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ABSTRACT

As a part of the China-Japan cooperative research on the natural radiation epidemiology, we have carried
out a dose-assessment study to evaluate the external ekposure to natural radiation in the high background
radiation area (HBRA) of Yangjiang in Guangdong province and in the control area (CA) of Enping prefecture
since 1991.

Because of the difficulties in measuring the individual doses of all inhabitants directly by the personal
dosimeters, an indirect method was applied to estimate the exposed dose rates from the environmental radiation
dose rates measured by survey meters and the occupancy factors of each hamlet. An individual radiation dose
roughly correlates with the environmental radiation dose and the life style of the inhabitant. We have analyzed
the environmental radiation doses in the hamlets and the variation of the occupancy factors to obtain the
parameters of dose estimation on the inhabitants in selected hamlets; Madi and the several hamlets of the
different level doses in HBRA and Hampizai hamlet in CA. With these parameters, we made estimations of
individual dose rates and compared them with those obtained from the direct measurement using dosimeters
carried by selected individuals. The results obtained are as follows ;

1) The environmental radiation dose rates are influenced by the natural radioactive nuclide concentrations in
building materials, the age of the building and the arrangement of the houses in a hamlet. There existed a fairly
large and heterogeneous distribution of indoor and outdoor environmental radiation. The indoor radiation dose
rates were due to the exposure from the natural radioactive nuclides in the building materials and they were

about twice higher than the outdoor radiation dose rates. This difference was not observed in CA.
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2) The occupancy factor was affected by the age of individuals and the seasons of a year. Indoor occupancy

factors were higher for infants and aged individuals than for other age groups. This lead to higher dose rates of

exposure to those age groups.

3) A good correlation was observed between the dose rates indirectly assessed and those measured directly, and

the correlation factor was 0.97.
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Fig. 1 Location of the investigated HBRA and CA in China
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Fig. 2 Frequency distribution of the indoor radiation dose rates in China
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Table 1 Characteristics of the radiation dose monitors used for spot monitoring

. Apparent indoor . Calibration coefficient fér
Dose monitor ‘background level Pg;gg;gg? MZ?:;rab]e Mef:ﬁrzble standard y radiation
. (on Japan) gy g (IMeV y ray)
Scintillation survey in air
meter 0.093 +0.006 | 5.0 | 50keV~1MeV | ~30.Gy/h 0.79
(Aloka TCS-166) (4 Gy/h)
Electronic pocket O-Qg1 +0.005 in air (Gy/Sv)
dosemeter (with phantom) 5.0 | 60kev~3MeV| ~99.99.Sv 0.87 to.01
, 0.076 ’ R (with phantom)
. +0.004
(Aloka PDM-101) ( uSv/h) 0.89 *o.01
Thermoluminescence in air (Gy/ (S)V)g 9 +0.10
dosemeter + . :
0.093 £0007 | 7.6 | 30kev~10MeV| ~200mSv (with phantom)
(National UD-200S) (Sv/h) 0.93 +0.06
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Table 2 Actual dose assessment in Madi hamlet

environmental Individual exposure | Questionnaires of
Groups and number of families radiation dosimetry occupancy factor
dosimetry TLD PDM ( by interview)
Large family
A including [10] O O O O
3 generation -
Families
B containing [40] O O - -
A group
All families in [188] O — — —
¢ hamlet

Table 3 Variations of the indoor radiation dose rates in Madi hamlet

Measuring point Mean environmental dose rate ( « Gy/h)
Bed room 0.44 + 0033 (7.5%)
Living room 0.41 +  0.035 (8.6%)
Kitchen 0.45 + 0038 (8.5%)
Entrance 0.38 + 0050 (13.1%)
The other room 0.39 =+ 0070 (17.8%)
Indoor average 0.43 =+ 0.030 (7.0%)
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Fig. 3 Variation of the mean environmental radiation dose rates in the HBRA (measured by survey meter)
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Fig. 4 Frequency distributions of the indoor radiation dose rates by building materials
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Table 4 5 radioactive nuclide concentrations in the environmental materials in HBRA and CA of China

