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Dosimetric assessment of radiation exposure using teeth

Keiichi Sasaki

Division of Advanced Prosthetic Dentistry, Tohoku University Graduate School of Dentistry

Key words: exposure to radiation; deciduous teeth; radioactive Sr; radioactive Cs;
Fukushima-daiichi nuclear power plant accident

Abstract

Four years have passed since the Fukushima-Daiichi -Nuclear-Power-Plant (FDNPP) accident.
Among the various radionuclides released following the FDNPP, Sr-90 and Cs-137 are now major
contributors to environmental contamination. These radionuclides are incorporated into teeth during
the process of calcification and remain there until the tooth falls out or is extracted. Because
deciduous teeth are formed when children are thought to be most sensitive to radiation, we
hypothesized that radionuclide levels in deciduous teeth could serve as an index of internal exposure
to radiation during the growth period.

Exposure to radiation also generates stable carbonic radicals that accumulate and remain in the
teeth for extremely long periods of time. Therefore, the levels of these radicals can serve as an index
of an individual’s external exposure to radiation.

To assess both internal and external radiation, we started collecting deciduous teeth at the
beginning of 2014 from children in the Fukushima area and control area where the effects of the
FDNPP accident were considered negligible. Approximately 2,800 deciduous teeth have been
collected through February 2015. We continue to analyze these teeth using autoradiography with
imaging plates, physicochemical determination of radionuclides (Sr-90, Cs-137, and Cs-134), and
carbonic radical quantification with electron spin paramagnetic resonance (ESR).

The deciduous teeth collected so far were formed before March 2011, so we have not found any
significant differences in tooth radionuclides levels between those collected from Fukushima and
control Prefectures (Niigata, Shizuoka, Kumamoto, and Hokkaido), or among the teeth collected from
four major cities in Fukushima Prefecture (Fukushima, Kohriyama, Iwaki, and Aizuwakamatsu).
These findings might be important control data for future studies on teeth formed after March 2011,
which will be collected in the next several years.

ESR quantification of carbonic radicals seemed to be useful for teeth exposed to high radiation
doses (e.g.,>100mGy). However, the technique was not sensitive enough for exposure to lower
radiation doses (e.g., <50mGy) . We are currently optimizing the technique accurately quantify low
amounts of radicals in the teeth.

In this 2014 annual report, we discuss the results obtained to date and address the problems
associated with dosimetry using teeth.
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#1 RNOMELT-BROME, (0F EUPEND) ROZHZROREERT, fik
1 & DU, Q1-Q3

First floor Location Numbers Rf Second floor Numbers Rf
0.38 Room for all 0.46
Living room F 80 (0.31-0.47) purposes 32 (0.39-0.55)
0.49 0.44
Bedroom B 40 (0.40-0.61) Child's room 19 (0.40-0.56)
0.34 0.44
kitchen FB,F&B 13 (0.32-0.44) Bedroom 17 (0.37-0.52)
0.54 0.58
Child's room F.B 6 (0.46-0.93) Living room 1 (0.52-0.60)
0.39 0.53
Others F 15 (0.32-0.43)  Attic 2 (0.52-0.53)
0.51 Freestanding 0.60
B 7 (0.42-0.67) small house 2 (0.55-0.61)
Freestanding 0.69
small house - 2 (0.51-1.23)
(163)  0.41 All data at second (73) 0.45
All data at first floor (0.33-0.53) floor (0.38-0.56)
Total 0.43
236 (0.34-0.53)

*F and B indicate the location of the room within the house. F: on the front of the house, B: on the back of
the house, F&B: facing the both sides. Most rooms on the second floor are located on the front side of
the house.

**Reduction factors are expressed as the median (Q1-Q3).

2 BRYE OEZ ORI OBRYLRIE DT o~ AT NV DAL
3 TR LKA 2 R EAf L 72 69 F D 9 5 37 FIZ DWW AR 25 4E 12 H 126 429 A ~11

ARG DO FREZIT o7, BRYRIC X 2 0 E Y B O T =ILEH Tl 037 £0.12, BN
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BRYL 1% DT OARBUR IO BE /541 2 X 4 1R, ARIBERE A1 (n=307) D HIsff, IO o3 B
1% 0.63(0.50-0.81) L 7l S 7z, [R—DRIERA > MBI D IEBARENIERGLATO 1.3-1.4 51278
ST, HUwREANT S BEEl U7z B Cs 12 & 2 BELAR(S) & EEHR (U) OffE=Rt

(SIU) DESE BTN ENBRYBIZICOWT O AR 5127, SIU HIZBYETITES. A
TENEI 094017, 216+059 (V¥ +10) ThozhBrRY%I121£2.14+£0.77, 2.68+0.94 &
720 BRRICESINTO SIU AR E S ER-> T,
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% 2 HHIUZHOWTORN KL K IFEDOR R & ORE TG Y5 E O FHE, Balom?

Average value of Average value of
surface surface
Area contamination for contamination for
wood in the room, wood in the ceiling
Bq/cm? space, Bq/cm?
litate village 0.03 0.02
Odaka district 0.31 0.24
Okuma and Futaba 4,05 2.07
Tomioka 0.74 0.32
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Shielding Factors for External y-radiation Based on
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Abstract

For accurate estimation of residents’ exposure dose after a nuclear accident, the shielding (reduction)
factor, which is the ratio of the indoor dose to the outdoor dose, is essential, as most individuals spend a
large portion of their time indoors. The aim of this study is to evaluate and determine the shielding
(reduction) factor for Japanese single-family detached wooden houses based on in situ measurements in the
evacuation zones after the Fukushima nuclear accident. The results were compared with those given in the
International Atomic Energy Agency (IAEA) document, validating the representative shielding (reduction)
factor and the representative range for wooden houses. An influence of indoor surface contamination on the
shielding (reduction) factor was also evaluated. The Japanese government used 0.4 as the shielding
(reduction) factor for one and two-story wooden frame houses referring to the IAEA-TECDOC-225 and
1162, in which the representative shielding (reduction) factor for surface deposition is 0.4, and the
representative range is 0.2-0.5 for wooden houses. However, these values given in the IAEA document
were defined to apply for assessment and response during a radiological emergency, they are appropriate if
indoor deposition is negligible, and there are the different geographical conditions of house locations in the
Fukushima exclusion zones, where most houses are located facing a steep upward slope of a hill or a
mountain, compared with the locations where the original shielding (reduction) factor in the IAEA
document was collected. In this study, we evaluated 1) the shielding (reduction) factor for detached
wooden houses before decontamination based on in situ measurements in the evacuation zones. 2) the
shielding (reduction) factor for the same houses after the decontamination work. 3) an influence of indoor
surface contamination on the shielding (reduction) factor based on actual measurements.

