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Worldwide Basic Situation Analysis on Occupational Radiation
Exposures of Nuclear Fuel Cycle
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Abstract The International Labour Organization and the International Basic Safety Standards define occupational exposure as "all
exposure of workers incurred in the course of their work, with the exception of exposure excluded from the standards and exposures from
practices or sources exempted by the standards". Various national authorities or institutions have used different methods to measure,
record, and report the occupational data. The occupational radiation exposures in nuclear fuel cycle at the worldwide levels, which
involve the uranium mining and milling, uranium conversion and enrichment, fuel component fabrication, operation of nuclear reactors,
fuel reprocessing, and radiative waste management, are provided (data end up at 2004). The five—year average exposures beginning with
1975 has been evaluated. These data originate from the (OECD/NEA) database, the UNSCEAR, and ISOE of IAEA. The data assessment
methodology of dose is described, and the occupational radiation exposures in nuclear fuel cycle are analyzed. The results show that in
the each link of nuclear fuel cycle, the occupational radiation exposures of uranium mining is maximum, following by the uranium
enrichment and conversion as well as nuclear fuel fabrication. In the period of 1975—2004, the trends of total level occupational
exposures has decreased, especially after the 1990s, the average effective doses have been decreased significantly, the safety and health
of workers has been effectively assured.
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Table 1 Effective doses accepted by the workers in above-ground and under-ground uranium mines

EX YN A AR T
4y s EANBHE AFIRE s EANAYN ATFHERE o EANBAEM ATFIRE
5 i /mSv /% 5l i /mSv /% 5l 45 /mSv /%
AT
1995 50 0.59 80 211 1.31 77 154 1.24 59
1996 61 0.75 71 247 1.33 73 214 1.30 51
1997 102 0.32 62 202 0.55 66 244 094 23
1998 126 0.37 79 176 0.36 93 96 0.80 50
1999 177 0.35 62 219 0.40 73 74 0.83 11
2000 186 0.64 74 194 0.64 45 89 1.35 52
2001 208 0.58 68 189 0.57 51 47 2.15 55
AT
1995 368 0.98 64 109 5.37 66 386 10.90 63
1996 387 0.82 60 101 3.85 62 469 9.62 58
1997 476 0.69 39 103 1.48 64 354 5.53 39
1998 346 0.55 75 139 0.93 87 362 1.97 78
1999 155 1.01 71 204 0.90 79 341 2.60 63
2000 111 0.88 53 194 0.71 70 284 2.57 40
2001 73 0.48 54 115 0.46 64 161 2.29 32
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Table 2 Annual exposure levels of uranium mining Table 3 Occupational radiation exposure levels due to
in the world uranium milling in the world
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Hr/kt (man Sv- 16 (man- 5/ 5 /kt GW 10° /(man- B /Sy
kt™) Sv) mSv Sv)
1975—1979 52 26 240 1300 5.5 1975—1979 53 240 12 124 10.1
1980—1984 64 23 310 1300 5.1 1980—1984 64 290 23 117 5.1
1985—1989 59 20 260 1100 4.4 1985—1989 58 260 18 116 6.3
1990—1994 39 8 69 310 4.5 1990—1994 39 180 6 20 3.3
1995—1999 34 2 22 85 3.9 1995—1999 34 155 3 4 1.6
2000—2004 34 1 12 22 1.9 2000—2004 34 155 3 3 1.1
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Fig. 1 Changing trend of the numbers of monitored workers (a), accumulative effective doses (b) and effective
doses (c) accepted by the monitored workers of uranium enrichment and conversion in the world
4 BEEMETH4RE T (S T A2 SRR I IS Y | TR AR il ST A e Y SR RS

AR T P ) 3 BRI PR S E ORI T8l (23R Mk T &AFEMMARITFRE, B2, & MEZARIEAC
A0 G, R AL 7 ) E R BRI ), 3R 4 0 1975—2004 (AR G A1 218 TR RS 00 K- T i AR ) S Bl A ) B P9 RS
AR AL AORE T A ) 3 Ol R R SE AR DL, i3 4 T ARALIE N IR,

B2 W AR N BN BCTE e R AR R Y, R AR R =4 B AR T I ER A BB 5tk
20000 AN Ze A, RATE 1985—1989 44 — AN /NEAE , 7 28000 Table 4 Occupational radiation exposure levels due to
N 4F BB S0 i E 36~21man-Sv, 7 1980—1994 4F 28 {k nuclear fuel component fabrication in the world
BN AE 21~22man - Sv, Bl i 38 518 3 Tman - Sv; 4F 3545 %07 & - T B/ 10° A FRBUE AR A7 A R0
FE4E 1.8 B RS 1.0mSv, BJS 75 1995—1999 4F X 44 fin 1 i/ (man - Sv) i /mSv
1.4mSv,2000—2004 4 i1 5] 1.6mSv> A4F 214 5505 4t () 48 1975—1979 20 36 1.8
AT TR Bl L — R AT A A B 0 KT 7 B 1980—1984 21 21 1.0
FY A W 4 2 o | 3 R — 6 A M0 P 0 T O T 19851989 28 22 08