(Ba/kg) (1991~1997)
Sample n| K40 Pb-212 | TI-208 Ac-228 Pb-214 | Bi2l4 Ra-226 | Cs-137 [Th/U
1460.7keV | 238.6keV | 583.2keV | 911.2keV | 351.9keV | 609.3keV | 186.0keV | 661.6keV
HBRA| Tile og 12274393 | 447+ 113 157+ 82.8 | 356+ 106 | 279+ 78.1 | 253+ 78.6 | 469+ 125 | 3.6 = 0.2 16
410 ~1883 | 313~739 | 74 ~ 331 | 235~ 610 | 178~ 455 | 155~ 424 | 259~ 669 | 34 ~ 3.7 |
Brick %%Mmluumam%m4mu%2mum7mwwem¢m Mi%lg
543 ~1330 | 163~1412| 74 ~ 290 | 120~ 454 | 107~ 337 | 94 ~ 303 | 212~ 527 | 1.1 ~10.9]|
Mud gmuﬁs%ﬁm7Mim7%umzmwu2H%%5mu%J 5 19
151 ~1475| 180~ 351 | 51 ~ 102 | 226~ 313 | 107~ 189 | 86 ~ 164 | 218~ 440 | 4.8 ~ 4.8 |
Stone 1 [11534405 | 258+ 125 | 13250.7 | 202 104 | 188+ 102 | 165920 | 345+ 206 ND 14
271 ~1472| 140~ 458 | 38 ~ 223 | 98 ~ 357 | 76 ~ 329 | 65 ~ 291 | 128~ 710
ﬂddwﬂ234ut3u 184107 | 50 +28.1| 158+ 114 | 110457.2| 95 £54.3| 216+ 146 | 33+ 1.7 |, ,
28 ~1110| 27 ~490 | 8 ~123| 3 ~419| 30 ~254 | 2 ~231| 55 ~ 583 | 0.7 ~ 6.3
Rice field| , (650 & 414 | 262123 | 75 £42.8 | 242+ 109 | 140+ 52.8 | 12146.8 | 248+ 132 | 48+ 16 || o
soil 107 ~1610| 66 ~513 | 19 ~ 175 | 65 ~481 | 61 ~ 276 | 53 ~ 241 | 24 ~ 535 | 2.9~ 7.6
%mwm77wim 289+ 123 | 76 =317 | 246-96.8 | 158+ 91.1| 143+ 80.3 | 328 + 194 ND 18
485 ~1260| 207~ 430 | 57 ~ 113 | 187~ 358 | 87 ~ 261 | 79 ~ 233 | 173~ 545
CA Tile 4| 7384234 | 1574 25 | 53 £22.7| 186£76.4| 86 £59.5| 84 £64.5| 244+ 106 ND 18
487 ~950 | 155~ 159 | 37 ~ 79 | 132~ 240 | 22 ~ 139 | 18 ~ 147 | 169~ 319
Brick |, (324161 | 64 £27.8| 18+ 0.0 | 68 £47.7| 52 £22.0| 45 £16.8( 101+ 42 5.3 12
231 ~509 | 39~94 | 9 ~27 | 31~122| 32~ 75 | 30 ~ 63 | 68 ~ 149 | 53~ 5.3
Mud | ,|222+204 | 29£175| 10 + 5.2 19 28+ 80| 25+ 6.3 | 50 = 1.0 ND L0
77 ~366 | 17~42 | 6 ~ 14 | 19~ 19 | 22~ 34 | 21 ~ 30 | 50 ~ 51
Field soil| ,|229 271 | 60 £91.2| 18 £26.8| 17 £ 2.0 | 46 £59.5| 42 £51.6 | 107+ 139 | 22+ 17 | 4
30 ~690 | 13~223| 4 ~ 66 | 15~ 18 | 15~152| 15~ 134 | 27 ~ 315 | 0.8 ~ 4.2
Ricefield| ¢|163+131 | 2862 | 9 £44 | 25+41 | 28+£42| 2432 | 62+136|35+08 |,
soil 44 ~332 | 22~34 | 5 ~ 15|21~ 29 | 24~ 32 | 20~ 28 | 50 ~ 77 | 2.8~ 4.6
HBRA| Tile 1.66 2.85 2.96 1.92 3.23 3.01 1.92 ND |0.88
/ Brick 3.03 6.52 7.27 4.35 4.18 4.36 3.69 0.78 |1.56
CA | Mud 4.26 8.95 7.54 14.6 5.00 4.71 6.05 ND [1.79
Field soil 1.85 3.05 2.86 9.49 2.40 2.25 2.02 1.48 |1.27
Rice field soil 3.98 9.35 8.44 9.75 5.07 5.14 3.99 1.36 |{1.85
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Fig. 5 Distribution map of the environmental radiation dose rates in Madi hamlet (Bed room)




wEfth  IE - R E RN B SRR EE, MBS L EROEASMBHIL < SREFHT

Table 5 Variation of the environmental outdoor dose rates in Madi hamlet

Sampling point Dose rate at Dec. 1995| Variation {Dose rate at Sept. 1996{ Variation Sept./Dgc.
(nGy/h) factor (%) factor (%) | dose ratio
In village Near of pond 0.22 £ 0.003 14 0.23 == 0.011 21 0.96
Open ground 026 =4 0.004 12 025 £ 0.012 9.2 1.04
Near well 0.27 £ 0.004 22 0.27 £ 0.012 17 1.00
Path 039 =+ 0.006 15 036 == 0.017 17.8 1.08
Village entrance | 0.31 =+ 0.005 9.7 0.35 £ 0.016 6.1 0.89
Working square | 0.33 £ 0.005 21 0.34 =+ 0.016 21.5 0.97
Out of village Road 022 =+ 0.004 6.8 022 =+ 0.010 11.2 1.00
Near of pond 0.22 0.25 0.88
Shop 0.39 0.45 0.87
Field 024 £ 0.055 22.6 024 = 004 16.9 1.03
Mean value 0.961+0.10
Rice field 025 =+ 0.042 16.6 019 =+ 0.043 22.2 0.77
80
70
0.96+0.10
)
60 10.7%
n=282
50
2 40
£
=
b=
30
20
10
0

