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Abstract: Iron and steel industry in China developed fast with a crude steel production of
49.5% in the world in 2014. The raw materials used in iron and steel production are iron
ore, coal and limestone, which all contain low levels of naturally occurring radioactive
materials (NORM) in the U and Th decay chains and K. Due to high temperature in the
process of sintering, coking, iron and steel making, *'"Pb and *'Po in **U series volatile
after reaching their melting points and boiling points, and then condense on the atmospheric
particles and release with other air pollutants so as to increase the public exposure. This
paper demonstrated the recent research progress of NORM emissions from iron and steel
making in Germany, Italy, the United Kingdom, the Netherlands, Australia and Egypt, as
well as the reports from European Commission and IAEA. Sintering and iron making are the
main processes that release naturally occurring radioactive materials. Some countries and

organizations have developed management policies on NORM radiation. Measurements and
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radiological impact assessment of **Rn, ?"*Pb and “°Po in stack effluents should be inten-

sively studied.

Key words: iron and steel production; naturally occurring radioactive materials; radiological

impact; radiation safety; supervision
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JORE A RO T A R ) B R 22 0 AR K i An
[ A 12 U g R Al R 39 020 B/ kg 1 9 [ fix
AR 7 Ba/ kg BIEAE R — AN 5K AN )l IXC
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Sources and emission paths of radionuclides from iron and steel production
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Fig. 2 Annual production of coke, iron and steel

in China during 1998-2014
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2.3 SERHUPFRAMHERENSE
BRI MRS R A TR BN TR R R
“UPhAITPo (3£ 2), NN EATHY I R BAK d T
“UPoffy M L ELT PEEAIG P I AU IR A P Po
(9 EE % B 28 T2 Pbe A ] 20 9 R T 1 L

X R I RN R T m P R Bk m P R BOR T
BEAS 3 BT AT Al R A R D) O AR A R B
o HECE R . R AR B AN T L R
1 SR K L 2O P AT Po iy 5% /N, ] I A
piNARE 7/ SN A R S VAN
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Table 2 Natural radionuclides in dusts from iron and steel production Bq/kg
#5342 (Dusts) [ % (Country) 210 ph 20Ppg
958 25 10 14 HE B RS 22 (Dust from sinter plant stacks) Wi | (UK) ) 1. 13X 10* 9. 98X 10"
Y| (UK) B 1.0¢0. 111) 2.8(0. 222)
WK (Australia) [10) 100 1670
% F (Egypt) 18] 19+3 6542
75 P 12 HERIOKS 2B (Dust from blast furnace stacks) B [ (UK) 5] §X10° 2.8X103
%} (Egypt)[13] 2 340+36 470+15
BORH (Ttaly) [11b 43.441.8 61.545.0

FE P I 1 HE TR 2R (Dust from converter stacks)
FEL P A ] HE ORS 2R (Dust from electric arc furnace stacks)
TR B R e A A b R OR 2B

(Dust from slurry lagoons of blast furnaces and converters)

K F (Traly) 1l

(32.4£3.7)X10° (78.047.3)X10°

B RF (Traly) LD 292413 444424
%} (Egypt)[13] 37~83 214~436
i [F (UK) 5] 360 88

TE (Notes) s a, BUH 45 T 50 0 PR T 29 & 4t 955 Y O D 11 1993 AR ARAR A4 RS 1 4 S0 0k 38 DX 4 T 5w 4 AU 10 Pb L 10 Po
& B PR {H (Activity concentrations for gaseous release and the limits of 21°Pb and ?!°Po regulated by Radioactive Substances Act 1993 in
UK) b, 2 RF ILVA 44%8k) 2003 4E R #£ (Samples collected from the Iron- and Steel-Making Plant ILVA, Ttaly in 2003) ;c, & K |
ILVASIE:] 2009 4K FE (Samples collected from the Iron- and Steel-Making Plant ILVA, Ttaly in 2009)
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Table 3

Discharges of radionuclides in the aerial and water effluents and

the slags from global iron and steel production

LA AE P2 B AW WA i HEACH T M
G (Annual production (Aerial effluents)/ (Water effluents) / (Slag)/ (Gas into the power
(Country) of crude steel)/ (GBq * a (GBqe+a 1) (GBqe+a ') plant)/(GBq+a 1)
Mt 222Rn 210ph 210Po 210Ph 210 Po 210Ph 210Pg 210Ph 210Pg
e [E (UK) e 3.9 6.22 39.6
Y (UK PP 4.7 30
BEE (UK e 5 32
Wi [EH] (UK) Lo 5.3 33
fif 22 (Netherlands) 2 5.6 350 55 91 0.51 8
fif 2% (Netherlands) (2! 100 100 0.21 0.87 1.4 2.5 0.72 0.72
7] (Ttaly) 11 12 271 264

£ (Notes) :a—d, 43 HI4EF 1990 435 [ CORUS MBS E M A R HE R 2F BB RIS BRI, Kb 22 Bk 2001
AEAE 1R 8k (Data of steel production plants in Scunthorpe, Redcar, Llanwern and Port Talbot, owned and operated by CORUS in UK.
Llanwern ceased iron production in 2001) ;e,1990 4FE${#& (Data in 1990) ;{,1988 4= %4 (Data in 1988)

