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Health Physics in JAERI. No.23

(April 1, 1980~ March 31, 1981)

Division of Health Physics, Tokai Research Establishment
Safety Sectiomn, Takasaki Radiation Chemistry Research Establishment
Radiation Control Section, and Waste Management and Decontamination Section,

Qarail Research Establishment.

(Received August 13, 1981)

In the annual report No.23 (fiscal 1930} are described the activities
of health physics including radicactive waste management in Tokai Research
Establishment, Takasaki Radiation Chemistry Research Establishment and

Qarai Research Establishment.

In all the three research establishments, radiation monitering in
nuclear facilities, individual monitoring, environmental monitoring and
maintenance of measuring instruments were carried out as in previous

years.

There were ne occupational exposures exceeding the maximum permis-
sible doses and no releases of radioactive gaseous and liquid wastes
beyond the release limits specified according to the regulations.

In the environment there were observed no abnormal radioactivities due
to facilities.

In Tokai and Oarai Research Establishments radicactive waste manage-
ment including decontamination works was also carried out and radicactive
solid wastes were stored in the same way as in previoqs vears, exceptthat
in Tokai Research Establishment, the Packaged Waste Storage Facility
started storing packaged wastes and in Oarai Research Establishment, the
Radioactive Waste Treatment Facility (the Latter Project) started

routine operation.
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~ Construction of the Facility of Radiation Standards and the Medium-

Level Waste Treatment Facility was completed in Tokai Research Establishment.

Technology development and research:

Technology developments were made as in previous years for improving
the techniques and methods in monitoring of individuals, facilities and
environment and also in waste management and decontamination.

The following works were made in the researches of radiation dosimetry,

body radioactivity and airborne radioactivity.

For radiation dosimetry, studies were made on energy response of ceramic
BeQ detectors for fast neutrons, derivation of a scaling rule of the energy-
dependence of the total charge-transfer cross section using UDWA method,
benchmarked test of the gamma-ray skyshine at JPDR to verify accuracy of the
code system BCG, energy response of an NaI(7l) scintillation detector covered
with a protective film for tritium gas monitoring, and theoretical analysis
of the occupational exposure involving dose limits with computational

program codes.

For body radiocactivity, studies were made on enhancement of the
excretion of tritium by excessive water intake for persons inhaling tritiated
water vapor, materials suitable for a phantom used in the calibration of

Pu-lung monitor and culture of EDTA-treated lymphocytes.

For airbone radioactivity, experimental studies were made on the
interaction between iodine and botany-burntaerosol particles in the series of
studies to reveal behavior of radioiodine released into the environment,
and some adsorbents were investigated for selective collectior of radio-
iodine in high concentrations of atmosphere as in the case of reactor
accidents.

Keywords: Health Physics, Radiation Monitoring, Waste Management,
Waste Treatment, Radiation Dosimetry, External Exposure, Intermal

Exposure, Environmental Monitoring, Radiation Protection
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March 31, 1981
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| Radiation Control Section I (13)
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—_ Radiation Control Section III (19)

— Bioassay Section (9)

| Radiation Dosimetry Section (18)

Waste Disposal and Decontamination
Section I (20}

Waste Disposal and Decontamination
Section 11 (11)

Division of Administrative Services, Takasaki
Radiation Chemistry Research Establishment

Safety Section (4)

Division of Administrative Services, Oarai
Research Establishment

i Radiation Control Section (20)

Waste Management and Decontamination
Section (27)
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4,820 » X 20 #

2,850 » X 20 7

20407 X 1%
480 » K1 #
150 # X 5
00 % 5
20 » X127

w1 L1235 » x38

*1

38 Mzt 1,350 Ci

ALLEBE A —REBAR

80Cqo 400,000 Ci

180,000 Ci

2.330Ci x 44 {H

1,65C » <20 #
380 » X2T#
240 » X770 ~

| 220 » x80~

R1 [metE o s hE | °Co  8000Ci | ( **Co 1,180Ci ) Bl e S E
e wowmaE Cs 4800Ci | ('Y Cs 3,360C1 ) B A E
a0 b 1 AT 89 Co 10Ci ! (%Co 10Ci} Tl AT E
RI/MRIFEHWEZE PCo it 200Ci ®Co 70Ci
B Cs 90 G
8 o #E 200Ci 0Co 4.8 nlCi
80 Co 1.2 mCi
9Co 1.1 mCi
26Ra 2 mCi
R1 I “¥ihERtd By 1,000Ci | ( ¥*Kr 510Ci) RE
IR E g 120 Ci g 180
59 Co #:B200Ci 13 Cs 300 #Ci
AR (4 F )_ 63 Ni 15 mCi Ni  15mCi
HRYIa=z k77 TE
Bk ( 1F ) S Kr #RiEREk

2R ART R IE

8 Kr 30 mCi

SRTRACHEA
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MamREEEETOEH L VEE

i % & ¥R BB L OEGE =54 i &
. 2y 2707 e 70 BILES '
1S 1
9MeV, 30mA
0 EHEE = I/ = B NIy A1V N U B 1P 8 .
3MeV, 25mA
F BE AN AKX BRA%E o
35 nEE 1 FbE A A
200KVP  1000mA
WHEHE ESRE Y daFktiEE S0KVP  50mA 1 ”
X gaOlF%EE S0KVP 50mA 1 ”
RIEX S X @ialdrisE S50KVP  50mA 1 ,,
X golfrsE@E  60KVP  100mA 1 ”

Table B.13—2

g ) sy FEA T A EE

MER O A TIGHE & A REKAE

( SREFFLRR, 1980 45 )
o o | & K M
A (#R/h) { nR/h )
1380. 4 6.2 8.4
5 6.2 9.0
6 6.0 8.3
7 6.0 9.0
8 6.0 9.0
9 6.0 8.0
10 6.0 6.8
11 6.1 8.2
12 6.0 75
1581. 1 6.1 7.0
2 6.2 94
3 6.0 95
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TableC.1.2—3 WA EEE O EE B EE & D&
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- w B| 60xIpT 4.1x107° 6.8%x1072
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‘H 1.0x10% 7.1 7.1%x1072

C-1.3 HMHEMRENORERER
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a A L L FT K 0
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Table C.2.2-3 BWEFOLAWKRBREITOHES

| (KHHAT, 1980 2 )

ﬁﬁ% H B B OB OB B 9 A (A T oM oM R OR

BB o[BS | [ g0 | 130D [ 400D | ya00 o) B QR

g <7 400 <1300 {mrem) | {mrem)
1967 | 140 | 126 11 2 1 0 12 550
1968 | 192 | 175 .| 8 6 3 0 16 580
1969 | 224 | 197 23 3 1 0 1 590
1970 | 244 | 185 52 5 1 | 27 1640
1971 | 247 | 152 82 13 0 0 29 290
1972 | 255 | 180 59 14 2 0 26 470
1973 | 258 | 215 34 8 1 0 14 490
1974 | 256 | 223 28 5 0 0 10 290
1975 | 268 | 210 19 9 0 0 17 280
1976 | 266 | 210 48 7 i 0 15 470
1977 | 260 | 225 27 7 1 0 1 400
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2, 792 DitaWic o0 TRBICHEOFE R0, LALLThos 5 2RXSiKEnTh,
RN OB A EELIEAE RS 5T X 2 RBOBIIICRREROMNENLISNERETH D,
kp, kw, kKyBRRTEZ L8045,

k p=0.48+0.15f,

kw=007+0.41f1

k y=10.004+0.48 £ (7 Fa-—)