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45
Indoor dose rates on Dec. 1995 / Sept. 1996 ratios

Fig. 6 Frequency distribution of the indoor dose rates Dec. 1995/Sept. 1996 ratios in Madi hamlet



Vol. 37 (2000)

EHAFERT AT R

100

90

80

70

60

50

Number

40

30

[ %]

20

05060708 091 1.3 15 1.7

1.9 2.1

£
=

el
I ®

=
E=]

e
i
#

=i
€ | oE

—
D ———

S

EX
«— [EF7] ]

«——
«— [ET]

—— Environmental
dose rates at;
Madi

23 25 27 3.0 32 34 36 38 40 (mGy/y)

Fig. 7 Frequency distribution of the individual exposure dose rates in the HBRA and CA (measured by TLD)

(uGy/h)

0.5

0.4

0.3

0.2

Indoor dose rates

0.1

0.0 ! ]

y=1.13x
(r=0.82)

i i il

0.0 0.2

03 04 05 (uGy/h)

Individual dose rates

Fig. 8 Relation between the indoor dose rates and the individual exposure dose rates (measured by PDM)

BRAMER LTS, BRI TRl U 72 F i
AREEL2.5mGy/yTh 5, AL HBELD
BRI, B OBREREESF 4+ ERTH
WA, AT RERIERREERICRLME
BLTWBZLERBLTWS, MAKIIEE

BLENKRERL OB EFIg. 8IoRL T3, H

ABIESBERICAZWEH NS, AUHAT

DRELEDZVRLOBARER L L UBEFRKICHK
BxhT\Wb, HBRAIZB T 5 EERTEHICEIT
HBEREDOEFHIZICADZh & h K WEEL S
%,

3.3 BERKEEABI BRI ZERHDE
kAT 25T, TLD#% K O'PDM % v THE %
AL BEOREEEBL 72, EABIZHRE



HEM  PE - BEAREEEEIC B ZRERE, RSNl K CEROMEASNBHL < HR M

q

1.0

(V)

All

X
X

(W)
ey

©
o

Indoor and outdoor in village

All indoor

L o

5
§ 0.6
g
§ 0.4 Bed room
)
O
O
0.2
OO L L ] ] ) )
0~4 5~14 15~24 25~34 35~44 45~54 55~64 65~74 75~
Fig. 9 Age effect on the occupancy factor of Madi hamlet in Dec. 1995
Table 6 Age and seasonal effects on occupancy factor
Age group ~4 and 70~ 5~69 Mean
Male Female Mean | Male Female Mean
Wit Sept. 1996 | 0.81 0.89 0.84 0.79 0.76 0.78 0.79 = 0.10
Dec. 1995 | 0.78 0.81 0.79 0.58 0.66 0.62 0.66 = 0.13
& (Sept) 0.87 0.99 0.91 0.80 0.77 0.79 0.80 = 0.11
ZE3K (Sept.) 0.88 0.90 0.89 0.78 0.83 0.80 0.81 = 0.09
A (Sept.) - — - - — — 0.80 £ 0.08
BT (Sept.) 0.79 0.90 0.84 0.81 0.83 0.82 0.82 = 0.07
Mean (Sept. 1996) 0.84 0.91 0.87 0.79 0.80 0.80 0.81 = 0.09
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Table 7 Seasonal variation of the individual exposure dose rates of inhabitants in Madi hamlet

(using TLD)
Measuring period Number Expousure dose rate
(3 months) (mGy/3 months)
Dec. 1993~ 10 0.51 ~ 0.77 0.62 + 0.057 (9%)
Sep. 1994~ 80 0.57 ~ 1.11 0.77 = 0.095 (12%)
Dec. 1995~ 28 0.32 ~ 0.65 0.51 = 0.085 (17%)
80
Dec. 1995
70 q=0.66+0.13
60 (n=156, 6 =19%)
50
g 40
E
3J
Z 30
20
10
O 1
0.35 0.45 0.55 0.65 0.75 0.85 0.95 1
30
Sept. 1996
25 q=0.79+0.10
(n=52, 6 =13%)
20
z
€ 15
3
Z
10
5
0

0.45 0.55 065 0.75 0.85 0.95 1

Occupancy factor

Fig. 10 Seasonal effect of the occupancy factor distribution in Madi hamlet
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