From 2012 to 2015, one hundred and two detached wooden houses in five evacuation zones were
investigated. (59 in litate village, 27 in Odaka district in Minami-Soma, 8 in Tomioka, 7 in Okuma, and 1
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in Futaba in Fukushima Prefecture, where all of these administrative districts has been designated as
evacuation zone.) The following results were obtained.

1) From December 2012 to December 2013, sixty-nine detached wooden houses in two evacuation zones,
litate village and Odaka district were investigated before decontamination. The median shielding
(reduction) factor with an interquartile range of 0.43 (0.34-0.53) was evaluated based on 522 survey results.
The results indicated no statistically significant difference in the median reduction factor to the
representative value of 0.4 given in the IAEA-TECDOC-225 and 1162. However, with regard to the
representative range of the reduction factor, we recommend the wider range of 0.2 to 0.7 or at least 0.2 to
0.6, which covered 87.7% and 80.7% of the data, respectively, rather than 0.2 to 0.5 given in the IAEA
document, which covered only 66.5% of the data. We found that the location of the room within the house
and area topography, and the use of cement roof tiles had the greatest influence on the reduction factor.

2) Thirty-seven houses were investigated again after decontamination work was completed. The median
shielding (reduction) factor with an interquartile range of 0.63(0.50-0.81) was evaluated based on 307
survey results. The values of the shielding (reduction) factor at the same point became 1.3-1.4 times larger
than those before decontamination. A decreasing rate of the ambient dose equivalents after the
decontamination work was 0.37 £ 0.12 outdoors and 0.48 + 0.10 (average * o each) indoors, respectively,
showing smaller decreasing rate indoors than outdoors. The same tendency was obtained by calculation
using a Monte Carlo method.

3) The indoor surface contamination level varied largely among five evacuation zones, indicating the effect
of a distance and the positional relationship from the Fukushima Daiichi nuclear power plant (FDNPP) on
the contamination level. In some areas, the indoor surface contamination level was found to be enough high
to increase the indoor ambient dose equivalent and give an influence on the shielding (reduction) factor. No
consistent relationship in the level between outdoor ambient dose equivalent and indoor surface
contamination was observed. It should be noted that the area with a high level indoor surface contamination
exists even if outdoor ambient dose equivalent there is very low. It also should be noted that indoor surface
contamination would cause not only external exposure but also internal exposure, as contaminants are loose
and removable.
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H) &L TRAIDZER D —~ O TR Lz, FRFENH RO KL Chavara /X F ¥ A T
&Y ZDEIT13.0 mSvly Th 7o, E 7 )i Tld Neendakara 7~ F v 1 23 b | < . 2.3 mSvly
T o7, Alappad /X2 F ¥ A & RN HIUZ 1.9 mSvly & LT B8 KO Cld@E o 72,

P RFIR T P Th RIIDLER Y —< RIZK T DHER BT — A THONI y BEE S T
VT K, 28U RH RO P Th RAN D28kl —~ RICHT D HEREFHME Lz, 2250 —< =
(2% % P2Th RAND G-3RI 52%705 79% & e b K& 7o 72, FRIS, 2280 —~ A 0.34 uGy/h
PLEDOMERA » MIRET D &L, ZOFERIT TN E RE L, B —~RIIHFHT HEME L
LT Th RN EETH S LRSI,

BRI & B NEBRRIE < MREFHM : 260 BFOFE (R#REEO/F v A 5 183 FE, (K =%
DR F AN TTRRBIZT R br U RRlHIEGREZREL, 7 RUVEO Mr CJREZHIE L
2o BT, PR UICERTINEHIELS 2 L0 EMICFHMET 5720, v o TR RE
MAERE LTz, 7 RUBREIL, 260 BFH 76 $FAVR I FIRMECRIE CTo 0 | M NIRE A8 2 /2o
REBSTIE 10 BmM AT ThH o7z, F£72. b o REEIT-OWTIE 260 #FHf 246 5> 5 I H FIRME %
B2 DN EG BT, < 28 10-20 Bg/m* Tdh - 7273, 100 Bg/m*Z#8 2 5 5 &) 10 FFFELEF(E L
Too bu U FERREREIREEIT, PN b e REE L UCRHMI L7z, S ENCIR BRI AN 2 S D
I3 260 #Frf 191 #F T, ZFOPEIL 0.5-3.0 BYM A KERS & Hd 7z, AHETHE LN T R kK
Fe O b v PR 2 T, T R RO b e s OW AT & D BRI < S A R TAE L7- &
Z A BREE0.13 mSv 22 5 2.60 mSv DRI 434 L | FRAfE K& OV EMiE I, 41241 0.65 + 0.44 mSv,
0.50 mSv L i =iz, 7 R O&F5 13 0.14 mSy, b > OFHIX Y 055mSy TH Y | 1F
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FETORRBIZBWT, harOFRENEB L, 72, & L~UL HBR Hifif & {1~ HBR #
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ERHM S, BT Lo T,
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£ THY BYENAL LN TH Th -T2, R TOWREFITB VT DT+ FE—27 (1461 keV)
I E NN, R RO 7 + FE— 2 i3 SRR o T,
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DiEzERLTc, FRILICHEET 5L, RTORRIZBWTRENDOZER I —~ 03 @\ ME 2358
DTz, EBENICBWT, 0.1uGy/h 75 0.3uGy/h OFiFHZ R~ L, (EENEET 2 EEMX T
HMVETERVEAIARD HILD, ZNHDORERND, BMICE 5 i EERES MR E < 1
FHHTDHHHBFED 1 DL 725 TND 2 EWRIBEND,

