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Abstract

The safety of nuclear power is always a major concern of government and citizens.
The health effect from long-term exposure to low-dose radiation from near-by nuclear
power plants is also a political and health issue. In order to study long-term health
effects among residents living around nuclear power plants, the current 3-years project
intends to continue the previous 3 years study which has established a long-term cohort
of residents in Chin-San, Wan-Li, San-Chi, and Shi-Men townships.  In the first year of
this project, we have collected blood samples from 1008 junior high school students and
environmental radiation dosage measurements from 413 households of students in Chin
Shan using TLD method . The hematologic data of school children did not show any
abnormal findings, and the results of household radiation exposure measurement also
showed very low dosage as compared with the households in Taipei City. The second
year follow up by 2 month-expose TLD, measurements from 573 school children
households confirmed the first year results of a low environmental radiation exposure in
Chin-Shan area as compared to the control households in Bang-Chiao area. The
hematologic data of WBC and platelets did not show any correlation with the household
dosage of radiation exposures. The previous findings of a hormetic effect of high RBC
& platelet counts among residents living closer to nuclear power plants in Chin-Shan area
may be due to more exercise needed for these residents living in surrounding hillside
which caused a better hematologic picture in them. The 3-years periodic mortality and
morbidity follow up in the cohort of residents living surrounding nuclear power plants

will be conducted in the third year project.

KEY WORD : Nuclear power, radiation dosage, long-term follow-up, hematologic data
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b. statistics.
c. data processing.
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N % N % N %
<11 178  31.06 2 2.47 2 1.30
[1~11.9 14 1990 7 8.64 8 5.19
12~12.9 118 20.59 14 17.28 10 6.49
13~13.9 g2 1431 19 2346 2] 13.64
14~14 9 40 6.98 19 2346 32 20.78
15~15.9 23 401 16 1975 34 22.08
=16 18 3.14 4 494 47 30.52
#at 573 100.00 81 100.00 154 100.00
Mean 12.12 13.91 15.01
SD 2.05 1.43 2.19
Minimum 7.86 10.09 1.52
Maximum 30.31] 17.10 24.87
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Sl
(kg <4800 4800~5499 5500~6399 6400~7599 7600~8599 = 8600
(cumm)
N 45 60 117 119 o7 42 456

% 9.87 14.47 25.66 26.10 14.69 9.21  100.00
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LB
SR FGOR LALLM x 10"
AR <22 22~26.9 27~32.9 =33 &
N % N % N % N %

25 1553 50 3106 56 3478 30 18.63 161

[1~11.9 6 674 26 29.21 39 43.82 18 20.22 89
12~12.9 10 10.64 25 2660 40 4255 19 20.21 94
13~13.9 9 16.36 18 3273 19 3455 9 16.36 55
14~14.9 I 385 8 3077 9 3462 8 30.77 26
15~15.9 0 0.00 7 4118 6 3529 4 2353 17

1 714 4 2857 5 3571 4 28.57 14
52 138 174 92 456

X’=14.728 p=0.681
n=18
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FKA G L3 B B ACHR 1M Y & S 4
Variable N Mean Std Dev
WBC (x10%) 219 6.69 1.66
RBC (x10°%) 219 492 0.47
HGB (8 m/dl) 219 14.73 1.16
HCT 219 43.62 3.22
MCV 219 89.10 7.23
MCH (%) 219 30.14 3.02
MCHC (%) 219 33.78 1.32
PLT (x10%) 218 229.17 53.78
xt 1 LB R 2 B AR M AR B B8

Variable N Mean Std Dev

WBC  (x10%) 222 5.88 1.45
RBC (% 10%) 222 432 0.40
HGB (9 m/dl) 222 12.51 1.30
HCT 222 37.66 3.24
MCV 222 87.57 7.33
MCH (%) 222 2911 3.23
MCHC (%) 222 33.17 1.50
PLT (x10%) 222 246.76 57.65
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Epidemiologic studies of populations near the
Sellafield nuclear facility

(Sellafied 4% 3% 4& M L 35 B IFL AT 3 A R)
Type:reprocessing/reactor(#& 3 K f& %)
Start-up:1950