21.3 TA—ILTIFITCs DEAREOE(L

HEM RS EO - bic, EAFEIC X - TARDREBELTOBE, AT
G ADEBLEET 4T U MCEET S 13 Cs DRAFLR LV VARRS ZUENSHL. TOD
podh, KB4 GH vy s AROTHET E4IE, BFCASORBEBRERREIC DV TRDT
AP

19 Cs DA R OB EEN A TANL 0T, FEFICAE LERE (BHicEHRENRE
30 ~00A) OBEERL S, KEGIEZIT L2 R HHEDOWAABLNEHE LIZEID
VT, 137Cs A U ADANBAERN I, X510, ZHALDE,ALHELNE N TCsch VA
BOH137Cs (pC/KiglBLTUAY DL BEEEDL Kigl  Weightl{g)bHH L7, 1976
R~ 1980 EEICOWCO I D #EATEE L fE% Table 2.1. 3 — 1 iCRT (18 75EEN
OIS TH, SEEOREYE L LEEHCBRL THE) . # ) T LBICDNTHE 130
g HIBTHED, AU VLB /FERH0002EEESEL TS, 74— 4T Y MTRETCs
DIKNBOE AFie 2. 1.3 — 11TRT, 7 CsDENEE, REREROEZLL D 701061
e 1962 LN 3~ 4 HED 1965 FICRRICH - TV A, ThUBREIBILL, TIRE
DRITEIC R LTI, BUER (8050 Cl) UTORREDEMEML TS, Licd-7, C
A5OHRIC N TIERHERESB A O DO TERYE L, (RF 5L

Table 2,1,3-1 Average values of 137¢cs and potassium body burden
for the past 5 years.

Year 137¢s (nCi) K (g 132ii£§ K/ﬁiéﬁht
Jan. '77 1.0 = 135 £ 9 7.1 £ 3.4 0.22 £ 0.02
Feb. '78 0.7 = 127 + 11 5.2 +£ 1.1 0.21 + 0.03
Mar, '79 0.8 = 128 = 9 6.5 + 2,0 0.21 £ 0,02
Mar. '80 0.8 = 137 = 14 5.9 = 1.9 0.22 + 0.07
Feb. '8l 0.8 = 0.3 135 = 13 6.3 £ 2.5 0.21 + 0.02

These values were obtained for about 50 subjects whe were not
contaminated occupationally.
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137¢q body burden (nCi)

Fig. 2.1.3-1
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2 1.5 BZPMFIAILLOBIRFBESE

T O SRR B ORISEICE N T B, Kodak#k Personal Neutron Monitoring
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e kR IT A B L TR NTA 7 ¢ v A OREBMER, - F VEEIC
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TAEE L7 4 v a0 EETHE, 19.581% 25300 HES T s L,

Gy B e LT, NTA7 <0 aORESRIE VDB AE L CRBOBERITHA30 % (45
i oBEEHEICEY 0B soRERERY B4 Fig. 2. 1.5 — HIUR Ui, SRl
RAEB YR, iy 2779y F7 o vaDstRIRBERT, Y7 A —F TS 7 v aD
HAIREHTH 5, _ _ o

ZORMS, BAITRINERGEMYES 20mrem & L, ATHBREEE T8 (2 cmERIC
) &L me, W45 DEBLA Y4 Ve, N 2730y FT s 1T0RE
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T T ¥
l Measured fields
Symbol (Fields} of
o irradiated film
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W= A 78 m
- a : 156
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10t

Minimum detectable dose equivalent (mrem)
T

L L [ A ) | ! 1 1 I i
10t 102 103
Measured fields of background in contrel film {Fields)

Fig. 2.1.5-1 Minimum detectable dose equivalent of NTA film
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O. 7 . 5 L 1 L L L . 3 ! | P
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0.5} Effective energy of X rays (keV)
Fig. 2.1.6-1 Energy characteristics of the variocus dosimeters
Tabie 2.1.6-1 Correction factor for the various Sources
Sources F Refined Americi Raw material
Deosimeter Plutonium un Plutonium
Indication of the R R R
R meter dosimeter (A) 8.6 21.2 40
Indication of the R R R
TID () 46.8 177 312
Correction factor 0.18 0.12 0.13
(A) / (B) ) ’ )
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Fig. 2,2.2-1 Schematic diagram of radiation monitoring system using
a minicomputer
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Fig. 2.2.3-1 Change of concrete-water transfer ratio of
tritium with elapsed time

Table 2.2.3-1 Concentration of Tritium in concrete before and after
immersed in water and ratio of tritium remained in
concrete.

Sample No. 1 2 3 4 5

Concentration of 3y
in concrete (A) 3.3x107%  5.8x107%  2.6x107%  4.3x107% 2,6x107%

(uci/gd

Concentration of 3y
remained in concrete | <2.8x10~5 <1.8x10~5 <2.1x107% <2.4x107° <4,4x1073

(B) (uci/g)

Ratio of remained
tritium (B/A) <8.5 <3.1 <8.1 <5.6 <17

(%)
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Fig. 2.2.4-1 YN(E) plots of the B-spectrum of
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Fig. 2.2.4-2 Fermi plots of the B-spectrum of
sampling gas.
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Fig. 2.2.5-1 Basic construction for sampling of air in vessel vent.
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(2 B) RNPRshPhé8s50mn ONKE L, ZmRETSEEESE SR TE—I0s
St b, RBoE SR, ML E S ANT, o ERAC L TR Pod
WL b, - AERERENC TR 2198 0 SR ORIIREL LL L

CEHEE S LTI, MG Omm O 2 7 AR 7 O—LPIEEE bk SRR 60 0mm? | %
TEE 100 xm OFMREER ST RHES, SERMEL LTE, EHELOmm DG MERY
Eh ThrERNEE LT, Nal (T6) 227 b vitligiie &9 4 Ge (Li ) B4

aFNENHEN I,
%E%KH?%dﬁ2&7bwﬁﬁmiaf%$@dﬁmﬁiﬁd,“Wo@&?@éc&ﬁ
HmbtoC@%%K%5§,ﬁ%#%%&Kiﬁf@ﬂbﬁ“%@@ﬁ%%%g%d@Mﬁm

F T ERTANET, RO PhOSHBERDE I EZUAI,

(F B) 2REBHDOOPhOMTEES Table 2.2.7 — 11CRY,
1) A Eng aigBIR2IPoTHY, FOMRMEEER, REHTE - TRIGIES LR
DB YO KL 600T b - 7o $70, FOBENARMEERSAICH SHRHE S0
(9) SEHOBMETI, 219P o DAD e SREKENLS O r RREMBOFERED Shilh -
1o '
3) EEOORLATEIMIC LT, EERNSELTERERET DOPhOERPAETH
50 A ST o f, (5 FIREEL)

BEXH
E O EA Bk H1 8EEI¥KBIIRLCRTARSTREE
“goBARFUREEORIE ", 91 1981

Table 2.2.7-1 Radicactive concentration and
concentration of 210Pb in lead

Radicactive .