o HIB D PEIC AL E T D B5PE RO 1B KR ORI O 3EENOF 60 FZBAEEL, 7 R
b RO v RRERRIR I & X o 7RO Tk % A TR L 72, 60 BiFH 1 #F3IE 25 4 [5]
IWNT&ERDolzfod, 59 HFOFRBICBWTRHERNIE LN, 7 RUREIZOWTIE 59 #fo 4T
DR TIRMEZ B 2 T, Fio, b r REIC- OV TiE 59 B 23 #7230 H T IR A 2 T
Too b U FEREEREIRESIT, PEEM e R L LCRHMiL7e, T Ry, hr U KN bR UF
FREZFEIL o g fiE 13 115Bg/m®, 825bg/m3, 4Ba/m* T o7, T R DV AT X 2 4R E i &
13.0.7mSv 725 12.0 mSv DRI/ L, SFEIE L O i 132 71240 3.1 £ 2.0 mSv 2 Tf 2.9 mSv
Thotz, FEEIZ, br 2 TIX0.2mSy 705 10.1 mSv ORI L, EIfE M O SR 12 E =2
22£25mSv LN 12mSv Tho7z, ZOFENG, e AKX DFERENRETT N LF
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WE TR L DI, & ERE R COFEDIZNTEER SO, A LAY U
75U & % HBR HUsiERROFE (7 F v )IFIRER, AE O PCo 1GY@M I H e ERA P),
R IEEFEORER L TH D (EHFIL. HBR Mt X mE B AR FR i & Fe 423, UT4E, ATHY
RI5YIC X %D HBR HUBi COREOEEMN/H L TRV, AN ERLTHEHBESATWS
UNSCEAR #53 T % man-made HBR #iifik & DA FRZ HNWTWD Z & 7vh, 22 TH HBR Hitlik &
MESFNZT D), 7 F v s R OFH A Tk 2007 4212 1956 —2002 4F- D 753 A B O FHAT RS B3
ANFSHL, BiEHT 0 QBB Y A 7 1% 1.0/Gy (95% CI1=0.3, 1.9) Tdh 7= 9, = OFi#d Tldf &
#Fi (2 Techa River Dosimetry System (TRDS)-2000 23 V™ &4, AT k1323 AP EEGH A 23 rTRE 72
F VT ERY FTTANMIBEEINT: (A7 7R MIa U TITBTHITBUALOL TR, BB
ST 200 Bbhd), 0%, 2013 4 (KWFFEOH 2 4FE) (T 1950-2007 4FED 7S ASET
ROPFEMERNATEI N O, BEHT- D ORBFIFEXTY 2 713 0.61/Gy (95% CI=0.04, 1.27) T
ST, :®§Jﬁ§®iﬂ“%ﬂﬁfmi7’“: VTR FTF3A N arhy £75ANThol-, i
R 2 2 7 A3 TRDS-2009 23V Hiviz, Z OFMA TH O LM EH 72 ORI U 2 7 1%
2007 FIZARINTENABBFHETHEONTZHT- WX VIRVME L o7, 7ok, 2 OIE % JFIEM
BB DOZN & HRT DR, M, PIRREl, RIZEFEROFMESLETH D,

JRFIEEH T, 2013 4RI 7 TV ADIEEFE OB LOlERRE/AR SN 0, Zhid
7 7 U ARFSF(CEA), 7 7 AEJEAEEDF), 7 L U 7 CO MR ESREE % 1950 Ezp
1994 FFE TIEM L THEIEECROT =X 2T Lo b O Th D, #rEH - OWFIFXEY 2 71X
0.34/Gy (95%Cl=-0.56, 1.38) T > 7=, TAERFZFEE 23 2012 4EICAE Lz A ZRITTIX, 209 5,
TIURABRANTE T T RABIEOEEE DO OVHERENEG EN TV, zéﬁ LWV ARG SR
ZRWTA AT 21T > CTh, MR ERR LR o1,

AW TIETAMIFICE L CHRET 21T o 7o, ERETFIEEFEORMEMRER I IR LT, £
NENOWETHE LN MEDH =V OEEFEXT Y A 7 O EMZ 08O BEA2Z L THEL
=L 2 A, 141Gy (95% CI: -1.1, 3.9) & WO MERE B 2, /e, SCHANE RO I, AAL
a7 L E o THE L7 UNSCEAR #7E#ZE [Cancer epidemiology after low dose-rate
exposure to environmental radiation] THEIH ST\ 5,

&3 ERRFIEFREORMERR (& Tar— M)

WH5E W HIJKET | ERR/IGY 1B B ]
PRE | K
(mGy)
k€ Rocky Flats facility 41 6 7.2 1952-1983 4=
workers [Gilbert et al. 90% CI: <0, 42
1993
K[E Nuclear Power Plant 25.7 26 5.67 1979-1997 4+
workers [Howe et al. 95% ClI: -2.56, 30.4
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2004]*
K[E Rocketdyne workers, 13.5 159 0.6 1948-2008 4
[Boice et al. 2011]* 95% Cl: -5.0, 12.3
YE[E. National Registry for | 24.9 198 1.71 2001 % T
Radiation Workers 90% ClI: 0.06, 4.29
[Muirhead et al. 2009]*
77U A 22.5 60 3.96 1968-2004 4+
French combined cohort 90% ClI: <0, 16.8
[Metz-Flamant et al. 2014]""
H A 12.2 80, including | -1.93 1991-2002 4+
Japanese nuclear workers a CLL death 95% CI: -6.12, 8.6
[Akiba and Mizuno, 2012]>
A weighted sum of ERRs 793 1.4
listed above 95% CI: -1.1, 3.9
IV &%

AR TTIINTNF TN - REIEFRE GO m B R BSTEER Z2 x5 & L TiThi
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T SVAERD 2R — NE TH LAz B & bR < 223 A OFEE Y 72 0 OiaFIFExH ) 2 7 1R
PR COMEME WV ARICE» -7, LrL, Zoadk— FMAETIE, thaREiREOfMmIzE
JE72 & OREHRD U 2 7 fRITIZEB W TG &2 4 U D aTREME NN & 5 TR BB O E 1T 7208, &
EEEIERMIRPIZZ L 2 26D TH Y | AEEEIC X D& 2 52T BRI TIiEn72
WRRBPED N B D, £ 70, UBHHRE & WA RV ERE TIE BDARBBERPRESE LD &
Flo, RATTTEOITHATMOGIMNRKRES RRD Z LICHIEENLETH D,

FREHEEIZBIT 2L ORBEZRFT 57202, 7 Ky - brr b ZOHEEKRIZL D
PR OB IE < . B OBEIC X 2T OfEZITo72, IATH Y TET R -
b b F DB RASTEIEIE 2 260 FRICEBWTHIE L, £ 5610 X 2T < fi & 31
L7z, SbiT, BEABLIIE, BAMEWESAEZAE L, BAERIZ X 28T < O EEZ
i L7z, F£7z. BEIEETH =AMLY ERBER~ v T2 ER L, SNTHRIE < BRE 2 5746 L
Too WNERBIX S 23, DAMRRER, FENRARBICITEZ 52 2 BITEHE TE 51T 8/ &0f)
Wr <7,