FIAR Bk T 0 HE Al T B SR R R o i
BT R B Bk s A R Ak B OB Ph I
“OPogy A BB HCE] A BE v A T AR R (R
B T s L 2 & A PO Ph A Po, T HL R i
FE K Ak 3 5 i 28 U8 45 [ R 15 0 A nT R T o A
FUGEAE T A HE T2 J B PRI v 81 0k 2 v A4 il
B

FEFHE O R B 5 R R AR R 2 A
BRER R AN A T2 AR R B AR RHE R
YU PHFN Po ) L T FE Ak B8 50 P HE R B g
L 2R R R By vk R R
TRRES T RS b A W HE R R T
Pl T2 T I WA O A UHE R R AR R
BN e i B HE T TR G AR AE — R O AIRAR
2.5 EFEFYPHHAEZESE

BAE R A 1 [ AR R SR v el A e R
IR E MR R Pb I Po, be gk
YR Pol) B AR E 3 & T Pb, oA Po
(R A EE ™ PO EEAIG o T LA SR B 4 2 5 T g 4 e i
e IR F R U MP Th, R Y &
HE— N EORGL Ph AT Po iy HE IS BE KR 2 U
(F D,

B — U A [ T Y R A A5 20 0 Hh B AR R
[ % i ) H#° U2 Th,* Ra 1 F 3 L i
BE4r Bk 246,135,247 Ba/kg, #ALF IAEAN
()3 T K - (1 000 Bg/kg)

2.6 WKBBNAANEHEMREFS K
B

TAEA X K 4R b F0 B o 22 B v 45 B s S5
2R WLE Y W I 45K 4 1 Ba/g, K I IS
fift 45 /K F-24 10 Bq/g ", BREAF 1996 455 H 13
Hih& T X T NORM #iE (1 B 3 A< 42 42 b
HE OB NORM W) 73 9 IR A1 ROK D8R L i
IO A R S T P W e VR o
KA T R R TG A R R A ROR AL
1, K P AN Po i 3 M 45 K F 0 i ok
17.9.6 kBa/kg '™ o WKHLIE 45 th T @] &5 A K
SRS M B R W SR T I AR AR B U
2 Thik 2 K ) F f7 wF #9 b 3E 2y 500 Ba/
kg™, BRBH NORM Tl i shkil 43 ok 5 2610,
fif PR R R T B2 RIR) K — i
MPFO0.1~1 mSv/a, Bk &4 F 1~6 mSv/a, £
BOEERES T Y R .

fif 2% 2001 4 A0 A (4 CCfar 22 48 53 B B )
(Dutch Radiation Protection Decree) R T — &
) KR TR VA R IR T AR A5 K7 5 2003 A RR
WHE S S0 RP122/ 11 BB KM 22 7 faf 223
AR E 971 P AR Poli Fo i B2 4 100 kBq/kg,
JERREL RP122/ 11 20 £52 . i Mg 1 &
A2 I A RIS TR AR IO P A P O I
FEK - (3 5 ST T8 58 G Y U AR 4R
PV ER R ST Y b RO R
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HOPHEFN Po i i i 45 K F- 3 8 10 GBq/a, 1 faf
2 SOBRMOB I BR T 1990 AR BB T 4F HE Tl Oy
55 GBq/a *"Pb.91 GBq/a *"" Po. N HIZAN R 8K
JHCST 1 ) Jo e B R A REHE A, -7 2 kA7 2 107
Do MR 45 2R 0k L 1993—2007 AR fif 22 SRR
PR RS Ak A L 2 A AR HE B R A b 197 Polih
BEZ5° 100 GBq.2° Phif BE /N T 50 GBq?Y,

5 (AT 22 AR B O ME oIS Bh
BRI IR IBCT PR R 0 1 T T A KO
Table 5 Clearance levels of aerial and liquid discharges
of natural radionuclides as a consequence
of work activities per installation

in the Netherlands 2" GBg/a

R PR R
(Radionuclides)

ABWLY

(Aerial discharge)

WAL

(Liquid discharge)

23877 10 1 000

232 Th 1 100
228Ra 1 100
226Ra 10 10
210Ph 10 10
20Po 10 10

TAEA @ 30K 10 pSv/a By 50 & BRI E i
AR K - 1990 48 3% [ 5 g i 48 1 (CORUS)
18 DY A T A 1] HE TR | A ) 4 A A RO
M 3.5~30.6 pSv/a, IETEBATH B R#EE) .
Wi RN B K R U AR T R T S |
EAA AF A 3R 3.5.5.8.9. 4 uSv/a, 1K
F 10 pSv/a, FEAERH ZBIL, TEBERRK
SRS . BRAILVA SRR v HE BT | Y
A N R 27,2 pSv/a, FBAR IS R K
N, BERERIBREWAT . o7 22 30BN 2k
T AR 78S e R Tk 25 3 R B 3t IX d R 40 pSv/a
ARG T AR L 2 4 pSv/a™

Y [E] F 1993 4 A0 AR A Rl S M Tk 28O R
“OPb 1 Pol b IE BE 45 T BAR BB E L 4 i
0.74.0. 37 kBq/kg . b 25 B b 2 Gl 4 1Yk 2 vh
“UPb 1 Po L i BE LK 435 S 0.91.3. 94 kBq/
kg, TR I i 4 [&] 14 2 7 ) o 258 2o #HE E A fE HE
o JFHGMHCHE R ITE 4 0 T &g
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