- Concentration
Sample concentration
{pCi-g™") (pot)

Lead No.l 2.51 = 10° 3.11 % 1072

Lead No.2 1.33 x 108 1.64 = 100

" Lead No.3 4,28 = 102 5.29 = 10°
Lead No.4 7.69 x 1071 9.51 x 1073
Lead No.5 4,08 x 101 5,04 = 1071
lLead No.6 1.18 x 10! 1.46 = 1071
Lead No.ll 2.49 x 109 3.09 x 1072
Lead No.12 3,19 » 10! 3.94 x 1071

(ppt : 10712)
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GV T i)
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1) ANERFEHE . M|, 16, 61~63 (1981)
9) NHEFEHE R, ME——fR . HEREESEZS A9 (1581
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Fig., 2,3.2-2 Decrease in the maximum reading ot
: exposure rates in various car speeds

the maximum reading of exposure rates in
various car speeds

the maximum exposure rate in stationary
measurement

Ratio =
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Fig. 2.3.2-1 Comparison between exposure rates in the carborne
measurement with various car speeds and in the
stationary measurement.

® denotes a exposure rate in the stationary
measurement. SD means standard deviation.
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Photo. 2.3.3-1 Shield case for TLD UDS8Q4P
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Elapsed time after irradiation {(day)

Fig. 2.3.3-2 Fading characteristics of TLD UD8Q4P
(CaS0y: Tp)
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Fig. 2.4.3-1 Response of a plastic scintillator coated
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Fig. 2.4.3-2 Stability of a plastic scintillation detector
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mEH, MHCOBRHBRICOVWTIE, Fig 253 ~ 2hoHELTH, 14C ez 5x10 4
uCi/méBEETHY, *H,
LIt e A, ERERBEERIC OV TAREECHEREERITLITETH S,

Table 2.5.3-1

to P channel counting rate

14 C P ERFEEEL FOLALE TRETE 52 EHH

GFEE F

Ratio of °H channel (or 14¢ channel) counting rate

3 channel 1%¢ channel P channel Quenching

GAIN 0.5x100 GAIN 0.1x100 GAIN 0.1x100 Level

L.L15 v U.L500 L.L100 ~ U.L500 | L.L800~ U.L1,000 (EXT)
80¢co 1 4.8 1 7N
137¢s 0.8 2.5 1 "
90gy 4.8 2.5 1 "
238y 0.65 3.2 1 n
31 1.2 3.4 1 "
52 1.4 4.1 1 "

Si : mixed 60Co, 13705 and 20sr.

$2 : mixed °Pco, 137Cs, 905y and “C.
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Fig. 2.5.3-1 Pulse height distribution of individual nuclides by liquid
scintillation counting method
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Ki4W$®ﬁ%%ﬁ@H@ﬁkb,@ﬁ%@%bfwét&T%éoLtﬁﬁT,C®§77
N5 OREMEEERH T A DO THARELT, %7 YHOYABMEAR, KIS
B3 i MBRRERE L .
0y HEE

(a) HABRDE (ELo8E 3 JHSKWMOZE;ﬁM—MolmﬁmLtOm)m%
B, AlE%oRE % 1056~110°C T WEEE L L BORES LRI (o) HNEERR
2 EEboEEATESM (FABER) T500°C, 650°C, 800°C BLF1,000 °Cicm
'&(&m%%mlﬁ%)bfibtoﬂﬁ,iﬁ%mﬁ%btzay9ﬂ,ﬁv&W(M6
BEONT) BMOLDTHE,
(2 HREBHEZR
H&ﬁ%ﬁﬁ,Kﬁ%%&@ﬁ%ﬁ%@ﬁi%%%?ﬁﬂe254—1wﬁ¢0cnm;5a
zavy$®waﬁ%E%@2&48%f$b,Kﬁ%%@,@ﬁ?5%@§f%otomﬂﬁ
Zit 500~800°C IKBVTHA0 ZOMBBELN LA, 1000°CTIE45~43 % & 4y HE
Ui, £7, COREICEOTREAR HicnEtotHERIHEsNI,

Pl FoiER LD, A7y Y hONREREE TIRFA0BRETHLLEMLD, FYIHNAT Y
ARG LIREEST 5 LT LD, B ORASTEETELZLELLN D, B8, HIREREITDOL
T, BEABDTH %, (FT B

Table 2.5.4 - 1 Properties of sludge products from

each waste tank.

Low—Level | Suspention matter | Water content Ignition Loss (%)

Tank (g é) (%) 500°C | 650°C | 800°C | 1000°C
295 X 10 75 39 40 41 45
28 x 10 77 ' : 40

No. 6-
25 x 10 75 42
57 % 10 74 49
94 X 10 73 ' 39 40 41 45
25 x 10 76 37

No. 7
23 %x 10 74 40
23 % 10 73 46
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Fig. 2.5.5-2 Distribution of uni-axial compressive strength of

cement packages measured by ultrasonic wave method
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Fig. 2.5.6-1 Compressive strength of spent ion-exchange resin (JRR-3)
solidified with cement for imersion in sea water
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Fig. 2.5.6-2 Compressive strength of spent ion-exchange resin (JRR-4)
solidified with cement for imersion in sea water
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Sample Used Incorporation | Mixing
No. bitumen(B) ratio (B:R) temp. (°C)
O 1 Blown 70:30
@ 2 asphalt 60:40
10 g ® 3 20/30 50:50 170+5
A 4 Stralght 70:30
A 5 asphalt 60:40
A 6 60/80 50:50
1
po’ ‘
/
1071L
%:
o,
]
o
=
=10}
=
.
‘5 10-2
o
Q
~
1073
107"

: I
5 10 50 107 5x102 103 2x103
Leaching period (days)

Fig. 2.5.9-1 Leachability of inactive Co from bitumen-
resin product
(Influence of used bitumen and incorporation
of resin Resin; Cation/Anion = 1/2)
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Specimen for leaching test

Bitumen—-ash product Cement—
Sample No. : : ash
5-1 §-2 5-3 S=4 5-5 S-6 5-7 product
- Straight Straight Straight
Mlxlngszient asphalt asphalt asphalt Pzz;izzd
v 60/ 80 40/60 60/80
Size (mm¢>mmH) Lbxhh | 46x44 | 46xA3 | 45%43 | 45x44 | 45%44 46x43 46%43

87.8 | 91.0 | 92.9 | 91.0 110.0

Weight (g) 87.3 | 93.9 | 87.5
A/BHA | 35.7 | 41.4 | 41.5 | 4l.6 | 42.7 | 44.6 1 44.2 —
Incorpo- -
ration AfC —_— — J— — 0.3
*
ratic
W/AHC | — S _— -— — - 0.7
Total activity. g 15 19,31 |0.16 |0.22 | 0.86 | 0.29 [ 0.49 | 0.36
(Ci) |
Main 60co (0.12 | 0.27 |0.13 [ 0.17 |0.82 | 0.24 | 0.46 0.34
nuclide .
activity _ _ _
(uci) | 237Cs | 0.045 | 0.069 | 0.038 | 0.062 | 0.10 0.058! 0.057 | 0.017

Curing time

(days)

* A ; Incinerator ash, B ; Bitumen, C ; Cement, W ; Water.