XRK SRR e I F K #
Reference Study type Cancers Years Dose
Craft and Birch(1983) RBEAS A & DI LM 1968-82  Geopolitical
Black(1983) WBEH L % %M 1959-82  Geopolitical

fostt &

(R)
Cardner and Winter WBEFE T % % ey 1959-78  Geopolitical
(1984)
Grquhart et al (1984) B A & % B MY 1963-82  Geopolitical

fost v &
Gardner et al (1987a) LA el %4t 1950-83  Geopolitical
Gardner et al.(1987b) 4 e & %M 1955-86  Geopolitical
Gardner et al (1990a.b) 9% 15] $1 B8 é fn 5% 1950-85 Dose +

He & surrogate

( R )=review article:all others are original analyses.
(XAKEIAR © HAb3y R R 4555 37)
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Epidemiologic studies of populations near the

Altermaston and Burghfield nuclear facilities

(Altermaston Fv Burghfied #% -F 3% 5% 4 34 35 BE 5 4T 5 £ 5

Type:weapons production(& 25 £ o)

Start-up:1952(Aldermaston): 1962(Burghfield)

)

XK L R F 1% # %
Reference Study type Cancers Years Dose
Barton et al (1985) B A E N SLadfmsm  1972-84  Geopolitical
Grquhart et al.(1986) RBEEE A R & fo 5 1971-81  Geopolitical
N
Roman et al.(1987) BT E I adsgk  1972-85 Geopolitical
/distance
COMARE(1989) wEEA R SN 1961-85  Geopolitical
Fo Lt £(R) /distance
(R)=3CBKCIAR © R 40392 B4 47
Epidemiologic studies of populations near the
Dounreay nuclear facility
(Dounreay # T ix fe M 3 36 BE AT 5 R
Type:reprocessing/fast reactor(H ik & J& 33)
Start-up:1958
K R % IE F K B ¥
Reference Study type Cancers Years Dose
Heasman et al (1986) B L F & f 5 1968-84  Geopolitical
He s /distance
Darby and Doll.(1987) RBHE A F & f 1968-84  Geopolitical
Fo s+ % (R) distance
COMARE(1988) PRBEAE & & fn 1968-84  Geopolitical
(R) /distance
Urquhart et al (1991) #h ] ¥1 B & 5 1970-86  Geopolitical
e

(R)= XBKE@R © AR B DT
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Eptdemiologic studies of combined populations near

nuclear facility in the United Kingdom
(BB % T30 it i S A B Z AT R 2 R)
Type:multiple

Start-up:1939-1971

W&/ K Number of 8% & IE F4K # 2
Region Reference Facilities Study type Cancers Year Dose
England and Wales
(R 8 - AE¥)

Baron (1984) 14 R T % % My NS Geopolitical
/distance
Beral (1987) 14 WBER L & a fn 55 o 1959-80  Geopolitical /
fore % 2T distance
Ewing et al (1989) 1 PB4 & & fo 5 1959-86  Geopolitical /
He
Cook-Mozaffari et al 15 WREEES A R % ey 1959-80  Geopolitical /
(1987) fop v % distance
Forman et al (1987) 1S 2O e %My 1969-78  Geopolitical /
distance
Cook-Mozaftari et al IS MEE 4R %M 1969-78  Geopohtical /
(1989 a) A distance
Cook-Mozaffari et al 8 BT % MY 1969-78  Geopolitical /
_ distance
Scotland (& 4 )
Gillis and Hole NS BT E LAk 1969-83  Geopolitical
(1984)
Heasman et al (1984) 3 MERE A R NS EhE 1968-81  Geopolitical /
distance
Hole and Gillis 4 HEEAR NS asmk 1968-85  Geopolitical
(1986)

NS = not stated.
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Epidemiologic studies of populations near nuclear

weapons plants in the United States.
(ABEE AT K 8 R B GBI ATHREPR)
Type:weapons production(#, % & &)

Start-up:see table

Facility { start date ) MR A & IE 4% B

Reference Study type Cancers Years Dose

Oak Ridge(1943)

Moshman and Holland B A X M EE 1949 Geopolitical

(1949)

Patrick(1977) MBEEAE R SRE 1929-71 Geopolitical

Goldsmith(1989a.b) BT E IR 1950-79 Geopolitical

Hanford(1944)

