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Abstract ; For coal—fired power plants with a total installed capacity more than 300 MW in Zhejiang, a
low=background HPGe < spectrometer was used to analyze the content of natural radionuclides in raw
coal , coal slag and coal ash. The results shows that the average specific activities of **U, **Ra, **Th,
“K in coal were 48.7 Bq/kg, 39.7 Bq/kg, 50.5 Bq/kg, and 68.2 Bq/kg, respectively. The average
specific activities of U, **Ra, **Th, “K in coal cinder were 96.0 Bq/kg, 87.0 Bq/kg, 114 Bq/kg,
and 182 Bq/kg, respectively. The average specific activities of **U, **Ra, **Th, *K in coal ash were
133 Bg/kg, 111 Bg/kg, 143 Bg/kg, and 209 Bq/kg, respectively. Natural radionuclides show differ-
ent degrees of enrichment in coal cinder and coal ash. The average enrichment factors of coal cinder
and coal ash are 3.4~4.8 and 4.8 ~5.9. The feasibility of using cinder and coal ash as raw materials for
building materials was evaluated. When 100% of raw materials for building materials were cinder or
coal ash, about 18.4% of samples exceeded the limit of GB 6566—2010. Therefore, it is recommended
to detect the radioactivity of cinder and coal ash used as raw materials for building materials, and strict-
ly control the proportion of cinder and coal ash with high specific activity in the raw materials of build-

ing materia.
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1.1 #@REESHE

FERRE R ) TSR BT ME 3 Ry IR i B 3
PRI RAERE A, AN R UR 0 B 43 JF R FE R A
L 45 R A — N RS I RE A RN RE R 4R
M 1~2 kg, RETEHEIG 105 CHET, FTERE,
100 Hid i, 26 A5 bR fERE S LT B 25 — S0 B

i (@75 mmXx50 mm {3 ZIGBEE) T, K
FRE(KEHIZE 0.1 g) , BHIFME 4RSS HUE 4 J8
Jer il
1.2 NENSFIMFE

W A 4% ok 32 [/ ORTEC 28 /) 48 /™= 1Y
GMX50P4 I v A A JETTHHCR N 2.73 71, AHIXS
PRI N 53.6% (“ Co, FEHR K 25 em 4b) | B
Iy HEE N 2.04 KeV (XFCCo A 1.332 MeVy H148) |
IXERE BRI E AR S B B AR I AEA
ROHP . SRR M4 20 B A R A% 2R AR R
DR AR TR A UERE R+ S AR Y I
BRI IR 12 h B S 7 vk A e el
y RERS ST I 71:) (GB/T 11713—2015) 1)
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X 19 GRPRIE R B T TSR 4R 1 BB v R
SR PERZ R LIS FE M s 25 1y F 3% 1, ik
1AL UL, U ef AR TBO PR R U R DA ¥
4 6.6~174 Bq/kg, YJ{H N 48.7 Bq/kg;* Ra Byl
{E5E H 8.1 ~ 157 Ba/kg, Y1 39.7 Bg/kg;
Th Yy I E Y5 Bk 8.7 ~ 224 Bg/kg, HI{H N
50.5 Bq/kg; K 1 {H 1 [E l 16.6 ~ 480 Bg/kg,
BIE R 68.2 Ba/kg, AR LT JEUARE v 1% SR 4R S
PR LI REA 20~30 51925 7. 52 ERHE
35 Jo W D b A R R AR TSI MR A R M 45 2R L
B BRK (MM A E 2 R 30 10%) 41, TR
HAh =AM Z W E I E S - R A 3
For g =AU L3808 & 2~ 7 A%, AR 4 e A
152,33 =SB Sl A P 34 R L P A