A 1990—1994 21 22 1.0
B, BFICRDT ARICT ImSy e 2 RESMRE IR A o ” 0 4
REETT TSy I, B SESOIR 5 30%~80%, KT, RS 50002004 0 0 6

77 W
4@7



42148 3L ZE (Reviews)

B EH) 2013,31(19)

ﬂ:i
S|

5 BEHIE{T

% HL B AT A B R S 2K S A M M 22 ) 22 AR K, 32
SZHERI RN R Kz A7 f )20 A — 28 S N ol T R
THAORL JE 3 B A [ o 23 5 i Bl RN B K, 55 b TRl —
BN S P T 32 AT B 58 9 B0 AR HG A AT A L IR IR APt A 22
BN, e 5 R A SR N HEIE AT BRSO A T A
FAG A, %R BRI AR AR 528 L35 96% Y T 7K HE
(PWRs),99%1ih /K HE (BWRs) ,63% 1 # /K M (HWRs) , 100%

*5 MHRKRMEETIREIERSE
Table 5 Summary of occupational radiation exposures due
to nuclear reactor operations in the world

A R IR A RS
i ke ok &
s} 39 JEAKHE ik K HE B M BRI 4

-2 4 A #/10°

1975—1979 63 59 7 13 5 147

1980—1984 140 102 14 25 10 291

1985—1989 230 139 18 31 13 431

1990—1994 310 160 20 30 530

1995—1999 265 144 18 21 448

2000—2004 283 113 23 18 437
AR A7 8000 B /mSvy

1975—1979 35 4.7 4.8 2.8 6.6 4.1
1980—1984 3.1 4.5 32 1.4 6.4 3.6
1985—1989 2.2 24 3.4 0.8 13.2 2.5

1990—1994 1.3 1.6 1.7 0.5 14

1995—1999 1.9 1.7 1.6 0.3 1.5

2000—2004 1.7 14 1.6 0.2 1.0
A1) B ARA RO i/ (man - Sv)

1975—1979 220 279 32 36 36 603

1980—1984 450 454 46 34 62 1046
1985—1989 500 331 60 24 173 1088
1990—1994 415 240 35 16 190 896
1995—1999 506 237 29 7 779
2000—2004 415 160 38 4 617

A S o 1 U — A AR RO B (man - Sv-GW - a™)
1975—1979 8.1 18.3 11.0 6.6 8.2 109
1980—1984 8.0 18.0 80 58 8.3 104

1985—1989 43 7.9 62 32 16.7 5.7
1990—1994 2.8 4.8 30 20 20.3 39
1995—1999 3.0 3.8 24 07 25
2000—2004 2.2 2.4 29 26 25

B HE I — b BB AR i/ (man - Sv - reactor™)
1975—1979 2.8 55 2.6 0.9 3.0 3.1
1980—1984 3.3 7.0 2.4 0.8 3.8 3.7
1985—1989 2.3 4.0 2.3 0.5 8.7 2.8
1990—1994 1.7 2.7 1.1 0.4 94 2.1

1995—1999 2.0 2.6 1.2 0.2 1.5
2000—2004 1.6 1.8 1.0 0.2 1.1
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Table 6 Occupational radiation exposure levels due to
nucrear fuel reprocessing in the world

" 2k YA R F
T s T RPN R A

##/(man- Sv) 1 /mSv
1975—1979 8 53 7.1
1980—1984 9 46 49
1985—1989 17 36 2.5
1990—1994 45 67 15
1995—1999 59 61 1.1
2000—2004 76 68 09
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Table 7 Occupational radiation exposure levels due to radioactive waste management
- WA Ak 2 AF SRR & AP B8 ROR B /mSv N i
% i 10° NE/10°
S it/ (man-Sv) WU AHEU/10° w0 (952 BEGT N E/10° NRyy NR, NRs NR,
1990—199%4 1.51 5.33 3.53 0.09
i
1995—2000 1.30 4.03 3.10 0.08
. 1990—1994 0.29 0.09 0.30
EE|
1995—2000 0.35 0.07 0.20
£ 1990—1994 8.05 1.90 1.22 0.15 0.65 0 0 0 0.04
©1995—2000 5.88 1.76 1.07 0.18 0.61 0 0 0 0.05