104
st
Cement-ash %
- "’j,,
[ 1.0
. /
s ms;,f”‘
&0
o
=
3 0.2
1 E
B -
—
3
10 - Bitumen-ash product
I
5x10™Y4 t
(less than detection limit
1074
[ A 760

5 10 50 100 500 1000
leaching periods (days}

Fig. 2.5.10-1 Comparison of leaching rate of radio-

activity from bitumen-ash product and
cement-ash product (main nuclides
BOCO, 137CS)
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WEFIORBe =7 LHELT, ®EI YR TH—AKFEI v TREKRSBEIH T S EHER
RONfen vy ADZFEL IR, AV ADAY LR T VICEILB T IABRUIN VA < HAFD
EERESEEE L, KBORAMSABICAD, RILBREESETE S LN CLEENFIHBLED
LT LM TE, 27, LEDRRDRyr—JicdBE=s ) v VRENF - v 7 TEE L,
dpm/100cm? B OREERICEDRBETORREES LB A EREGRRELT
B oilb, (mng—
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—No. 20, JAERI —M 7979 , 213 (1979)

Vertical conveyer

Pit

Fig. 2.5.11-1 Sketch of the remodeled laundry clothes monitor
mechanism

C: Clothes, D: Detector, G: Hanger guide,
H: Hanger hook, My , 3: Mono rail, S: Senser
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Detector sensitivty obtained
by moving a 6Cco(0.2 uci)
plane socurce {(10cmx10cm) at
a velocity of 5 em/sec
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S5FL. LOWw [NTFn HLGH Sa¥FLE CHeN. Geévye SCINT.
DENM/1COCH*2 DEV/100CY*2 DEv/100CM*2  (CFM) (DrM) (kv (LiEM)

1980.10. 7+ 14217

1 596
2 &770
3 14742
4 4914
5 3385
€ 1092
7 436
8 10374
3 2/20
10 3166
11 £770
- 12 21403
13 397
14 7&4
15 6661
16 982
17 80299
18 21294
i 19 218
; 20 15834
i 21 1638
|
¥ ™ D
1988 10 07 S1ARL 14117 eeves 18.47 STOF
HIGH LEVEL = 0 1HE HIGHEST = 21403
INTFr«LEVFL = 2
LOW LFUFL = 1y TOTAL CLOTHES = a1

Fig. 2.5.11-3 An example of laundry clothes monitoring
data printed out.
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3.1 Fx A ETEl

3.1.1 @ £

i¢7%?@%ﬁ®%%wﬁwfd,tiivﬁﬁ&O%?@ﬁWﬁ?Kﬁ?éi$w¥—

LRE Y ARERDI, TORERE, Imrad DD+ %’é?fﬁ(%’-ﬂi 0.6 MeV Bt TOIBEICTY
o 0.1 mRBEEICHENL, oItz ary—0HREELICENL, 2MeV EETH
EF 0.3 mRICHE 4B I EMESMITTE o7z,

T4 A4 UBABBREEOFRICEV TR, HRERL Toapk - BEROBEE D ANT,
2= sy kBT EC & D SHBEWER A E L, BonERBHTEREO > & v
E BN AENR SR Ry - Y AT, HERFMCBRICERIIRE LTHC R LN
FIREL 8 =1, '

TERGA v Ay » _yFe— s EBICHEOTR, TN CRERLLHEEORE TR
4 %% %, JPDR OHFEHUHEELFAEL, YEANA v v A YiEEE Nal (TL) L fust Rt las
EHMEAROTED Y, COER, REZEABSENCY v REAHLTNLELEERAA Y
A VEBILESTEVEOT 2 ¥~ 100~ 500keV TH B L B0 -7,

Ny Fo e s OBBICBOLTE, | aCH o BEO N Y F U AT REIEST D, Fl
WX ARSI EEL, 5mil BoBefTH A A— L7 ImmNal (T£) REBOBED %
WE IR A RS, COER, 5mil D Be BOBEHM LR EHRED T FovF —IKFE
WEL—HE B b at, S, FUFULICLEFEREHIET 5720 EHT 2R
oW THRARAEAER, BHEESS ENET I 2T AEOERE 41 mgcm?, #Y =
FLvDENR B22mg em’ TH -7,

B g R OB IC B TH, HBRETOER, SRBEORERSELE D, i€
KA LTV IREBATHA OO TRNAE N EEFBL T, Fi i REHILES2 A
EFUAMETRL, FORMEERIT L, FOBE, oesrl, FERoahER-HL,
M ARIECE fn, 7, COEFAOBEBARECOVTABREAML, SEOHITITR LK
MR TE B EEFHOMIT LT, (BEN THHE
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312 IEVEFRERHOIFHFCHRTEIRAE— - LARYZ

&%%?ﬁmmmiéz#7%¥ﬁ%ﬂ(Emﬂ®%$ﬁ¥wﬁﬁ%liw¥—-vxﬁyx
AR DT,

FEICHAE LEED £ T, NadA Y& F—7Lz Z2mméxX0ommdD 47 1 v 7 BeQOTH b,
FEFE AT AREERES 2mm OR )T F L YARTE b0 &, [UESDT 70 v
ﬁf%ek§®%%5ﬁﬁﬁbtoﬁ¢@%%ﬁ%%bk%ﬂ@%@l$7%¥m%(Hm)
ik, ENENFESKEET & Vg, BESTVHOACERT 50T, @i#EOEEE DEDLE
it THE AR E Bo |

b FE, 55MV V.d.G 24 omEELTERL, "Li(p,n), T(p,n). D d,
n), T(d,n) KISICE 0 0°HEAKREST B 0620 178 MeV OFIMOBE— 2L -2 5D
HEDTHH, '

EOHTEEOKRER, 77—y PO 0° ), I mOMETRO LT LTT . RIHESHE
97g %07 D NE-213 ik v 5 L — 4 Th b % THhF, r@TnThicENd Shil
D<A L D DR ARIR LT Y BEAERE LES A AERMET 2. KICFERDO
A B L C/RRL L 72 FERDOJ 2 — Kz, Verbinski S8t BEERIC L DG NE-213 D LA
Ev A b o722 ZEWL Tunfolding 247V, EHHT 7 VT v AD 2 2 F —5Ti%
iwéoﬁﬁﬁ,%%ntliwﬁu%ﬁ%%&m,E¢@?7w171&ﬁﬁﬁMmm&®%
%3 g LEBEME AT, EED 846 8 & IEEE o B ik Blic X ) EED ik B4 S @ik
THEEZWRET %,

§ iy bTRETLEDHT 7 v v R QREMPEERE, ¥4y PO 90 LR, A3m
DRECEES o vy« h o vy TEEE =8 LELEA R L7, £/, EED RTORERIL
LB EEH T L 2 A Y A DEEAR HICEBEED BFROVT, EROHRIZYCor
S 10mR 2B L &2 OEEE #8IF L, TNENOTHEEE LD, ENEFNOEEDRFOT
Wizt AL AR s RDEEES L,