®1 EREERPRAMHEZZINELR Ba/kg

ﬁﬁj%% 238U ZZGRH ZBZTh 40K
1-1 19.1 13.4 16.7 24.2
2-1 33.8 20.9 22.4 27.1
3-1 151 143 204 75.9
4-1 16.2 19.4 22.6 16.6
5-1 33.6 25.9 34.0 64.5
6-1 22.8 1.7 13.4 19.3
7-1 174 157 224 136
8-1-1 17.9 12.8 10.3 37.0
8-1-2 117 95.9 140 123
8-1-3 45.4 25.3 38.8 39.1
8-1-4 12.0 13.0 10.2 32.9
9-1 315 17.9 24.1 28.1
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B g5 By 20Ra B2 WK
10-1 44.3 33.1 41.6 34.1
11-1 20.7 11.7 9.2 33.7
12-1 22.8 13.1 11.8 31.3
13-1 28.7 18.6 20.0 80.6
14-1 71.4 54.5 75.8 21.8
15-1 103 108 108 480
16-1 6.6 8.1 8.7 47.0
17-1 25.1 21.2 19.5 65.8
18-1 18.7 20.2 21.3 46.6
19-1 55.0 27.5 34.4 34.7
B E 6.6~ 174 8.1~157 8.7~224 16.6~480
S 48.7 39.7 50.5 68.2
4+ 4
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Xt 19 GEBRIRE R FL T BT SR AR 1 I 5 i v R
SRS A 2R LU I B I i 25 58 T3k 2, R
2 A UL R AR TS PR R U BB
}19.4~236 Bq/kg, ¥I{E 1 96.0 Bq/kg; **Ra (1]
{EYERE & 17.8 ~ 187 Bq/kg, YJ{H M 87.0 Bg/kg;

2Th i I {E Y8 Bl A 17.7 ~ 260 Bq/kg, YJ{H A
114 Bq/kg; K HYIM{EEE 2y 32.5~382 Bq/kg, 3
{H°M 182 Ba/kg, 54 48 59 A5 o & Wil v £
S AR PEAZ 2R W 25 R b A, BRYOK (DA
PIE LR 410 30% ) 41, S 0 Hofl =AM
DIMEIE 2R + 80 2 £

F2 BEEHERBPRAMHEZENELER Bq/kg
ﬁlﬂléﬁ E 238U 226Ra 232Th 40K
1-2 24.8 18.7 17.7 98.4
2-2 66.1 46.3 63.6 313
3-2 128 116 158 75.2
4-2 139 115 158 249
5-2 65.8 58.5 73.8 325
6-2 118 109 159 165
7-2 108 95.8 109 202
8-2 115 111 123 214
9-2 81 92.6 119 222
10-2 236 187 260 48.3
11-2 44.8 50 64.3 336
12-2 19.4 17.8 24.5 325
13-2 38.8 49.2 53 382
14-2 136 118 175 93.6
15-2 115 115 157 165
16-2 105 98.8 118 67
17-2 105 88.6 105 204
18-2 71.7 71.5 92.4 169
19-2 106 93.7 128 91.2
B FE 19.4~236 17.8~187 17.7~260 32.5~382
T4 96.0 87.0 114 182
e ]
43 39 56 572
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23 BIRPRAMSTIEZEILEE

X 19 GRMRIGE R HL T i SR A 18 BRE IR o v R
SR A% 2R L B B I 25 SR 5 32 3, ik
3 AL, B R AR TS PEAZ R U Y AR
4 24.8~285 Bq/kg, ¥IE R 133 Bq/kg; Ra Bl
{75 B~ 14.7 ~ 225 Bq/kg, ¥I{H M 111 Bq/kg;
P2Th 4 I {5 Y8 Bl A 15.6 ~ 310 Bq/kg, ¥ {H A

143 Bq/kg; K BTG R 22.1~450 Ba/kg, 3
B4 209 Ba/kg, 54 85 A5 i W p £+
SR R AR IO P A% 28 W0 285 2R b, RO K (WAL
PIEZ) R 15800 40% ) F1 , R 0 HA = ME R
MHEBE 29 R e 3 4%, 3% AT REJ2 B T4 K Y
LA LR B/ | G L 3 TR B A R Bl A
W MY RE T B SRS B