P TlE, 7 N b & 2 OBEA R E M Q2SR ER 2 59 ZZE THIEL. W
HHE < MELOIMNBHFIES BREZHE LT, BNOT R0 br v KOO OEEETEORE
X, ZNETEXONTWELLEICE LS, ALY A0 2 28X C & W ATREME A &
D EfEam Lo, Las L, BRiTHuE & st Bk O fifi s ASE T RITITEDRBO b o Tz, 514,
SREHRIE < BREHEEME O AN HE MR, BRI < OFHli 217 5 BENRH D,

PTHUIE Tl T R b r o & Z OB A SR R OZE R &R 2 59 ZR CTHIEL, N
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T4 NARBEDQLE(ZUHEREELN OEENAER
(MEFADIZANTERIEEL-100000 A\ L= D1 EMORER)

L& (1991-95) Karunagappally (1993-97)
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@OFHR IRV ECTZEm Ny 7 7T 2 R Sk (F e 74 U gk JEia sk, =< 7/
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KR L TS TAFFRIL IR EIRIX S ZXRE LI DT, A X HT T/ L7 1Sy TO AT
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HEINTVDEIZEY, £72. IARC15 » EEHT & 1Sv TO [ fLyi O EIFH T U 2 7 OHEEE %
1.9 (90% fZHEX[H: <0, 8.5) & iy LT\ 5 >0 | Rl K[E 0 JfF I1EEH OBRE OfS R A
K INTH, ZOFETIE, 1Sv TO A MLIFE OFIFEH U A 7 OHEEEIX 0.9 (95% (EFE X H: -1.7,
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Health risk associated with exposure to low-dose-rate ionizing
radiation — risk evaluation mainly based on epidemiological studies of
residents in high natural background radiation areas in India and
China

Suminori Akiba™, Shinji Tokonami

“! Department of Epidemiology and Preventive Medicine, Kagoshima University Graduate School of Medical
and Dental Sciences.
“2 Department of Radiation Physics, Institute of Radiation Emergency Medicine, Hirosaki University

Keywords: high background radiation; Karunagappally in Kerala State, India; Yangjiang in Guangdong
Province, China; excess relative risk per dose; solid cancer; circulatory diseases

Abstract

The purpose of this three year project (from 2012 to 2014) is to examine whether the magnitude of
health effects associated with external exposure to low-dose-rate radiation is different from those related to
medium-high dose-rate exposure. In the fiscal year 2012, we confirmed the absence of excess cancer risk
in relation to external exposure to high background natural radiation among residents in Karunagappally in
Kerala State, India and Yangjiang in Guangdong Province, India. In addition, this study has shown that the
Indian estimate of excess relative risk per gray of cancer excluding leukemia is significantly lower
(P=0.011) than that of solid cancer among atomic-bomb survivors in Hiroshima and Nagasaki. In fiscal
year 2013, similar analyses of non-cancer diseases were conducted. Cumulative radiation dose was not
related to the mortality of non-cancer disease mortality. Cause-specific analysis was focused on circulatory
diseases, which are the topic of interest. Cumulative radiation dose was not related to the mortality of
circulatory diseases, including heart diseases and stroke. It is necessary to examine the internal exposure of
respiratory organs and internal exposure from ingestion. It is also necessary to evaluate uncertainties
involved in estimating doses from external exposure, and evaluate medical exposure. Shinji Tokonami, the
co-investigator of this project started those surveys involved in dosimetry. In the final year of this project,
over-all evaluations of results were conducted.
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FT&) ,SU Xu (National Institute for Radiological Protection, Chinese Center for Disease Control
and Prevention T &)

I WFEERY

B BIE<HENRFR U TS, BESRNRR D L REEEIIRR 5 TREMER & 5, in vitro OB
WEBRTIT, BRENT D OAYRENL, KR - (SBRERDIZ O BNERE - SERL DI
AIREMEA RS NLTVD Y, B N TIE AR UIAE DAL TV RV, LR « KR O FUSBBE T &
PRERTOWIAL Th o7, BRWBEROBURHRIKIE S O FRE CEELR O, & RS
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PR - Techa JI13iEIK - B O 2791 |k 60 TYHYL S L= 8k &2 Ve BV 7e & O FE RSO J11E
EE NGB E LEFAETHD, ZOFTHA » RO AR E RO 28— &R, 2
IRRBOEBRNF LN TS Z & MEDRIGEERBIZONWTHEINTWD Z & AIEEER
BONTNDZ ERENE, FHCEETHY D, IFE, EEMRERZ2ED>ob 5, FLHF%
BRI & AR R R IRE RNE, (A (REFESR A R - REOBSEE & LR TiT-> T
X 72 AR BRI OFE R OEFRECH AL TE L, ZRETORFREBRICLD L, mAR
TR IR R T AR OMTIRIE IC L 23 ) A7 0T/ <, RIZh-> THhEfiE
BTOWIE LY, HEYTV OV RT B0 VIRWAEEREV, LL, 26 ORETH
HPIE < BREOEENRLFHIE T2 b DL IEE 2 R olz, THOAEHELS, A K-
[E D H AR R CONEHIXITFAEBE CTX B LB 2508, ZOREMHERT H M4
Db, THIT, BFHIETIIAR Y FAR Y bBRIEL T, BED WG & IRWGE A 4
WCADFA TS, SMBIIE LS % X0 5EICREM T 2 - OIS ERIRER ~ v 7 OVER DS L E
Th D,

HI : RIFZE0 BIIE, WEHEIE < ORBMERE DO RHEEELZBE L9 2 T, [KEEF
TRFHROINERIIE I K DREFE IR U A7 3R - @R L B B0 (EORRER2 D))
EAONITHZETHD, OGRS L LT, KM WEgkiE<
MEFMEAZIT) Z 2L LTS, AFEORMEIL, @EE —RREOHER T, TITERER
DRI 22T T2 /RN & 2 BMAEERECHERORFELE 2 2 L THLERETH D,

o WroEsiE
1) MBI < BREREE (F K- 7T FIN)