COEEEEDETFRE | mrad VO EERER, FHT I A 0F 506 MeVTrECImR &
EHoMS L, COffiET A F—HAEETEImL, 2MeV HILETRIZIE 03 mR HEICT 5,
CDT EH L AEED 3KEED PR TAERERMETHD, TORERFZED x4 0F—
SHTE rEEA 10 #R QBT 60 grad, I mR DT 04 mrad THEHLHEEI N L,

ke B

2E Tk
1) W.R . Burrus and V. V. Verbinski : ANS—SD—2, 148 ( 1964 ).
9) V.V.Verbinski et al.: Nucl.lnstrum. Methods 65, 8 Q968).
3) ICRU Report 261877 ).
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3.1.3 B A EEBEGAROCIT—UTH

CNETIREEL LS, UDWATE (2 =4 ) —{LBUHHEUER KL 2B B BT
DEERERD FECEABH TEN TS B, L, EREIET L LB T 405 -4
100 keV, amu bl I B & 2 ~ 3 EESVEREFNLTO 7o, ChidhiE - BERREE®REALT
DT, SEIRCN G OBEE LD ARIHERIT -k, FBRARETENT, Li*T, BT
Cst BEUSIHT DEA & Y DEELOVTIT T,

S kDB BESENERE (o) O LA F —(EHEFHZEER, ROBEATA
) v S TE BT LD T |
0 =747 E=27""E

FEL ZEAA VEN TBLUEEAL v SROWERE S0 vF-TH D, LO
xv~uyfwéiﬁﬁmﬁﬁ¢5&,mg313—1m%¢;5msw+4ﬁy%ﬁim@m
CELDBE EHhiotc, COBRMLHEL ALY, SIM7T MR EFBHMNEHZFME

TAHBO [(EHE | L THVAL EBTEL, (BEE B
T 1 BRI I TOF 11 Hi T 1 T i T T | [ :i
-5
10 = 6 = ag =
= ——— T ——— ¥ = = -
e — £ - 56, 3
- 0.350
N wyfﬁ\v B~ Z i
*

]OISE_ \Q -
— E ‘a pu
Ns n \O .

- \ —
e 7 %

10 & E
c = 3
o - ]
: -IB—- i
A0 =
o = 3
» C -—
b L
[ f— —
S g
2 E 3 3
a I~ ‘\ |
= » \ ]

-20

107 - UDWA RESULT E
E Sil4+ + B -
C @ Ca?® + H 7]
R EXPERIME@LS) _

721 N (2= 1a * H

10 a =180 Y -
E - 112-221+ + 0.5H ' =
- - Fef20-25]9 - O:SHi ‘:
C \ Xe'®* + H T

10‘22 ! F\'Ile .' filllll} 1 Iilll\ll 1 Fl'UH{ | ‘lefl!js
(G 16’ 10° 1o 1ol G

Scaled Impact Energy, EtkeV/amu)

Fig., 3.1.3-1 Scaled cross sections vs. scaled impact
energy for charge transfer cross sections.
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31.4 TYBRAAA D o A2 - RUFI—IURB L

rEAhA vy 4 vBRBOHERICRT 2REORN EITS bz, ~vFw—sERE]P
DR OFEEHHEES HV CHE L 72, B LB DERICKE 7 VA R FFET ORI AR SR
LA bLDMHELN AEBRTEITAMBE S LUEBOBREA I LBRATS D,

mEER A S L T B JPDR ERES A, T, RIEERSHSR0RAN, &R, &
HEBRR KA SR LR S, AERTCEI v 2 ) - FERT 7 7R L, KIEET
XHAC LR ENBIERSEFBHL, H30 OMEMETrfe FECBHL., ELT Ih
AR B DR S L O R F - RN b R A Ui, B S R & SR
Nal (T) %\ 7, Nal (T€) -0 TiE T8 “Co 5 & 8 IO Y RIRTILEMEE, G
WV T F RS A AE L, FEAEER Y Co THI00CT LHESNB, £/, B
DEEAMT T L DI BHES FROB SRS HAEREE MO THIE L. #ERREFig.
314 1R Ts AHA Y r 4 VBBEIV LR VFE- 2R P vOMTERBRTFEAE S
s D 48 FICEEEY O 5 8 (PO D 15m, 50m, 100m, 200m, 300 m) H & UEHILE
BHNADERTH S,

IS OER, Fig. 3 14 - 1 0BFEFELDT AL, FEHEBNELS LUBKRS 7 774
BAEET S S, GESELELOT AESERMIC ) »7RICHA L TOBFRb» o T, RIC
ST TEONMEEAFig. 3 14— 2ITRd, TaF -7 b adps, BINENL

YEor ¥ —{3 100 ~500keV THHHEBE S L7, (g %8l
2 SRk

1) 0, B PERA AL YA v e Ry F = RRID QAT 5200 56 4 S
mEEL, 61 (1981)
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3 1.5 HEXSBRHE FYFILE-SORREN]

| pCi o BEDHBABVEBED Y F oL ArET2y ) v /T2 HEELT, HBHX
AR LR BB AR+ A AR L, PHO BROBAT A0 ¥ -3 186keV TH
20T, HEXEEE 186keV DTFOBHER <7 b VT E b, BFEARY b LTH)EHAWEE
AFLELOT, 50mmée % lmm®Nal (TLRHBEHER LI, ARBIRES 5mil O Be
f%éo“%beﬁZnﬁ£®ﬁliw¥wX,Tﬁﬁﬁ%%wt*%tﬁﬁ%@%ﬁ(ﬂ%
TG DHY) ENTFraardF—E0REEFig. 3 L5 — LIGRT, KBOLHicR LIRS
OBe EEBRIESRIBEBREOERBESEL—H LTV S, TarF -7 2keV BITICHS
4 EBe BTEMINE-OBRBEOEE I{E 115,

BHEA L) Fo AR TERWERT A ERBC L DERL, Ny s STy N EEENS b
S s, i, RINBELE A GEEAGET 50 LABETES, 10 X 10 X 0.9 mo)
DT T AF w78 b ) F o LEE 1A RERIME I S ~ER 16 mm icROBESEMET, KU *
FUVEBIOT Y = AECHT AP X O BRELET L, BBE05 &5 DM
EOEXE, B IF L BB T 20 AEOES, TN 52 2mg o, 41mgom?
CF - fre BEEOE X THE L THE XBEOBREAEL 20 TRE TSR0, HBXER
WA MY F 06y OHE, BE 107 ~10'eCi/an’® ORIER>ATREEHES NS,

(e —3

1.0

Be window
(0.005 in.)