8 4ik

FhT T 5% £ S 00 A S R0 195 A TR S A Kl A
AT, AN BE AT R A AR R 1A R Ol IR 5 B i L (5
T3 SR AT LI FCASCH AP Al T LA YRR RO BF 1A 2R LI B
SHEREA KPR BT B, JuHE 20 4 90 RN
A0 B BRI I T AR AT P 2R A B T S
KPR AL ARG PR 1A 2R R T 5 R e K SF BN B S R
SF 75 4 Bk AR VR B {4, IR AN RE T BT,
A B A% %2 4 ST R I B A0 A S e 2 8 A WT 20 B9 v T R 3%
T s AR S HOAR R YIAN WA T B2, v e T IR B A A e
03, WA 32 B o P DA SR A B A 22 4 R

8 % 3k (References)

1] 7 138 o BB Tl = A5 0 5 B8 R A M, b 5 68 T i o B
1, 1990: 29-35.

Pan Ziqiang. Radiation environmental impact assessment of the nuclear
industry in China in the three decades|M]. Beijing: Atomic Energy Press,
1990:29-35.

(2] Thet b, BB %2, T 3. T UL U KT 3EACIR I 4 AT Cp/% A~
MG DA 2238 SCIE 4. JE st EA%E 22, 2008: 10-12.

Ma Jizeng, Zhang Liang’an, Pan Ziqiang. Basic situation of occupation
exposure level in China [C}//The National Seminar on Personal Dose
Monitoring. Beijing: Chinese Nuclear Society, 2008: 10-12.

[3] UNSCEAR. Sources and effects of ionizing radiation, UNSCEAR 2008,
Report[M]. New York: United Nations Publication, 2010.

[4] Quindos P L S, Fernandez N P L, Gomez A ], et al. Population dose in
the vicinity of old Spanish uranium mines [J]. Science of Total
Environment, 2004, 329(1-3): 283-288.

[5] Bouvile A, Simon S L, Miller C W, et al. Estimates of dose form global
fallout[J]. Health Physics. 2002, 82(5): 690-705.

|6] Batandjieva B. IAEA approach for releasing radioactive material and
sites from regulatory control [R}/Proceedings of an International
Conference. Vienna: IAEA, 2006: 343-355.

[7] Central Statistics Office. Population estimates, all ages (PEAAOO1)[R].
Cork, Ireland, 2011: 23-26.

[8] CIA World factbook [M/OL]. http://www.cia.gov/cia/publications/facthook/
index.html, 2007-04-02.

[9] International Atomic Energy Agency. Status of decommissioning nuclear
facilities around the world [R]. STI/PUB/1201, Vuenna: 1AEA, 2004:
203-209.

[10] United States Nuclear Regulatory Commission. Occupational radiation
exposure at commercial nuclear power reactors and other facilities [R].
NUREG-0713, Washington DC: National Referral Center, 2003.

[11] Berus D, Covens P, Buls N, et al. Extremity doses of workers in nuclear
medicine [C]/International Congress of the International Radiation
Protection Association. Madrid: Spain, May 23-28, 2004: 23-28.

[12] United States Nuclear Regulatory Commission. United States sources
and effects of ionizing radiation volume I: Sources; II: Effects. United
States Scientific Committee on the Effects of Atomic Radiation, 2000
Report to the General Assembly, with scientific annexes [R]. New York:
United Nations Sales Publications, 2000.

[13] Organisation for Economic Cooperation and Development, Nuclear
Energy Agency. ISOE-database occupational exposures at nuclear power
plants|R]. Paris: OECD, 2005.

[14] Commonwealth of Australia. Joint convention on the safety of spent fuel
management[R]. Australia, 2005.

[15] Doerfel H, Andrasi A, CruzSuarez R, et al. TAEA/IDEAs
intercomparison exercise on internal dose assessment [J]. Radiation,
Protection, Dosimetry, 2007, 125(4): 56-60.

[16] Vance R. Nuclear Energy Agency/International Atomic Energy Agency.
Uranium 2005: Resources, production and demand [R]. Paris: OECD-
NEA, Natural Resources Canada, 2006.

[17] European Commission. Effluent and dose control from European Union
NORM industries: assessment of current situation and proposal for a
harmonized community approach. Radiation Protaction 135 [C].
Luxemborg: European Community, 2003.

[18] Frasch G, Petrova K. Dose trends in occupational radiation exposure in
Europe :results from the ESOREX project [J]. Radiation Protection
Dosimetry, 2007, 125(4): 121-126.

[19] Crouch J. Reduction of occupational radiation exposure to staff—A
quality management approach[J]. Nuclear Medicine, 2007, 38(2): 8-13.

[20] Republic of Bulgaria. Second national report of the republic of bulgaria
on fulfillment of the joint convention on the safety of radioactive waste
management [R/OL]. 2005 -09 —02. http://www.bnsa.bas.Bg/documents/
JC-pdf/ English/JC-IINR-en.Pdf.

(FEHRF KREZ)

79 N



