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[ Abstract] Objective To increase the statistic power to estimate radiation-induced cancer risk on
the basis of analysis of the 1999 —2002 follow-up data from high background radiation areas (HBRA) , in
combination with those in the period 1979 — 1998, and further to estimate radiation-induced cancer risk at
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low dose after adjustment of individual smoking factor. Methods Cohort studies were conducted of cancer
mortality for the residents in both HBRA and control area ( CA), with follow-up made in phases. The
present study was first focused on the collection of cancer mortality data during 1999 — 2002, with
preliminary analysis of the risks of cancer mortality. And then, the effort was dedicated to analysis of both
the risks of cancer mortality and the smoker-adjusted risks of radiation-induced cancer mortality from for the
residents in HBRA in period 1999 - 2002 based on the pooled data during 1999 —2002 and 1979 - 1998
through ID record linkage. Person-years were estimated using Epicure/DATAB model. The relative risk
(RR) , the excess relative risk coefficient (ERR/Sv) and confidence interval ( CI) of cancer mortality from
1979 to 2002 were estimated using Poisson regress model in AMFIT mode. Results A total of 76 264
persons in HBRA and CA was followed up during 1999 —-2002, covering 300 523 person-years and 2 267
deaths identified, including 239 cancer deaths. Based on pooled data, 125 079 persons were followed up
during 1979 -2002, which covered 2 293 463 person-years and 14 711 deaths identified, including 1 441
died of cancer. The sex- and age-adjusted RR of all cancers in the HBRA during 1979 - 2002 was 0. 99
(95%CI; 0.89 to 1.11), showing no statistically significant differences between HBRA and CA (P >
0.05). The value of ERR/Sv of all cancer mortality during 1979 —2002 was -0.01 (95% CI: - 0. 50 to
0.64). Smoker-adjusted RR of all cancer mortality in HBRA during 1987 —2002 was 1. 00 (95% CI ;0. 87
to 1. 15), with no statistically significant difference (P >0.05). The value of ERR/Sv for all cancers
during 1987 — 2002 was 0.01 (95% CI. — 0.56 to 0.81) after adjustment of smoking. Conclusions
Increased risk was not found in relation to radiation exposure at low dose in HBRA. After adjustment of

smoking, the statistical difference has not been shown in all cancer mortality between HBRA and CA, but
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excess relative risk increased slightly.
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Table 1 Person-years, numbers of deaths and cancers in high background radiation and control areas (1979 —2002)
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1979—1998 528 011 3539 347 1 464 929 8 905 855
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Table 2 Smoking status of cohort subjects in high background radiation and control areas
o __ %—Zliftéii%lxﬁ _ Xﬂ‘ﬁﬁﬂﬁ‘l?ﬁ i P
FEPN i USSP WHHEE (% ) JPN¢ SN W HHZE (% )

Bk 41974 23 687 56.43 14 385 8 610 59. 85 51.26 <0.001
Lot 36 637 514 1. 40 13 516 193 1.43 0.04 0. 805
A1t 78 611 24 201 30.79 27 901 8 803 31.55 5.64 0.023
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Table 3 Relative risks(RR) and 95% confidence interval (CI) of cancers for different dose-rate
group in high background radiation and control areas (1979 —2002)
- FAEHIX EARHLX =244
g K AR ol Bl sty WHRRATR

