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Introduction to Environmental Monitoring

Jiro Inaba

National Institute of Radiological Sciences
4-9-1, Anagawa, Chiba-shi, 260 Japan

ABSTRACT —Radiation protection of the public is achieved by control of sources
of exposure. Monitoring provides a means of assessing the radiation exposure of
population groups and individuals; the assessed doses can be used for optimization
purposes and to demonstrate compliance with dose limits for individuals. Thus
monitoring is an important tool to ensure that there is adequate control of
practices or situation which give rise to radiation exposure of the public.

The primary objectives of the environmental monitoring are:

—to assess the effectiveness of source controls;

—to demonstrate compliance with authorized or other limits on the operation of
the source and on the exposure of the public;

—to identify critical groups and to assess their exposure.

Possible supplementary objectives include the provision of information to the
public additional to that resulting from the primary objectives.

Different types of monitoring programme are required according to whether the
source gives rise to dose rates and discharge of radionuclides from defined loca-
tion or whether the source is widespread in the environment. They are source
monitoring, environmental monitoring and individual monitoring. The environ-
mental monitoring can be divided into two classes; source-related environmental
monitoring and person-related environmental monitoring.

In Japan, the extensive environmental monitoring has been done around

nuclear-related and other industrial and scientific facilities, and there is now a



substantial radiological data base as well as a long experience. On the other hand,
the public concern about the environmental radiation has grown for last few years.
It seems that the provision of information about the environmental radiation and
radioactivity to the public is presently much more important than before.

This seminar is organized to review and discuss the various monitoring pro-
grams that have been conducted, are in place or will be conducted in the light of

current principles and requirements for radiation protection of the public.
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(DHas the expenditure of millions of dollars for radiological monitoring and assessment

activities been worth the effort?
@How do we decide when enough monitoring is enough?
®Can we adequatély asess the impact of nonradiological components, both inorganic and
organic, of wastes?

@Are current regulatory requirements too restrictive or too lenient?

®Can monitoring and asessment be made more cost-effective?
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Role of Dose Assessment Models in the Environmental Radiation Monitoring

Toshinori lijima
Nuclear Power Engineering Center, Japan Institute of Nuclear Safety (NUPEC/JINS)
Fujitakanko- Toranomon Bldg.(TF), 3-17-1, Toranomon, Minato-ku, Tokyo, 105 Japan

ABSTRACT —ICRP defines in its publication 43(40) the objectives of the environ-
mental radiation monitoring in the normal operation and the accidental situation,
respectively. This paper discusses the role of dose assessment models in the
monitoring for achievement of these objectives and limitations of the models
which should be taken into account when applying them for the monitoring. The
discussion includes what data and information the dose assessment models need to
be given by the monitoring, in particular, in such an emergency situation as the
Chernobyl accident.

ICRP recommends in the same publication that the monitoring should be
planned as the secondary objective to provide data and information available for
obtainment of environmental transfer factors which are used in the assessment
models. For the obtainment of the transfer parameters from the measured data,
the so-called dynamic models are necessary. An example of such a dynamic model

with its application is presented at the end of this paper.

B REHEE= R ) o 7 CEIBREME e T v 2 ARDE L I EVRETHH I LIRS
MGNTWV 5, RRETIR I OMAEOHER 24 LAKNEEET 5, [ - 1[BREE=X) ¥
ZRER TS iz & 512, ICRP Publication 4313 =% ) v 7’ O#REAZE~TL 5%,
rTRBESTNE, CNOEBENFPEERNCFOLS CHEATAVIIOCTOERTD %,

10

>



I — 2 modelling & monitoring

1 BREHSHBRE=SY > ITOBEE

ICRPIiZ, Publication 43D HFA0HEIZ, =X ) V7O HEZ KO L S THEL T
%, |

[40) =&Y > 27« e DN EXELUMT 2 FELAERKDO LBV TH S ¢

(IPEBREL LB L YBRBP 06 3 N3 RGHEWE H 5 CIRGHEE D> &, hE
I —7B S UVREAPRY2EREOH 5 CRIBERLGEPEET A L,

CIREERES & NEREOERIZLIV>Te s L2RT I,

GHREDIKEE, HROBED 5 CIEFALAD DRYML & NS EOE Y F2 v 2
T52L, BEREHACRTRETIL - REBOBESEPHT I L, KU, BYLEA,
R E =2 ) 272 HET 5 2 L. (M) RIBLFR)