Padeley(1965) HEERE RIE 1959-64 Geopolitical

Bailar and Young BT & A i 5 1934-63 Geopolitical

(1966) REIE

Goldsmith(1989b) BT E IR B 1950-79 Geopolitical

Rocky Flats(1951)

Johnson(1981) WBEE A & $HMZEE 1969-71 Soil plutonium
exposure

Crumb et al.(1987) B4 X % MHEE  1969-81 Soil plutonium

‘Area-based data are not age-adjusted

GLEHMEH I &AL F8)
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Epidemiologic studies of populations exposured to fallout
from the Nevada Test Site(1951-1962).United States

(% B Nevada B335 (1951-1962)%a 4 At 3k 7§ 64 45 BF 54T 4% 2 ¥R R)
Type:weapons test site( 3, 25 B 3K 45)

Start-up:1951

X K iR 7% IE FHK & &
Reference Study type Cancers Years Dose
Lyon et al (1979,1980) b B WA 1944-75 Fallout Maps

Fo 4t 52 geopolitical
Johnson(1984) A% o i %4 &IE 1958-80 Geopolitical
Land et al (1984) MBI % % A ME NS 1950-78 Fallout Maps
& IE geopolitical
Machado et al.(1987) WBEET F %M EE 1955-80 Fallout Maps
geopolitical
Stevens et al.(1990) Ja 15 # B3 A i 1952-1981 Individual
dose
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Epidemiologic studies of populations near nuclear

power plants in the United States

(L BRWEL TS RBZRITRERAR)

Type:nuclear power plants(#% & 5)
Start-up - (see table)

X HK MRt & IE F K 1
Reference(start date) Study type Cancers Years Dose
Lambert and Cornell(1980) HBERTE B 55 1950-71 Geopolitical

Big Rock Point. 8 A 48 ] /distance
Michigan(1963) g X Z M RE S
Enstrom(1983) San BT R a 5/ 1960-78
Geopolitical
Oonfre.California(1968) B #&
LeRE
X X
Clapp et al.(1987)Pilgrim B A F B fo 5 1982-84  Geopolitical
Massachusetts(1972)
Poole et al (1988)Pilgrim MEBEE AR & 1985-86  Geopolitical
Massachusetts(1972)
Hatch et al.(1990). LB FEH A & 55 19775-85  Geopolitical
Three Mile Island.,PA WEBESLE  HEA
(1978) 5] # BB o 47 2RI
* ZMRE
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parameter estimates and standard errors (in parentheses)of multiple regression

analyses - age, sex (male=1, female=0), daily number of cigarette smoking, daily number

of drink, and radiation exposure (1/D,>+ 1/D,) related to blood cells counts and other

blood characteristics aged 35 and above in Chin-Shan community, Taiwan

Blood Intercept Age Sex Smoking Drinking I/D,’+ 1/D,}
Component
Hb, g/dl 139 -0.02%** 1.48%** 0.23** 0.28** 2.86%**
(0.14) (0.002) (0.07) (0.07) (0.07) (0.82)
HCT, % 42.6 -0.05*** 4. 10*** 0.55* 0.43 1] 3***
(0.48) (0.007) (0.23) (0.24) (0.23) (2.72)
MCV, fl 878 0.07*** 0.001 1.53 1. 34%** 1.74
(0.72) (0.01) (0.34) (0.35) (0.34) (4.07)
MCH.pg  29.1 0.012 0.27 0.65** 0.76%** -3.29
(0.46) (0.007) (0.22) (0.23) (0.22) (2.63)
MCHC, g/dl 33.1 -0.011 0.29 0.13 034 -3.91
(0.44) (0.006) (0.21) (0.21) (0.21) (2.48)
PLT.10*ul 2901 -0.62%** 11 1** -6.03 0.59 208 T***
(7.76) (0.12) (3.65) (3.81) (3.70) (44.1)
WBC, 10*/ul 5.86 -0.004 0.26*** 0.46*** -0.18 4.66%**
(0.16) (0.002) (0.07) (0.08) (0.08) (0.90)
RBC, 10°ul  4.86 -0.009*** 0.44*** -0.03 -0.02 1. 16%**
" (0.06) (0.001) 0.03 (0.03) (0.03) (0.32)
D,and D, distances between a study participant's home and nuclear power plants land 2,
respectively; Hb,, hemoglobin; HCT,hematocrit, MCV, mean corpuscular volume;
MCH. mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration, PLT, platelet; WBC, white blood cell; RBC, red blood bell.
*p=00S, **p=001, ***p=<0.001]
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MiF& A~ 1995540~ B E - =¥ « BPImMEN— s —FR
2 & AR B AE AR