3 BERERPFRAMSEZEVNEER Bq/kg
*gé EII:lll éﬁ_,l—ji 238 U 226 Ra 232 Th 40 K
1-3 138 110 154 164
2-3 110 82 114 332
3-3 224 187 248 229
4-3 170 145 203 234
5-3 24.8 14.7 15.6 22.1
6-3 199 152 223 178
7-3 57.7 4222 57.3 53.4
8-3 112 97.2 113 183
9-3 86.8 87.5 114 159
10-3 179 166 235 164
11-3 67.1 76.8 91.8 450
12-3 107 91.7 93.7 260
13-3 191 133 126 388
14-3 285 225 310 153
15-3 120 125 148 244
16-3 97.3 89.1 111 103
17-3 155 123 145 247
18-3 134 99.1 121 122
19-3 61.8 66.4 87.9 288
UREER{eniE 24.8~285 14.7~225 15.6~310 22.1~450
T 133 111 143 209
L 43 39 56 572
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TR — H A MU P 2 2 B S e s
FUEHE T, Fefr 7 4 PR 70 ST B b 7
AR R IR S, BT k= Cy s/
C oy » FEFT Copnn e, TS () sPHUSHPE RS 1
FEIE ., WERET RO ERS 2 LR I, 19 FAR
A8 B T R R R 22 1 4 1 T

BIFH 4, MRA T, by YA R 3.4~4.8 ke
BIER 4.8~5.9  hyyy B8 T gy o XA THLT
FHR R, FOR R s R B 58 40, BA TE MK
R A R L T B T 228 R DL DU Y
ARSI B TT A e — R L RE T
BRI EERE"

R4 BEMBERPERABMHEZZINEEETF

M W SRR T ey PR IR T by
ﬁéﬁ]zﬁ% 238U 226 Ra 232Th 40K 238U 226 Ra 232Th 40K
1 1.3 1.4 L1 4.1 7.2 8.2 9.2 6.8
2 2.0 2.2 2.8 11.5 33 3.9 5.1 12.3
3 0.8 0.8 0.8 1.0 L5 1.3 1.2 3.0
4 8.6 5.9 7.0 15.0 10.5 7.5 9.0 14.1
5 2.0 2.3 2.2 5.0 0.7 0.6 0.5 0.3
6 5.2 9.3 11.9 8.5 8.7 13.0 16.6 9.2
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238U 226Ra 232Th 40K 238U 226Ra 232Th 40K

7 0.6 0.6 0.5 1.5 0.3 0.3 0.3 0.4

8" 2.4 3.0 2.5 3.7 2.3 2.6 2.3 3.2

9 2.6 5.2 4.9 7.9 2.8 4.9 4.7 5.7

10 5.3 5.6 6.3 1.4 4.0 5.0 5.6 4.8

11 2.2 43 7.0 10.0 3.2 6.6 10.0 13.4

12 0.9 1.4 2.1 1.0 4.7 7.0 7.9 8.3

13 1.4 2.6 2.7 4.7 6.7 72 6.3 4.8

14 1.9 2.2 23 4.3 4.0 4.1 4.1 7.0

15 1.1 1.1 1.5 0.3 1.2 1.2 1.4 0.5

16 15.9 12.2 13.6 1.4 14.7 11.0 12.8 2.2

17 4.2 42 5.4 3.1 6.2 5.8 7.4 3.8

18 3.8 3.5 43 3.6 7.2 4.9 5.7 2.6

19 1.9 3.4 3.7 2.6 1.1 2.4 2.6 8.3

k {E U 0.6~15.9 0.6~12.2 0.5~13.6 0.3~15.0 0.3~14.7 0.3~13.0 0.3~16.6 0.3~14.1

FHE 3.4 3.7 4.3 4.8 4.8 5.1 5.9 5.8

V1 T2 BUERE S 10 O R 22 LT HE L P RE B 0 49 3
2.5 FEEnEx REES RERITEN

P G R SR B S P R B i) (GB
6566—2010) "> B - S T A L b R SR G
PERZ 2P Ra 7 Th FOK {550 3 B )3 () e
AL A RSB 1, < 1. 0 FIAMIEEIE S <1. 0,