Response of Detector
(counts/photon)
o
L
T
Transmission of Photons

| | 0
0 _ 10 20 30
Photon energy (keV)

Fig. 3.1.5-1 Response of detector to photons
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3.1.6 BEHEITOHLOHSETIL
e BHEEE IC Pk S IR B A A K 5HNT, ﬁk&@ﬁ%@%d%f@%@éﬂ%i

Sic 5 »Fe, EREREEES 1977 F84E B L UPICRP 1977 EHE T T RIS EUER
A QRS ARE LT b, COEERBEEBERTL, FEY 5 ETRPCHADLL
Leid, L, M, BEOHEF 5 ER5E, WEFHOSELL L THEEECRLE
ApEb L, HHEASTCDE 15, COLDTEGEROYEEZY L MERBIHIC
S B AR L0 TEEEENE,

&%@&%ﬁﬂt,%wﬁﬁ%F?@<C&@%pk&%ﬁﬁmmkﬁ—ﬁmﬁhn,%ﬁ%
£ AN T A REGEERICE U B AR I} 5O T, HRREEHRES
DA TS b EBDA S, 2055, SORED TSN SEEER N TREICEE
BT ANADT, SWEHREICED HWREOEDIEAVNS (A SN, BEWEE D HBEE

EEATOMANA NS EEbN D, COLIHBUREORERAEEEL T, #iE
®Emﬁp%&%®ﬂﬁ®ﬁhumrﬂxm$ﬁﬂ St DILE A
‘\]{lnpx+Px| g% ) |

ffaé&b‘jﬁnd"&?*ﬂ/’%? zZLY L nex +ox iEx AN EEInex, ThxBRDEE
Px&ﬂM?%éﬁﬁ@&%DLtmcf,xﬁ¢®&%ﬁﬁlﬁﬁﬁpxﬁk@&%ﬁﬁﬁﬁ
DEREFT. COAFEx CE LTEE b, BERELAA LIS LT 5,

S ET SRR ARG L 1974 FHORMEIC T ST 5 & H TRRMEE
Eﬁﬁ%fw@ﬁ@@éﬁﬁ?éoz®¥~9%Eﬁ%ﬁﬁ£ﬁﬁ&£ﬁﬁ%m&f@mé&
Fig. 3 L6 — 1 RTHIPERD /7 7O LI IHRICIE LI, zHiTHL, ThF—F
%E&ﬁ&iﬁﬁi%(Iﬁf$ﬁ®aﬁ%%mX+x&Lt%@)C7U;%€%& Fig.
316 - 2EmT LI @mm777&m5®t At e P AEATE BT Enbi ot

e B

£ &3

1} Kumazawa , 5. and Numakunéi, T.: Health Phys. in Press.
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99

90

70
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30l : ' L
4 0 4 8 12

Inx or x, where the unit of x is rem/yr.

Fig. 3.1.6-1 Normal and lognormal probability plots
of occupational exposure
(Solid and open circles, respectively)
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99
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50T

3 O ! L ! L i 1 L L .
5 2 5
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Annual dose equivalent multiplied by p (rem/yr)

] L ] )

Fig. 3.1.6-2 Hybrid lognormal probability plots of
occupational exposure
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3.1.7 EBRUMTEESHOBERAE .
&@%ﬂ@%%,E&@%@%E%éﬁewmﬁwﬁéc&ﬁgwocw;ﬁﬂﬁﬁ?—&m
@%T%éﬁﬁﬁ%&hf,Eﬁ%ﬁﬁﬁﬁﬁ%%ibt”oCﬂ@&@ﬁﬁ%ﬁmwﬁihé
N5,

X
1 Inpx +ex-#)° \
Q(XI:S L N S N L 1. SullE LA I (1]
oVZEa X 27

(<l x<oo, —wlploe, p, d20)
C DSTIAERD F— i BRI HITE, BN RIERIERE AT A, B 2RI L
Ofﬂ&j—&p’p,02§%%¢50Cﬂ5®ﬂﬁf“§§mpf,PX@Q%@¢1(%
oVl THIEBT I 6, (¢, 0) / p T EigE Iz exp (-6, (1, ) )/ p THh, T
zTc, ¢ (#, Mm@ﬁﬂ%m¢hﬁb5n5”0it{y:hm+t®ﬁ%ﬁ%t:mbw
Lmd s & BRI (hyb T a ) o Th . C OB S BIEIEIC K D Y,
TS B DA IR o B 2%, IBER RS AT D 1 R ) M IRD & D I D B,

(Inex + Px-#)2]
2 at

dx (2)

Q()——IJX ! {1+ i (-
.1x7§0/—27rq PX )exp
cnm;@,xLixng@ﬁﬁﬁ@ﬁ@ﬁ@%ﬁ%&@%$m5%5%@%%@%%@91
(x2)- 27 (x1) &Lfib%C&ﬁféécit,cmﬁ%ﬁﬁmw5&ﬁﬁwﬁﬂﬁ%m
{QAMJ—m<m>y/m<m>—9@m}atf$mgnaoc@gmmmﬁﬁﬂﬁfﬁm
52,
Mt®ﬁ§ﬂ%£@ﬁtﬂ%HTmM3L7—1K%¢#7»—%7&ﬁbfﬁ5(ﬂﬂﬁi
#2) B, $f, MEAAETLIIS LD, BNHKEES A TAVIIEGOERED
S A LI B I T A BT LI S N (fe #

25

1) Kumazawa, S. and Numakunai,T.; Health Phys. .in press.

2) BEiR, GEIE, BER BERHSEESAOHET AT Y X LT VRIS cE vy i N
LTR%E, D3 —1 (1980)
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OBSERVED DATA
ESTTMATION OF HLNPRM: LSMFT3, NQ¥%, NPNT#*
: (estimating parameters p, h and 62
THREE PARAMETERS of H.L.N. distribution)
THREE-PARAMETER (perform various calculations after
DISTRTBUTION t?ansform}ng it 1nFo two-parameter
distribution, putting t=px)
HLNP : INVHYB, NQ%, NPNT*
(distribution function (ISGN=+1)
and percentage point (ISGN=-1)
f B.L.N. distribution)
0-PARAME N
TWO-PA ETER TMODJ INVHYB -
DISTRIBUTION (mode of H.L.N. distribution at J=1)
OMED INVHYB
' {median of H.L.N. distribution)
MYUJDA: INVHYB
(jth moment of H.L.N. distribution at J=j)
MOMENTS OF } HLNAVE: MYUJDA, INVHYB
TWO-PARAMETER {mean of H.L.N. distribution)
DISTRIBUTION kHLNVAR: MYUJDA, INVHYB
(variance of H.L.N. distribution)
HLNJP : MYUJ, INVHYB, GAUSSA**, UHLNMM, NQ¥, NPNT#*
MOMENT (distribution function {ISGN=+1)
DISTRIBUTIONS and percentage point (ISGN=-1)
OF ) of jth moment distribution at J=j)
TWO-PARAMETER T™ODJ INVHYB
DISTRIBUTION (mode of jth moment distribution at J=1i)
| OJMED : MYUJ, INVEYB

INVHYB: NONE
(inversed function of &nt+t)
MYUJ : INVHYB
(maximum point of integrand and integral

LSMFT3: NONE
(least mean square method)

UHLNMM: NONE
(modified density function g(u) of
H.L.N. distribution)

(median of jth moment distribution at J=j)

interval for Gauss-Legendre integrationm)

NQ*

NPNT# :

: NONE

(upper probability of normal distribution)
NQ*
(percentage point of normal distribution)

GAUSSA**: NONE

Table 3.1.7-1

{Gauss-Legendre integration)

Summary of subroutines and functions relating to
H.L.N. distribution, where functions are INVHYB

and UHLNMM.
(%, *%; JSSL at JAERI computer center)
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3.2 & WAt

321 #® E .