SIS THHRIREGNL, A2 R 7 FMBNFHRYVHEND 12 30 F x4 OETh
MET 2 Lo ICEITV— MEFE L, ETV— AL NBEIE L MEOFM 21T > 72, A
BEOET/V— b2 LIRS, AT, R L ~L & B RO B D /S F ¢ A & LT, Oachira,
Thevalakkara, Thodiyoor, Thazhava., ' L )L H K St o X F v 4 & L T
Thekkumbhagam. Karunagappally. K.S.Puram. Clappana. & L~V H AR R g D <0 F
A & LT Chavara, Neendakara, Panmana, Alappad |23\ CHEhi L7z, MEIZiF, 3 4/ F x 3
A2 F Nal(T)o > FL— a2~y hr 2—4% (EMF-211, EMF Japan Co.) % /vy, I
EaZ HEH L CEIT LA D 30 IR TR A TS Lz, T ORIERIZIX GPS b T
BY ., BN —~ BRI TERFHCHER- S ORE - FRE SIS 2FERAETH L, 2B, H
SRERBEHICAFIET D y MO = RV X —#PH CIIZER N —~ LRI B &l & A7 d 2
EWTED,
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9°00" 9°00'

76°30' 76°36'
177 ZINBNT T3 KRNI ER T 5 AEFTV— F

ZOFEIZL > THOLNDFHERITHNTOM TH 2720, BIRIZ LD v BROBERGN R 2 7

THNENRD L, SRIOFHETIE, ENGFHEED D BTG EIEICRE T 2720 530 #ilX
WD 34 7 FTICBWT, BRSNTOZENZEN 2 RIORIEZIT->72, S HIZ, 30 BREIOHIE T/
LNDH o~ AT T =T 4 T U TH L7285 —~ RO IR 72, 15
BN N DR —~ F~DOWFARI RO T, BBRBOREHIZIT VT30 HiXA
D 35 rETOHEINTIBNT 5 ~ 15 SRIOREZIT - 7o, WERFIIR T v b —_ g X —%
(PDR-111, BNiT7 a1 AT 4 IVERGSHE) I X2 EPEASBIZ L CRE LT, 2B, BIC
B D ¢ BEE SR OB TR B HEmNS 1m OF SICBWTER Lz, AFETELN
7=y B E AL, 224T x 22 (T DISEATINEIC Lo TER I —~REEH L1-, BT —A
W2 K DLER D —~FROFHMIL, 30 B OFHHNC X - TH L= GHECRIC RIS & Eita k2 5
CDHFIZ & - TEHIE L 7=,

Fiz, BHIT y BRIEE AR VT K, 2P0 RSO PTh RAD 72K —~ I 5 %
HREFM U, ARFZETIE, BT L - THR SN REREO 2217 x 22 T OISET511E%
AWTERESNEZITO, JIETH LI y BRI E S a2 Ay RO R LF— - B RS B
JZER L T D, FHlictSR & 722 y Mo L X —HiPHIZ 0 5 32 MeV Th D, BHIERFICHFE
T2 vy BOT I F—DRKEIL PPTI D 261 MeV TH L=, ZOHFFATE > TRHINSD y
BMOTFAF =T R THBES NS, K, 22U RHIK P Th RANDZER T —~ RITHT D %555
1T, FRFN 146 MeV (UK ZDH D), 1.76 MeV & 2.20 MeV (PBU 2510 2Bi » y #1) KOt
2.61 MeV (*Th ZHID PTI Dy ) Oy FUCE D7+ FE—27 phalfli L7z, 7238 2 OFHEF
HEIE, EROVR AR O RME ONERE R E LT, K, 22U R8O 22 Th R8O fid
BRI IO LTV D ERESH TS, S5HI2, 2U ZHIEK 2 Th R+
FICBW TR AR REICH D L LTEXZ LN TV,

IRE, ARFHAEIL AL 25 459 A 23 A5 27 B/ THEHE L7223, EfT—_A HORFET 4
THRTH Y . FEMICERNOREITZ T TV,
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2) WX BREREE (1> K- 7 Z FIN)

WNEHEIE IR ABRIZ L2 b0 LROBRICE 2 b0 H 5, MAEBEIL, 7 kv - bry
@%l\ﬁﬂ%ﬁkbfﬁ%ﬁ%@ﬁﬁﬁigﬁglkLT%Z%M%

BRI X 2 NEHEL 2R 272012, 4> K« 77 FM T, 260 FFOFRICT K -
boa R RI E AR A R E L 7%/&Ukm/@f%mmbtoﬁ§%éi EPR R DR T
¥ (Chavara, Neendakara, Panmana % 0" Alappad) 7> 183 =, IK#R &R D> F ¥ 1 (Oachira
J2Of Thevalakkara) 75 77 FEEPIRE ST 5, HESHT, R ESBRE L, fEilksh
7 Raduet (Radosys Ltd., /> TV —) AL, 612, he U ilEZ/RTH2RNHEEIES A LD
EMEIZRHET 5728, ba o THRERERENERZRE L, ZOHERD . Ak OHER & [F
BRIZ, HFEE R LI b0 THD, ZNHORERIL. FENTRER., MNTATEBIE N K
FHRE B G AIIEATI IR S H, [AFTICB W TR ERHE 72 Sz,

T2, TRy - hrUVOBEBETHL VTV - b U T AORKFH CA ORI, R84 5
AL THETE D ZERA 3 Z—JfitfdEE (WA — KA X7 % —) ZHWTIFRTHE
i L 7=,

OEEUC X 289X < 7l 2 72012, FUNA O BFREB L ORLREZ AT L, &%
AEHE, BRI RUC X VRIS v, B E I L0 RS R S IR S i b DO Th .
REREE U8 DWTASHIEE LT 40 BERE L=k, @bl L~ = ZEE R 2
TR ART ba A R BRI VBT O Z RN T AEREEENE LT,

FRRICHOKIC X DR OHEEUC & 6722 ) WEIRIE < BB DTN 24T © 720, K L1 B 2R
FiHuisk (Oachira & O Thevalakkara) K OV&E L ~L & HARBUN BRI (Chavara K OF Panmana) @
% A FEDDENETNEEIKE 250 mLEAK L7z, 8K LT-BBHKIZEALICRIBIR D . §El
#H£AZ FoE=% (RAD7, Durridge 1, US.A) # W\ TART Y U FR%RITKFNLIRELTZT R
ZRE LT, AFHAETHVZ RADT [ZHANIC “°Ra BEHERIE TRIESH TW AR v FL—
3 AU H L DOHIRIBRIZ L 5T 0.68 DREEHAHFTND, LT, WEICL-THD
NT2T R UREIZERKD D ORFHREIC & & 72 5 BRMIEZ L, 0.68 Thd 2 & THRAKRFOKH
T RUREE Lz, 72, TFEBRIC K > ThR/AMEE T RURE (MDC) ZRHiL7z& 2 A, K
KT RPN 20 Bg/mPFRE £ TIX 25 Bg/L FRE TH o7, KT T FUE Qw (Ba/m®) 725
BAKIZ & B 725 NI < #RE Dw (mSv) 12 (1) XhoRkediz,