Big B RR(95%CI) B RR (95%CI) Bl RR(95% CI) PHE RR(95%CI)
AT 432 342 1.02(0.89~1.18) 364  1.02 (0.89~1.17) 303  0.93 (0.81~1.08) 0.6063 0.99 (0.89~1.11)
BNk 17 13 0.80(0.43~1.85) 18  1.16 (0.60 ~2.26) 13 0.96(0.46~1.97) 0.9736 1.00 (0.57 ~1.77)
A S g 415 329 1.03(0.89~1.19) 346  1.02 (0.88~1.17) 290  0.93 (0.80~1.08) 0.5984 0.9 (0.88 ~1.11)
ShIsE 83 58 0.88 (0.63~1.24) 62 0.89 (0.64~1.24) 52 0.83(0.58~1.17)  0.2569  0.86 (0.67 ~1.13)
ey 5 11 2,96 (1.03~8.55) 18  4.39 (1.63~11.85) 8 2.15(0.70~6.58) 0.0175 3.20 (1.26~8.17)*
EHE 0 31 0.94(0.59~1.50) 37 1.06 (0.68 ~1.65) 25 0.79 (0.48~1.30) 0.6383  0.94 (0.65~1.35)
2 Nt 7 5102 (0.32~2.23) 8 1.46 (0.53 ~4.03) 10 1.89 (0.72~4.98) 0.1954  1.47 (0.63 ~3.44)
Tkt 4 7 2.33(0.68~7.99) 4 1.26 (0.31~5.03) 4 1.34(0.33~5.36) 0.5736 1.63 (0.54~4.93)
P 126 97 101 (0.77~1.32) 92 0.89 (0.68 ~1.17) 72 0.76 (0.57~1.01)  0.0951 0.88 (0.71~1.10)
i 2 4 7 2.09 (0.61~7.16) 6 1.74 (0.49 ~6.18) 5 1.69 (0.45~6.30) 0.3383 1.84 (0.62~5.46)
s 61 31 0.70 (0.45~1.08) 29 0.59 (0.38 ~0.93) 30 0.85(0.57~1.27) 0.0883  0.71 (0.52~0.98)*
i 5 6 1.64 (0.50~5.42) 5 1.24 (0.36~4.31) 6 1.63(0.50~5.35) 0.4510 1.50 (0.55~4.07)
Jid i 11 9 1.06(0.44~2.57) 15  1.67 (0.76~3.63) 5 0.62(0.22~1.79) 0.9751 1.14 (0.57~2.28)
kIR 8 6 0.99 (0.34~2.85) 5 0.80 (0.26 ~2.44) 5 0.90 (0.30~2.77) 0.7392  0.89 (0.38~2.09)
BB 3 6 3.13(0.78~12.59) 3 1.42 (0.29~7.05) 5 2.55(0.61~10.67) 0.2537 2.33 (0.67 ~8.14)
M2 phs 10 7 0.87(0.33~2.30) 11  1.31 (0.56~3.09) 11 1.46 (0.62~3.45) 0.4526 1.21 (0.59 ~2.50)
BN 2 2 1.19 (0.17 ~8.55) 0 — 3229 (0.38~13.75) 0.7627 1.09 (0.21 ~5.65)
RE R 7 6 1.05(0.35~3.15) 13 2.13 (0.85~ 5.35) 10 1.80 (0.68~4.73) 0.1191 1.67 (0.73 ~ 3.83)

T =" R IRHE , B R 2 T R B ], 2 5 BRIX (RR = 1) LA % =5.998 4,309, P <0. 05
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F 4 FAEAEXHER (RR) SRS NLAE T (mSv) 9 R (1979—2002 4F)
Table 4 Relative risks( RR) of cancers at certain sites for different individual lifetime dose groups, mSv (1979 —2002)

- 0~99 mSv 100 ~ 199 mSv 200 ~299 mSv 300 ~399 mSv =400 mSv fEE i

- wik iRk RR(95% CI) i RR (95%CI) % RR (95%CI) 14K RR (95% CI) P
AT 232 390 0.86(0.67~ 1.09) 302 0.94(0.76~ 1.16) 383  0.85(0.64~ 1.12) 134 0.78(0.56~ 1.11) 0.4070
P L 33 15 0.91(0.34 ~ 2.42) 6 2.77(0.51 ~15.07) 5 0.81(0.16 ~ 4.18) 2 1.04(0.10 ~10.53) 0.726 1
Ea RN 199 375  0.86(0.67~ 1.10) 296 0.92(0.74~ 1.15) 378  0.85(0.64~ 1.12) 132 0.78(0.55~ 1.11) 0.3774
B 46 72 0.79(0.48 ~ 1.27) 80 0.88(0.59~ 1.33) 45 0.51(0.28 ~ 0.94)* 12 0.65(0.25~ 1.67) 0.0860
B 13 38 1.08(0.41 ~ 2.83) 25  0.71(0.34 ~ 1.51) 44 1.05(0.38 ~ 2.90) 15 0.87(0.27~ 2.86) 0.4390
i 1 7 2.44(0.19 ~31.8) 8 3.29(0.39~28.00) 10 2.65(0.19~37.19) 4 3.65(0.18 ~76.20) 0.379 2
H¥E 2 4 0.69(NA~ 5.07) 4 1.51(0.18 ~12.62) 6 2.42(0.16 ~36.14) 3 0.81( NA~11.72) 0.4728
liiRta 56 114 0.86(0.56 ~ 1.33) 97  0.86(0.60~ 1.24) 102  0.80(0.48 ~ 1.32) 18  0.40(0.19~ 0.82)* 0.040 8
i 13 58 0.86(0.38~ 1.96) 22 0.75(0.34~ 1.62) 49  0.53(0.22 ~ 1.31) 18 0.75(0.26 ~ 2.17) 0.062 4