F (n=034) 4t (n=482)

T8 BEE RRME RDME PHEAZREE KRKE &KME

WBC 6.9 1.68 12.4 3.1 68 217 320 3.0
RBC 44 041 6.2 3.1 43 042 6.3 2.6
HGB 12.2 1.03 16.2 9.1 12.1 1.15 17.7 74
HCT 37.1 286 476 273 36.8 297 476 223
MCV 84.1 5.66 100.0 594 85.1 596 986 547
MCH 279 270 392 16.7 28.1 278 380 16.6

MCHC 331 1.85 392 245 33.1 260 71.7 260
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M+ ~ 1996 F4% - BFERHME /L — - —FRELF hRIBEM

oKD
%4 (n=103) 4ot (n=86)

FH# BEE RRME RAME Tf AZHEE RAMA BME
WBC 7.8 2.07 19.6 43 7.7 1.77 13.2 4.4
RBC 4.6 0.39 6.2 39 4.5 0.31 5.8 39
HGB 12.7 0.80 14.7 10.4 12.8 0.74 14.3 11.1
HCT 36.5 2.03 414 31.6 36.9 2.02 413 31.5
MCV 79.6 5.82 88.0 58.0 83.1 4.18 90.0 63.0
MCH 27.8 2.39 31.0 19.0 28.7 1.68 33.0 21.0
MCHC 354 5.00 84.7 31.9 34.7 0.72 36.5 33.0
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FZ 19T LB Y AERMEHNAE

(kg/m®)

E 753 — 4R R ZER
JA B Mean STD Mean STD Mean STD
B
N 134 203 151
Blood pressure (immHg)
Systolic 1020 11.05 1094 1225 1098 11.77
Diastolic 63.5 7.85 65.7 8.32 68.8 7.66
Body weight (kg) 46.1 11.83 52.6 1031 56.9 1043
Body height (cm) 1573 9405 1646  6.59 1680 7.14
Body mass index
(ke/m?) 18.4 3.15 19.3 3.11 20.1 2.90
piaicd
N 165 181 174
Blood pressure (mmHg)
Systolic 1008  9.98 1050 1135 1038 11.76
Diastolic 64.3 7.30 64.7 8.46 66.7 8.71
Body weight (kg) 46.5 8.66 48.6 7.86 51.0 8.74
Body height (cm) 156.1 5.65 157.8 5.70 158.5 5.61
Body mass tndex 190 3.10 195 295 203 319
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2= 19972 LA T EEaRigEARAE (—)

F 4R — 8 —F R ZFR

18 H Mean STD Mean STD Mean STD
5

N 134 203 151

WBC (103/ 1) 6.2 1.33 6.4 1.40 6.3 1.61

NEUT (103/ 1) 33 1.04 34 1.10 34 1.36

LYMPH (103/ 1) 2.1 0.45 2.2 0.52 2.1 0.52

MONO (103/ 1) 04 0.12 0.4 0.18 0.4 0.20

RBC (106/ u 1) 4.8 0.37 5.0 0.43 49 0.39
poaicd

N 165 181 174

WBC (103/ 1) 6.7 1.53 6.8 1.72 6.7 1.75

NEUT (103/ 1) 3.8 1.38 39 1.48 4.0 1.51

LYMPH (103/ 1) 2.2 0.49 2.1 0.48 2.1 0.51

MONO (103/ul) 04 0.13 0.4 0.22 04 0.19

RBC (106/ 1) 4.6 0.36 4.7 0.46 45 0.40

WBC: white blood cell; RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit;
NEUT: Neutrophile; LYMPH: Lymphocyte; MONO: Monocyte;
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A= 19TF 2 LB Y ELRBREMASE (2)