1980 AEREIC (T - 7o [ ERIEBIE ST | Ci8d AR RIS 1T, 2 ORACEIRAE L FiCE~
ER '

a ) SHEEEYTFrIREAE

TREHEBEENT & B AR v R R AR BRI R AR D0, MRRERICE - i
AOEFRICOWTOMRERIT-72. $HbH5, EDTALE ) v YHOBEEELELT L7000
HERA T, $5ic, EDTAIRE S Y v ARG ECREICES L ZTHR4 4 vVRECEE®
Bt 1979 HEE TRIT- R EARIOERP S, EDTALE ) v/ BROREHEI3IITELT
XA,

b ) YH M RO M

53 AR - Dk b Ty FORBERBAT, BRAEAN—F LIIEE AEHM G-
ELABEIOVT, A00mes min DRETERERLLES, WTNROBE TS LERE E
DOEENHEETH DL EAEPDI, T, KDPO2BERBCET AEEROHGEAT LA
BOHETE0~T0%, BETHAS L0HEREEL, BEDHACOVT, BRKSEH
Bt L EERIPTH L,

SHERE | Zicow T, BREOKSZHINSHENC *H ot 2 & 55 BET T~ 7
SHERESDIES 1 0 &, RADBRIERENS A TEP -l BRI, 53 DFL
WHEMBHE L B S NI s oS, (KAD SOEDO R I AE RS BEME S £ 5 THVIES
mE o0 LEEMED NI,

¢ ) Pu miaR28E

Puliis = #RIEIHERT 27 7 v b LOMEAIT-> TS, 1978 FETSHENT, 77 ¥ b
ACERT L EED AMKEBSEHEHEIC 0T, 10~ 25 KeV o X Eic i 3 2 Bl » Bl
HAMRA ST -1, iT, &7 > ¥+ AHORIY « BEBHD ERF— 5 215510, EM
OIERICET L1z, OB E LT, £ oLy it bBD CalO: #BALIED, GKEY
TR T E O EEASREL, S E LTRRBLITALO 2078, E@E) JLs »
HEZRRE LI, LASOZRMOERF— 7L 18I FELHLTECTH S, (s 2
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302 EDTARIBY v /EROEEE (V)

WO R s REGERE e RO B A B A BRI, MRRERICE >4 A FR T 5729
1979 AFIC 5| &8 &, (k@géi@’s:ﬂﬂf:o

MG HEERE LT 27 mM EDTA-2K ABU7M@l m£iCciEEs 81 mM CaCly, 1.35
M 70Ce.H LT 680 oM FeCly (F7-1dFeCl) KA L HICnSORBEMMENAT
WEORELE (Moorhead DKEH) THET L L, ) v HREAREMET 5.
A A EFEOREET L Y, MhOCaCl, FeCly (7 FeCl ) DREE —
FEEE) L, ZnCl, DEEAE 08 mM, 1.1mM, 135 mM & ZA, 50 BRI & T4 PR
HEEATY, Table 3221, DILRTERSEL NI, HERA T M FO—EEHE (624
cin?) B0 OBERALFRE hHOMEO KT, SEEIIRT L MEHr RN eOT
&5

SO ESEIRE AT, A A VORES LImMOEE, DG ERED ) v RERERK S
f 4, TANSMEE TR, KEOEHrAE VO LT, EBRAKSDC, #ENURERBES
LTI, HZT&mwt@D T B DRI O R %*¢%@Ux»ﬁﬁiﬂﬂ¢
L7, Fell RS A IS T B,
ui4$ﬁmbté%%%%bb,Mﬁmﬁﬁmébf27mMEDwszékaMﬁl
ml iCEBEA 81 mM CaCly, 1.1mM ZnCl, BLU680 #M FeCL, (£72i3 FeCdq) s
BESTINSOSRIELEAENA, BETLLEIVERPEONLEI LD 10

(HE #3

BENE

1) R.H.Alford . J.Immun., 104, 898 (1970)
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Effects of different comncentrations of 7ot with
8,1 mM Ca’t and 680 uM Fet™ on the mitosis of
EDTA-treated human peripheral lymphocytes.

Table 3.2.2-1

50 -h incubations 74 h incubations
ZﬂCl?_ ZnCi,

No. 0.8 nM 1.1 mM 1.35 mM 0.8 mM 1.1 mM 1.35 mM
1 182 1006 1496 1884 1180 688
2 724 1642 548 1202 564 368
3 1456 684 182 544 1204 460
4 772 2172 390 628 2750 1072
5 346 2264 1994 1596 724 2278
6 316 160 42 2796 1230 1788
7 144 306 324 3520 306 1196
8 548 858 270 824 2350 772

Average 561 1137 656 1624 1289 1078

Figures are numbers of mitotic cells per a given area (6.24 cm?)

on the slide after 50 h or 74 h incubations.

from a different individual.

Table 3.2.2-2

Each figure is

Effects of different concentrations of zott with

8.1 mM Cat™ and 680 uM Fettt on the mitosis of
EDTA~treated human peripheral lymphocytes.

50 h incubatiens 74 h incubations
ZnCls, Znll,y
No 0.8 mM 1.1mM | 1.35mM | 0.8 mM 1.1 m4 | 1.35 mM
1 662 96 278 2122 621 1178
2 57 429 586 488 1623 5883
3 524 34 488 462 1114 306
4 551 516 468 1416 753 1416
5 58 82 412 272 4115 174
6 621 1921 216 492 3211 2612
7 196 5416 184 350 2092 616
8 142 597 872 604 954 3542
Average 351 1136 438 776 1810 1966

Figures are numbers of mitotic cells per a given area (6.24 cm?)

on the slide after 50 h or 74 h incubations.

from a different individual.

- 177 -

Each figure is




JAERI— M 5654
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ERICE D AT NA b ) F o a0k, AEOKSERICEIVREESNLGI EF LA
Twb, CONRAEELDLEDIC, JRR-2EBCTH I FIoKkERALFERESOHII%E
BT, KAOAFERICLD, MY FYLOEREEYRAFEOL TR TErE L o,
WRER, FUFULEERLTHAS IS HELD 260 BEET G 1EER |, i/, 35 HEL
@405&??&425Jﬁ)u,15%t@1£®ﬂ%m YA f e O AOMHERGC T
ZEBATE LG4 Bohic, BEEIULEMcITh s, SRR S XU DREiRIC
EH%WWK®FU%¢A%E%,W,@ﬁmﬁfﬁﬁﬁ¢ﬁﬁm%ﬁﬁb B F T ADERRA
SRR AR B, KBS U F U ADYRER, 1 B0 Ok ERE S MRS
ZEEZONLDOT, 18BHKDDEKS FWE@E%1£tmLtM®bU%9L@¢@@
2O RABAE ML T ARTOXEMSERMTENE ,Cﬂmbﬁﬁm;@$®65&ﬁTéé {7
L, AEAKEAGED 0% 2 SIRETS) o SHEE SN, KROEFEIUMICEY 3

FUF Y AOERBRE I EAELUFE 2EOTRORRICEC TS, PEoIETRS oM
LT Lot ¢8bhb, HIRGLUH ECRBICEF L FASN/I MY FULOF
B, S50B LU HTH M, EBCHEsNEHNE, 56 BLXUTIBTHT,
CDEERIE, ARHEBO LT, BREo b o—arl LIKKDOBEEIET - 0EG, €08
%w%mi@%&<m5@4@%5C&%T¢%®T$6 COERIE, M@K\$W®W’
T, EEOKRSGEISIRE NS D LEL o, '