Dw=Kw * W+ Qw (1)

Z T, KwiIfH L SE O ERERER TH Y . 3.5 x 10° mSv/iBg, W i 1 £ D /KB E:

(m¥y) Ths, ARETIZ. 1 HIC1L DK% 365 H (365 Lly =0.365 m*ly) #kte & iiE L7,

3) MK ORI < BREFHI O A (PE - RHE - L)

F7o. MR HIX, 2012 4F 12 A KON 2014 45 1 HICHE - LR - BT 26 L7z, [A)
I, A > R« 77 M & RERCE AR RIRICR 95, KA T, BERO 1LEEKD
BRI D 3EEMNSFH 0 FREABETEL, 7 Ko, har kN ho o REREREREZ /Sy > 7RO
FEEROCEHME Lz, I L-HESRL. A R - 77 7MCBT2RETHEHA L b0 L [F
HThsb, iz, BNIAOERBERONEZ 4 FHE D 8 FEAZB|E L TV, LEKEIZB
TRANVEMBEROBIT —_ A 21T o7, EMBEBOMEIZ, CI(TH > FL—ra s P—
A A—4% (PDR-101 X O'PDR-111, A .7 v H AT ¢ AR SH) 2 iz,

51



T RIS A
1) EATY—_A T L DM < BREOFEAM

FNF H XY KA D 34 HFTIZIBVTHEM L7 AN OFHEEEO L 147 Th o7, ZOfE
FEEHROFHARNTH o7, SHIT, 35 7 ANZBITDMER B LY | FHERN D 2RI —~FA~D
HABLRER0T 0.00244 (nGy/lhicpm) & FHi S AL7z, L7zh3-> T, HNTH LI 30 B Ok fE %
Nn& T 25E, BAOHERND LmOEIIZEBITHERANT —~F Ky (nGy/h) 1% (2) iz X
TROBILD,

Kout = 2Nj, (cpm) x 1.47 x 0.00244 (nGy/h/cpm) (2)

Z 2T, NplZ 30 IS 72 VIO NTFEIETH D . 1 574720 OFHEE (cpm) (ZHAR T
LT Ny 725 L7,

B 2 1ZH N F X AITBIT DRI —~ R e fEeX TrRd, FHCm LSO F v A Tz
RH—<BONTYINREPoT, UL @b~ IO F A TIERATHIT &0 HU A7
fEL, EORER., BRI —~EBOHHANE—TIER W EERBLTWD, X3 F 7N
X DZERH —~ FOEERK 27T, FEMREIE AT A KFH % L 7= Generic Mapping Tools
(GMT) I &k > TR L7z, GMT Tl i/ Mb 7T L3 X L% B LT i iEE2 VT
EEOMEIZEZ b7 —% (FEHE) HOFEMBO 7Y v FEOTF—% (RIEMHE) (224 H
LTW5S, RI3NnbHbHbond Ko, HEIEWZER A —~ RITMERWITHMmM LT, 295
A —~ RO NEIL Chavara /X F ¥ A N THIHI S, ZDfEIX 21 pGyh Tho7o, iz,
Neendakara /3> F ¥ A NIZEBWTH 1.9 pGyh OZE5h —~HKpBllan-, wind, €+

A FEBATWD EBbN o LTl ST,

2500 T T 1 1 1 1 1 1 T 1 1

2000 ° -

1500

T
o

1000 F
8

" ;E%—%—% _g_i%_%%%

ZZRN—<E (nGy/h)

peddew
eseneyd
euedde|)
AjleddeS8eunuey|
weind sy
eiedepuddN
eJyoeQ
euewued
eneyzey|
wedeyquinypay L
el e|eAsy L
400A1p0q_|_

INUTF oA

2 KT v A DREKI—~ =R
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76°30' 76°36'

9906’ 9°06'

9000' 9°00'

76°30' 76°36'

< Ty

0 0.1 0.2 03 04 0.5
Air kerma rate (uGy/h)

3 HNT AR MK DZER T —~ R OFEHRIX

4 BOFE LIZZERh —= kT2 UK, U RS, HTh RSI0%F GRERT, 2RI —~
RIZT 5 PPTh BRI D HRIN52%70 5 79% & i b K & 7o 12, BRI 2850 —~ 3 0.34 pGy/h
VLEDBEIERA YV MZRET D L. TOFEERIZITONE KEL, BRN—~RICEFLHT HEEH L

LT B2Th RAINEETH S & Rme S,

100 —I I-— e === ‘ B
B u-238
0 g 80 B 1h-232
I 60
§
R o
hR’Jﬁ 40
BH +
4K 20
0

4 7RI —~RIKT 5 K, PBU KA, BTh Z5|DF 5% (AL: Alappad, CH: Chavara, NE:
Neendakara, OA: Oachira. PA: Panmana. TH: Thevalakkara).
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F1 BRI~ RIHT D K, PPU RS PPTh RAoFHExR
” ) 2R — < RITKT B
RSP L HHE (%) FH
(0) (0) 40K 238U 232Th
9.0369  76.5087 1 25 74 T
Alappad 9.0524 76.5068 10 24 66 T+
9.1352  76.4639 31 17 52 fae:
8.9696  76.5361 1 22 78 fae:
8.9704  76.5450 0 22 77 +4E
8.9877 76.5616 10 26 64 +4E
Chavara 8.9848  76.5527 3 30 67 B
8.9889  76.5314 1 21 78 +4E
8.9698  76.5294 3 25 72 +4E
8.9928  76.5242 2 26 72 w
8.9680  76.5316 4 25 71 +4E
8.9634  76.5317 2 30 68 T
8.9557  76.5328 2 28 70 W
Neendakara
8.9557  76.5328 2 26 72 W
8.9534  76.5418 1 21 77 )
8.9420  76.5360 1 22 77 W
9.1352  76.5281 6 27 67 fae:
9.1329  76.5338 8 26 66 T
Oachira 9.1167  76.5293 4 25 71 T4
9.1170  76.5180 2 25 73 +4E
9.1351  76.5088 1 22 77 T4
9.0309  76.5501 2 24 74 T4
9.0019  76.5429 1 20 79 +4E
9.0041  76.5365 3 26 70 +4E
Panmana .
9.0008  76.5254 3 27 70 R
9.0162 76.5340 4 23 73 T
9.0250  76.5378 0 23 77 T
9.0177  76.5617 6 24 70 T
9.0135 76.5881 4 24 73 T
Thevalakkara 9.0106  76.5934 4 25 72 1
9.0061  76.5909 1 23 76 T
8.9920 76.5746 4 24 72 T