TENA FORFRBIEUD AR BEZA H 95% I IX 8] (CT) F B ; R rp & FHR 4 RR 8450 ~99 mSv AR HAHEH] 250 ~99 mSy A (RR=1) H#E % =

4.718.6.295,P <0.05
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1987—2002 4F- 28 W MR JE 44 Ji S JehiE | 2 5B S A A8 S8 T- A S B (RR) & 95% mI{F X [A] ( CI)

Table 5 Relative risks( RR) and 95% confidence interval ( CI) of all cancers, all solid cancers and

lung cancer after adjusting for smoking (1987 —2002)

S % A B TR KA i VR A S
= A HiL X Xof HE L X RR 95% CI RR 95% CI

XNl

LRI 692 303 0.98 0.85~1.12 1.00 0.87 ~1.15

EoaH SR N 668 292 0.98 0.85~1.13 1.00 0.88 ~1.16

it 988 80 49 0.72 0.50 ~1.03 0.74 0.52 ~1.06
UL

LR ERAE 471 218 0.91 0.78 ~1.07 0.95 0.81 ~1.12

gt SN 458 216 0.90 0.76 ~1.06 0.93 0.79 ~1.10

Jiti ez 63 42 0.65 0.44 ~0.96 0.68 0.45 ~1.00

TE s i T Lo MR AR A, LtV WS AR A B A R A A, BB SRR AE R P F

LB IEASE T fE RS S — B R R

5. W R X i oE HE T A1 B 5 1) P9 43 AT < 28 TR AR o)
HE T AT IEAE |40 S A S AR I 98 %) AFDRE A8 5 471
TS5, LW 5 1Y 1987—2002 -9 fE LT
TR T B, A EBEAESE T A X fE K RR = 1. 00
(95% CI:0.87 ~1.15) , b XS AEFET- R 2 2T
Gt (P >0.05) , FBERL P4 iR aE AT
ARG RS 5354 RR =0.95(95% CI:0. 81 ~1.12) Fll
RR =1.14(95% CI.0. 89 ~ 1.47) , ¥k il — 25 4%
Br, P DX B RE FE T2 22 R W RSt # L (P >
0.05),

6. VI A T R AR X S R R AR 1987 —
2002 4F- 4RSI E S 32 B A ) e RE ST T R A
WK B 5 B9 ERR/Sv K& 95% CI 45 5 F % 6,
1979—2002 4F 2 7% JiE i [X. 4= 3B 9% 4iE 19 ERR/Sv 2l
-0.01(95% CI. —0.50 ~0.64), 36 A4,
1987—2002 4, &1 W K AT, 1o A JU e 1X. 4 308 9 i
FET (1Y) 45 AH XT A5 5 R AN - 0.04 (95% CI:
-0.59 ~0.74) . VHFEMIHSE , AR 0. 01 (95%

R 6 1987—2002 AV W K iy i #E AFUAH X
fE b Z B0 (ERR/Sv)

Table 6 Excess relative risk per Sv of certain site cancers

after adjusting for smoking during 1987 —2002 ( ERR/Sv)

B il AL W iy WAL 5

o ¥ ERR/Sv  95%CI ERR/Sv  95%CI
AFPEAE 995 -0.04 -0.59~0.74 0.01 -0.56~0.81
TSR 960 -0.07 -0.62~0.71 -0.02 -0.58 ~0.78
i) 288 -0.72 -1.36~0.42 -0.67 -1.33~0.50
e 169 -0.98 -1.57~0.45 -0.94 -1.57~0.53
= 91 -0.63 -1.56~1.93 -0.62 —-1.56~1.96
iy 129 -1.06 -1.57~0.21 -1.02 -1.58~0.28

7 CL {5 X [A]
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