N T 1995, Al H IR 4R S R BT R I AN SR (BI/T
977—1995)[S]. b5t [ JEFHEH kL.

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(6)