F 2K N TF v A OEMEDREELZ TS, 22T, iMEFREZEMICT 5720, 2250 —
~ D IR B~ OBRAR A 0.7 (SVIGY) . 1 4FE[H % 8760 IRFfi] (24 IRFfi] x 365 H) & L CTE4
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D2ERN —<ROH TR Uiz, EREDREORKMEIL Chavara /X F v THh Y, TOMHEIX
13.0mSvly Th -7, F7-. FHMETIX Neendakara /3> F ¥ A A bE <. 23mSvly Tho 7=,
Alappad /3> F ¥ A & BRI HAUL 1.9 mSvly & v A8 U X O Clri@E o7z,

K2 FARACTF XA DEREDREOE L
TEME S ROKME RME PRE

ST A [ (mSvly) (mSvly) (mSvly) (mSvly) R~V
Alappad 136 1.9 5.1 0.4 1.9 B LUL
Chavara 214 1.2 13.0 0.5 0.9 [=REeaYi%
Clappana 50 0.8 1.1 0.6 0.8 L
Karunagappally 112 0.9 1.6 0.5 0.9 HL~r
K. S. Puram 74 0.8 11 0.5 0.9 H L~
Neendakara 125 2.3 12.0 0.6 15 AU
Oachira 115 0.6 15 0.2 0.5 KL~
Panmana 273 1.1 2.9 0.6 1.0 = Lr
Thazhava 138 0.6 0.8 0.5 0.6 K~
Thekkumbhagam 112 1.1 4.3 0.4 0.9 L
Thevalakkara 215 0.7 1.0 0.5 0.7 KL~
Thodiyoor 109 0.7 0.9 0.5 0.7 KL~

2) PNERHIE < BREREAT

260 HFOFRICBWTHELNZT Ry bRy KOS e TR OB 54 % X 5, 6 &
O TITRT, 7 RUREIL, 260 #FH 76 #1035 NIRRT CTH v . i FIREZ 8 2 72D K
3T 10 Bg/M LA T Thh o7z, £72, b L BEEIC-OUWTIL 260 £ 246 #1725 H T ERAE 28
Z BN G ST, ORI, 10-20 Ba/m* O#iPH TH R R R Z 7R LTV 5 B 0o, 100 Bg/m®
R DFEEN 10 BREEAFIE Lz, b o o FREZFRIR B I P i b R & U TR L7,
WU PRSI 23 72 S 7= D% 260 B 191 $F T, F DYEEE 0.5-3.0 Ba/m A KE & D 5,
Ry bR e s RERERE OFEI R T EE R 3ITFE L DT,

60

40+

204

1] L S I T —F—1
1] 4 8 12 16 20 24 28 32 36 40 44
SKUBRE (Ba/m”)

5 EBNT RUREEICEET 2854
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60

404

M

20+

0 —’_!_l—!_’m ; —

| i :
0 20 40 60 80 100 120 140 160 180 200 220
FOVRE (Ba/m®)

6 BN b REEICE T A A

60+

40

L334

204

04— — e I N Y Y s
0 1 2 3 4 5 6 7 8
bOLFRAIERE (Ba/m®)

7 B b v TR R B D S A

#3 7 Ny, bur RO b FRERRREOSHTE GR5R % : 260 #F)

i FE (NAY)  EE Bg/m)  thikfi Bg/m®)  #FE (Bg/m)

7 Ky 184 (76) 6+5 4 1-43

=% 246 (14) 38 +32 27 3-212
ka2 RREL A 191 (69) 1.95 + 1.44 1.44 0.36-8.00

PNA: B T BRE AR 8 2\ R A

ARFETHONEZT RURER O b a o FHRERIREZ AN T, 7 RV RO R OB AL L
2N HEIE < MR A BN L 72, AEEMIIE. UNSCEAR HiEEICKo7-, T70b b, RNEERT
Z4E[H 7000 FERE] & U BRECBGREUE, 7 R ROV h v HRREEREICBE LT 2 h 9 nSv/(Bg
m3h), 40nSV/(Bqm>h) ZMEA L7, 723, T RO HARD b 1w 2D < B ~D%
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BITEHCE 5L L, 7 RUTHRERIEREIL. 7 RUREEICEEY 727 4% 04 2 CCEE, 7
RURO R a o OWAIZ K2R < il (ERhRE) OS2 8 1T~ d, #iiix0.13
mSv 7> 5 2.60 mSv D204 L, FEMEKX O HfEIE, £ £ 0.65 + 0.44 mSv, 0.50 mSv & &
&7, 7 RrOHF5IEFEE 0.14mSv, FrrOFEITEE 055mSy ThH Y | 1IFIELTOER
IZBWT, hrrOFRENEB LTz, £z, SftEsRk & KRR 2 i35 &, Ak
0.61+0.39 mSv (0.18-1.98 mSv), #% & 1% 0.74+0.52mSv (0.13-2.60 mSv) EiFlisiL (£ 4), W
DINREITFRO bR o T,

60 -

50 -

40

0 —
00 04 08 1.2 1.6 20 24 28
SEURUROYORAIZEDAEHIEERE (mSv/y)

8 T RVERW kDWW AT X D ERHRE OS5

Fd4 T RUOKOPu OB A I DNEIE S OFEDRE (RFEEH . 260 #F)

Hirdek ZE (NAY  CFME (mSvly)  HR{E (mSvly) &P (mSvly)
4 Hitde 191 (69) 0.65 + 0.44 0.50 0.13-2.60
TR 2 129 (54) 0.61+0.39 0.49 0.18-1.98
ARG 2 8 Hitdn 62 (15) 0.74 +0.52 0.64 0.13-2.60