ARER LA EEOTHRE N HTHARYUEN T0mrem 13, MEREBLLTHT DTS
D, LichisT, REL AR EHGE b BT, Linl, RED F Y F v 2% BEL
FRA D, WEBERE CEEL s £ 5B, K DERERETH>EE, 1L/ BHL0D8
ZBOKSGFENGTLUNENHL, DL fabzmi AR THED bﬂﬁtﬁﬁ & S Ad
ETHHDH, WHEGBELRE —FHEUTRERLLY & ooy, COREZERELT, Kia
DERE S L OEBIELRZHEE L3dhdid o8, (8H #F)

BENHE .
1) K. Takada , H. Fukuda . T. Hattori and J. Akaishi: Health Physics (EJ
)
2) ICRP Publ. 23 (1975).
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BT REHEED 2 v BENEEEICO VTR, 3vEEBBIIBREL, o, HAARTED
FHRELE VLS BREMAEES L 00 E&EREMOSHEABRMKITON, TOPTHE Y
AENMALRT I FREMBENTO ST EHROHITE -7, €AY )

3.3.2 TERIVEAREITAVSILEOHARACHT LT RER

1979 ICEff L7 o/ v —3 0 RRICEREEL BT, EYHAK LT 0 VDD ED
THD, o, %Ewggﬁﬁéﬁgw(uFFﬁﬁl?ufwj&wﬁ)%mwfiﬁﬁaﬁ
#(b)ﬁz@WE%ﬁ«t

, HIEE s, hﬁxﬁi%,ﬁﬁlTD/w?i% T o BTSN, 3R
MRBAANY 74 T3 OMRINT S, KIDHBIEIBTH 20 LOEE N 7 28 ()
T, N T 7o Y RIOEERBIRD S 5.

HRTIE, L AARESHERE LT o VAERIGAE L SEERASE, REESSH,
T & o EER I X B I L - CRIGS 870, EHHICHHEATE~ORARELELSET
ﬁwtto&E&®ﬁéﬁ26%4ﬂvﬁﬁ/77Tﬁ$L,9@%@3%%W%ﬁﬂtmoh
AAad, P CEELA s ERREATERTRITAC LI DREES R, 27 YA OH
S SRS AARIEEBATRICEOTFN FNEHEHEER & HEN - 7o VR ERE
38, WAy F U AEROTAE L/

wErzyo /A, 24,/ min OERIT 03 L min ODHe AMABEHATHEZESC

LD, H A STEERESEEL LD L, TT e Y LoES T EEIERRNTH D,
%@%M?ﬂ%(@);0Mpm,@ﬁ%&%ag)iHST%otcﬁﬁﬁﬁﬁ,ﬁﬁﬁﬁ%
T EHLLENSERTAIEICE -T2 100 ~4 x 10°EH cm® OB TELS S, 4
15, BEOBBC - THRET 2V RROWDBRIGEBITALHICT — v F b7 o 7 EEHR

Ty Tk - THE LA

COEBTH, LARDOHEEL T VI ~DEEIZDOVT, RIGERNC L 2IREBOELL, [,
A ARE SREEAOEEG, 7oV EREEEL LARERELEEEFE T, Fig.3 38
7 - 13, BUBESENO [, HRAOTWHEEL 10"~ 10" g/om® oHEtEfbagiEsD
BEIT o/ MDD, FRABREHEEZR LT 5, ZEREHERICE 147, 7o /U
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e o x 10° @, om® (BREHEE23 % 107 em® Som®), BE19~2°C,BE 20~31 T
55, COMRLY, BEZTO/ MR, TAEZRE LPTOHELAL T LADH -
b IREZAIR 1, HAD PMEscfEL, 107 g /o’ bR BT EETERERLI
b LTH B BO—EMELSTE, W g o FDEVBETRERNICRDT ST
Dot CHEIT OV AOBMNAESZDIKBE L3 VRETHE L, [ VAORER
BRSFEREE (W02 pg/om®) BFTR, BRERBG LA RABECEALTENLT 5T
Labhi s, tio, HINENAZLXEAERICL-T, I, TAOBET T ov/~D 0 3 R i
RE DA TR RS BT A O SR EBI LI » T,

BE

1) KR, BRI, B BISAC B BIREE S v % E =T 0 AOMEER HART
Jrdy 56 FAELESEE 1 51866 (1981)

0y B, KME, FEL A 45y 24 0T 5 kB 2 REOERNMFMNE ", JAER] -M
9408 (1981 }

(R BRA)

9 107 ' 1 ; .
L
|54
w
Q
s
o
2% 10l
wee 10+ F -
g
g3 Reaction time: 1 min.
Lo R0
88 Aerosol particle
- 100 k- number concentration |
° 2x10° particles/cm3
g 0 dg 0.14 um
- Og 1.75
0
N
= 10-1 ! | | | |
10713 10742 10711 10749 1072 1078 1077

Initial concentration of iodine gas in reaction vessel (g/cm3)

Fig, 3.3.2-1 TFraction of iodine adsorbed on incense stick aercsol

vs. initial concentration of icdine gas in reaction vessel
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4 AAFEWMER] OB R A EE 20 LT, 0%, 90%, di24~19cm s, KRR
b~ 60 min, BASOES | ~3cm, 39{bA FEE 107~ 10778 Jor® KB LTINS,

CmHh, MRHRE 20 BULT, d84L0000 BCmE 19 om s, FEEFR b min~ 60 min, &
FOEX 2 cmOBESL B 3REREHD 2 7bA FUOMENRLFEHFELE Table
333 1Ime, COTHMMELRE, Y OBERFITHTE 2 vl FLOBERDEOL
TEHREN, SEBELRSAS CBESEEESREO I EEBT 2, AMMELSEETRS
NTHVBDERTE L THESRIC L > TEELZHHERTH 5, MAXEEN 20 LT D85S
HNTRORER S 3 AL A F T BHERNEIL 100 BIEL TH - 700, FEEEDS 90 0
BERET L, LBALIOEHIZEVTHIREY Y B4 VA, B7 v 1), TEDAREMRERE
98 %Ll ETH 70,

SRR EROBIEIC L - TAE SR UMHEE O BT Licdi- TN L7 72,
TEDA BETEROSMMELIT 1 X 10~8x 0¥ LS, Hivr 74 b ADpEEfliREE
g% 10°~7 x 10° S BECHESMOBEEZGZH L EMHALREN -7, LIOD
S HEOTHE YU AXVAEHT LI F R 10° D EOSBHEL LR LI, B8RAHLELT
EOREOABMESLENCOVTRAEES S GBEST LS, TMIFHIKBOTHT 23
A R0 P EREINACEEEETLE, DUBELS LTI EERLEEALM LIRS
LEZZon, COEAPLHMY I AXY VALET AL FERADEHEEF TV EEF A 5,

(ng  FE)

BENE
1) B0, Mgk, HEfM 0 2 BERAANESEM S L TOEBREMORFHAR ",

TR 55 RO SRS GE1ATD , 102 6X05103 (1980)

2) IR, O, MEf 0 3V E - FAROBHEM & L COSEREM ORI RS

b ic A RFTBRE S v Y v HOKRE T, BrhEass GBIt 67

(1981)
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