Ly, JH9E SCUNE

I,,=C,./200

1,=Cy,/370+Cy,/260+C /4 200
K, Cy, L Coy T C G351 Ry iU vp R A 1
¥ 2 Ra P> Th F1VK I HLIE E , Bq/ kg,

R I R L 100% 1 e 91 F AR 4

K19 FIRIBER T BT RAENY 19 ST 19 A
BEIRRE SRR PR AP IR B T 25 SR L 3R
5. HHER 5 AT 19 ABEERE S A 2 SRR 1
HEBR , HFR RN 10.5% ;19 DMEERES A 1 FE
I I AR BBAR RN 6.3% 4 5 AR 1
bR, BFRAEA 26.3% , T UL, A FRE IR A
SR A 7E G rhRC S LT B AR
WERR I T R, PR, T R AR A D
RS | VR TSR PRI | -4 o) HL A e TR o i1y
Ll

x5 FEMERBBEER SR B

P Y3
FEdh G
Iya ! Iya 1
1 0.09 0.14 0.55 0.93
2 0.23 0.44 0.41 0.74
3 0.58 0.94 0.94 1.51
4 0.58 0.98 0.73 1.23
5 0.29 0.52 0.07 0.10
6 0.55 0.95 0.76 1.31
7 0.48 0.73 0.21 0.35
8 0.56 0.82 0.49 0.74
9 0.46 0.76 0.44 0.71
10 0.94 1.52 0.83 1.39
11 0.25 0.46 0.38 0.67
12 0.09 0.15 0.46 0.67
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- 70 - WA AT AR T RIE SR AR A P R KA AR T R & 5 AT
&
\ SIS JEIR
PRl Iy, I Iy, I
13 0.25 0.43 0.67 0.94
14 0.59 1.01 1.13 1.84
15 0.58 0.95 0.63 0.97
16 0.49 0.74 0.45 0.69
17 0.44 0.69 0.62 0.95
18 0.36 0.59 0.50 0.76
19 0.47 0.77 0.33 0.59
3 PR PE M OEsE [J]. S84 B4, 2018, 38 (3):
ZAle 177-185.
(MITA 10 F T U g s

FUIG BEYME N 48.7 Bg/kg, ™ Ra SN 39.7 Bq/kg,”” Th
4 50.5 Bq/kg, K 4 68.2 Bq/kg, AN[al ey ) J A
Hh G R AR R A% 2 TR B 20 ~ 30 fF Y 22 5%,
FRAMAE S B L 3 (5 2~ 7 A% B > U 1 L
T M 96.0 Bq/kg, ™ Ra Y}y 87.0 Bq/kg,
Thi) h 114 Bg/kg, K B9 K 182 Bq/kg; 1K
HESU Y B B Y A 133 Bg/kg,” Ra B9 N
111 Bq/kg,™ Th 9 2 143 Bq/kg,” K ) N
209 Bq/kg, REREPER 2 H G BE R B0 i R
| PO ER | POy ERY QYA =i S (E RS e E
S P05 I T 3 %) R AR IS A% R
SER LA BRYK IMEA(E 2 180 0.1 ~0.4
FEAb, R HAth = S R A A S H S 5
FEAR— S, M A oAt = A% R MM (2
) 2 A%, B HA = A% R A IUAE Y (8 5
W2k A 3 A

(2) B B R WU P R B — & 4
YERT B s SR 4 (E 3.4 ~ 4.8 BRIV &
LT IYIE N 4.8~5.9  BEIRIE = TR

(3) EEM IR 1009% B i B AR I, 10.5%
AR A il P (A1) BEUE 4 Bi0RE i R K AR o (GB
6566—2010) FYBRAE , 26.3% B ICRE S N (46 ) R
SRR R E R BB, T L R s A K
FHAEERAE SO | S ISR TR P AG DU 42 ] v L T
JEE O s R G T A R e ) L 1B i R A
Hh TSR PR KPR T T b HE RR AL
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