UNA: T IR & 2 W I3 R Af 9

HOKHR DT B URE RO OR BRI & b 72 5 WX < R EOFiA# K 5 127, KL~
JiE B AR s DK T B IREEITIE L A ED /MR T KR (25 Bo/ll) KT o
Too FTo. B LUV E HRIREHR MR T D Panmana /X F ¥ A DK T R PR ITCTIE ND 2
5 11.0Bg/L Th o7z, —J, Chavara /X F ¥ A TIHMHITEW 3 FENOEAK LIZAKF T R
FE I3/ MR T RURERG CTh o722, WD 1 ZREHEK LTKT T KRR EE 10.3 Bg/l
Thole, TNHLORELY 1 HIZL LOKEZ 1AM (365 A) #ROEE Lz & Lica D IR
FREIT 4 pSv 20D 14 uSv FEEE Th D LRl S 7=,
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K5 HOKFTDT AR R OZ OWNEHIE < BrE

gy p KT R SR
(Ba/L) (uSvly)

P-1 11.0+£1.0 14
Panmana P-2 105+13 13
(FmL~L)  P-3 ND —
P-4 9.3+0.7 12
T-1 ND —
Thevalakkara T-2 ND —
(ELr-~r)  T-3 ND —
T-4 ND —
C-1 ND —
Chavara C-2 103+1.2 13
(FmL~L)  C-3 ND —
C-4 ND —
0O-1 ND —
Oachira 0-2 ND —
(ELr-~vr)  0-3 2.9+0.6 4
O-4 ND —

ND: f/MaEH T RURELLT

X9, 3HDOFRICBWTHLNZY T v U T AOKRK I HETRERE ORI 2 T,
U T UACOWTIE, 2FRT25-10 pm (FRD) ORIFRELEENR TV, £z, bY T A
WL, 3FET25-10um (PR ORI AL FEN TV,

02 - IS 05 Ly ¥
. 3=
T 04 ] I3
. - ) RE I
e
-~ . 7
g 0.3 7
ﬁ 0.1+ v
g_ 0.2
# ]
o 01
: iy
0.0 | J’% - 0.0 .- i :
E#ﬂﬁ ik =P*i1 i Lok E TR iE TR o (TR -:E

MR DRI E
9 R ERZ AR BE DRI 53 A
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BHERBHI WL, Bl H#FIC LV ERESXoRFHE L BD) 23 T rE AT L,
B DR EE SRR LU T O5G . BHRFUYED 12 OIRE THIMEEEN G £ TN D &)
EL TSRO 1 AERE L 10 1271, 280 RF15eE L OV P Th RF15c#EO 1 HEREIE 1.5 Ba/d
725 20.5 Bg/d, 2.5 Bg/kg 7> 31.2 Bo/kg OFEPHOMEZ 7~ L, BIME72 B ITRE O v o 1=,
BB O REA R 6 17T, BRICOWT S AR AL R oz,

1.0
LBRA HBRA
0.8 - ‘
= Ra-226
5 0.6 1 Ra-228 ]
M B
~— iy
I8 0.4
sy
i
0.2 -
0.0
RS
10 %PU K OVTh RAIERED — B IR
6 BB B RER
226R 228R 40K
4 Hirt : ¢
(Bg/kg)-ash (Bg/kg)-ash (Ba/kg)-ash
Oachira 14+01 6.7+0.3 532.3+2.8
*hAE
Chavara 9.1+0.9 213+138 7214.3+£27.3
Oachira 3.1+0.3 16.3+0.8 13476+9.4
V=i
Chavara 70+14 269+21 4888.7 £ 27.1
Oachira 53+14 26.2+25 9191.9+37.6
azfyY
Alappad 45+0.1 21.8+04 722.2£3.6
e Alappad 13.3+0.6 441+£1.2 1590.7 £10.3
- Chavara 3.4£0.2 15605 2741%32
Oachira 14610 304+15 3893.4+18.8
roLVy
Neendakara 34+0.2 15.8+0.5 765.9+4.7
Thevalakkara 19.3+0.9 80.9+2.0 6606.1 + 23.2
INT T

Alappad 46+1.0 29.6+25 7043.3+33.1

59



77T TIESAER S L IERBRERIZ 3 4 > F Nal(Thy > FL—va v AT ha A—H 54T
15 5D y BOBPE 2 Fhi LTz, BERO Ny 7 7T 7 REFEWIZD, Ny 7 7T 7 RN
(5.4 nGy/h) My ECilAZI M L-, WBREIZ 295505 60 E TOIULLTHY ., BN 44,
LN T4 ThoT-, RTOWREICBNTPOYK D7+ FE—2 (1461 keV) 13 H S 4723,
DOEFERED 7 + b E—Z 3 &S -7z,

3) AN K ORI < FREFEM (FRE - KA - BLT)

SRS O OBIHFRE CHR LN BN DER S —~ ROMBREX 11127, BN, B &
H1Z, 0.1 uGy/h 725 0.54 pGyh OFIPHOEZ R LT-, FRIT LICHEET 5 L, 2 TOFRIZEB W
TRNOZER I —~ R EWEAAR D bz, K12 1213, BADZER T —~ BOEENZEM 5y
fi e, EENICBWT, 0.1 uGy/h 225 0.3 pGy/h OFiPHZ R L, (FmnsmEd 5 i E#X T
& < AME TIRWME RS B s, RIS OJFEMIX & 4VE Z g9 5 & 0.1 uGy/h FRE D=
Mol (K 13), TNHORMRNG, BMIZE EN LD BEEERED ST < \ZF G 5 M
BIRD 1oL R TVWD Z EIRIEEND,

400 4
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Abstract

The purpose of this study is to examine whether magnitude of health effects associated with external
exposure to low-dose-rate radiation is different from those related to medium-high dose-rate exposure. In
collaboration with the principal investigator of this project, we are going to investigate internal and
external exposure to high background natural radiation among residents in Karunagappally in Kerala State,
India and Yangjiang in Guangdong Province, China. In this fiscal year, in Karunagappally, radon thoron
and its progeny concentrations in 260 dwellings and radionuclides in diet samples were measured to
estimate internal exposure. In addition, car-borne survey was conducted to create a gamma-dose-rate
distribution map and to evaluate external exposure. In Yangjiang area, short-term measurements of radon
thoron and its progeny concentrations and gamma dose rate were made in 60 dwellings to evaluate internal
and external exposure.
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