1R — R R =R

18 B Mean STD Mean STD Mean STD
B

N 134 203 151

HGB (g/dl) 13.5 0.96 13.9 0.93 13.4 1.23

HCT (%) 399 2.25 414 2.56 414 3.32

MCV (fl) 82.7 561 833 5.65 85.1 6.00

MCH (pg) 279 247 28.0 2.53 274 2.84

MCHC (g/dl) 33.7 1.12 33.6 1.37 322 1.96

PLT(10Y )y 2827  57.45 2850 7315 252.1 6698
g3

N 165 181 174

HGB (g/dl) 13.1 0.82 13.1 1.07 123 1.05

HC.T (%) 39.1 1.95 39.2 241 383 2.40

MCV (fl) 84.7 5.61 84 .4 6.42 86.1 6.08

MCH (pg) 28.4 235 282 2.80 276 2.66

MCHC (g/dl) 334 1.04 334 1.24 321 1.56

PLT(10Y 1) 2989  91.17 281.0  63.57 2655 63.17

HGB: Hemoglobin; HCT: Hematocrit; MCV: mean corpuscular volume;
MCH: mean corpuscular hemoglobin;

MCHC: mean corpuscular hemoglobin concentration; PLT: platelet
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£ BEFREH B SRR — B - B EE D

A=(I/Ry+(1/R,?)

N

24t R ER <0.05 0.05-0.075 0.075-0.1 0.1-0.125 =0.125

(&%)

dose < 10 2 3 12 ) 1 20
10=dose< 11 4 1 12 5 5 27
11 <dose< 12 4 | 7 2 2 16
12 <dose < 13 6 > 8
13 =dose 1 3 ] 5
N 3t 10 6 40 11 9 76

ps: R\Z S Ry A1 &2 & 5 P A 4L M B 4% — Bk ~ o eyiesE (NE)

A5 9O

M EEEH A Dose=10.81-0.49(A) > r’=0.0001
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A BAMERIIEE B B esEa b g &M
Fal &) Bl 1%
A=(1/R H)+(1/R,%)
<0.075 0.075—-0.1 =0.1 ANOVA
Mean STD Mean STD Mean STD P value
B+ (N=64)
N 18 32 14
WBC 6.4 1.5 6.2 1.2 6.2 1.3 0.820
RBC 4.8 0.4 4.9 0.4 50 06 0.518
HGB 136 09 140 1.0 139 07 0.379
HCT 40.3 2.3 41.0 3.2 41.5 2.3 0.450
PLT 289.1 735 286.1 1304 2752 529 0.930
4ot (N=63)
N 16 33 14
WBC 6.3 1.3 6.6 15.0 6.8 2.4 0.650
RBC 4.3 0.4 4.6 0.3 49 06 0.002
HGB 12.5 1.3 13.0 1.1 12.6 1.0 0.288
HCT 377 20 389 20 382 1.9 0.132
PLT 2928 102.6 3104 1120 2795 614 0.610

pS: RIZ RV BIR A S E RS Al i ds — Bk ~ L — B P 368k (N E)
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X FAEAFRz AR ER LA

AR B AE = B 14

el (Ew %)

dose =10 10<dose=11 11<dose=12 13 <dose ANOVA
Mean STD Mean STD Mean STD  Mean STD P value
H4E (N=183)
N 46 60 43 34
WBC 63 1.2 6.3 1.5 6.2 1.5 6.6 1.5 0.65
RBC 50 04 49 0.5 4.9 04 50 05 0.67
HGB 136 1.1 13.7. 1.0 138 10 139 09 0.47
HCT 407 24 40.7 2.5 409 23 411 3.2 091
PLT 269.8 443  289.1 1033 2694 550 2812 64.0 0.47
4t (N=230)
N 62 71 53 44
WBC - 6.9 1.5 6.5 1.6 7.0 1.9 6.7 1.8 0.27
RBC 4.7 0.4 47 0.5 4.7 04 46 04 0.66
HGB 131 09 13.0 1.0 130 1.0 130 13 0.87
HCT 393 21 390 22 390 23 389 32 0.87
PLT 3009 833 2852 98.1 2936 656 2782 594 0.49
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