ICRPRSGIAEDOEU)HE =&Y Z7ORIKEECERL TV 555, 20—

BTNV e RS A=X BT A7 —XDIUEH 5,

2 B2EHBRICHT I EFLOLES

3T, BQIDHERIPHERERT=XZY V2L bDTH 5, BAEINIZAROER
ERRELEY ImSVEIFTH 3 2 L, $CRBARRBREFCREEIEMEZHELTV52
LERTILTHE, CORDIRICRPYEIEL T 3551, =X Y U7 THIETS 346
BINRIBECHT 2MBRESYPRET A LPENTHL, MBRELRET AR E L
TRKRD DY H 5 .
ShER AR - - - ZE PR R R (4 Sv/h)
MEMRE (mSv)
PIERAERR -+ 22 P B (Bg/m®)
HEREHE(Bg/m?)
BaPIREB/l, Ba/kg)
2L THRERKRDFIETIT b B,
4) BV A FELOFMORESRMG L EBRRG Y ER L THREEET S v EAC THEER
B LRHREASEYHERT 5,
v) BEERY OB T 2 HRER, BELRET S,
L2dio THIBIMRESFORE CREBREEEETNVYLEL L 5,

3 SEB1HECHTIEFLDOLEN

B(LDHEETRE, =&)Y yZ7THLNIEREFO RS E RS S KRR () 124
CTRAROMBYBPHET LI LIRS, =R ) U2 F— 2R TNTES BT 5
THb, ~HREEETRRES NV—TDHE, TLbbBEABEPRO LTI R LW,
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DI REETFTVIHHNLNS,

4 EIEELCHITZIEFNLOLEMR

JRFHIHERD & BREHEME TR NS & 5 LR (bW 2 REW) L 2 BELRE
&, DROKEHFIHBIZLELARYIIEL, DEISCTERTAIETH L, MEHIFRLE
DPEILRTEINIBRAERGEE LEFED T 5 ARIEERE AL~V L2 HBL T
Hransg, 20D IREIT=X) yZ72iTbh 3, HERpEOBRES L »IET &
TLrb@EALRONG, LI2d-T, RIER ARFEREE=X ) S 7BERYECERE
EETFTNVERAC THBGELY T T s 0EY DB,

HEERC IRGHEE ORBRP R OMAFH & E—E TR S v, fE-> TEHORT OBRE
&, FFUSRARGORILEER T ALEYDH L, ZDHI, REEHF IR, BeilroD
BHRGPARERY A THBBRESMEHZEL, 36 CAMOIBRTHDITLE, bW
Areal-time-model " LETH 5, ZD & 3 Kreal-time-model DBz, HARETFHIFFEATHEH

1400 v
1200 J
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1000
J Ab B
800 /i;:}7
600 /e ERL T
- RN~ [
-
Eawll [T
200 y“avvvy
0 ;\T_:k\\ \
IaVnNY FIaN, / Fav) 74
2009y . & AN ST
.\_.“5 -“/.‘/\-’_~/\_l
4 \_~’f . ® ).-\_/.
400 ‘,-'_"(‘Zvﬁf’{z_l‘" \_\
600 .’/n*‘. . \“-1<: , ; M A—N
1600 1400 1200 1000 800 600 400 200 0 200 400

FEfE(km)

1 SPEEDIiz X 3 F =/ 74 VEFFERORGEHEY Iarv—v a VR
4 268 SRS NICH A RAD 4 H288 12651234 5 3 LB T0. HALKE
(1CI/M#ZREL T 5, EFBESIE, AMAD 61077, 107, 107°Ci/m?)
Simulation by SPEEDI of atmospheric dispersion of the FPs released at

the Chernobyl accident
(BARFEFHIER | RFHRSEMEORK BRI6G2E  p.95)
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B EDHEBEHIFSL LR,
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Bo2HEDID I DL heF v AL THIIRESERELLES, bLe=xY 2
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T2 Eichs, TNIBRNCEEYRE L TEEZEKRT 2, COMEYBIS D
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K1 Fazn)T74Y) - F=256KD 6 IBITRE
(OECD/NEAfEREESDINE I L 3)
Summary of Processed Data Provided by the Organizations

Parameter Nuclide Data Unit Organization
Weathering half-life 1-131 14, 17 days JAERI
on pasture grass Cs-137 9 ” "
” 6 (early) " HSK
” 30 (later)
Cs-137 23 " NRPB
n 7 " "
Milk
Half-life (cow) Cs-137 3 days GSF
Transfer factor
cow I-131 8.2E-3 d/1 NIAI
" 3.2E-3 ” n
cow n 2. E-3 " NRPB
ewe " 2.9E-1 " ITE/HFRO
cow Cs-137 4.5E-3 " NIAI
cow " 9. E-3 " NRPB
cow n (2-5)E-3 " GSF
ewe " 6. E-3 " ITE/HFRO
ewe " 5.7E-2 Vi "
cow [-131 8.7E-2 m?/1 PNC
cow " 0.09 total-in-milk/
total-intake HHI
cow Cs-137 0.16 " "
Fresh-to I-131
processed cow Cs-137 0.20 - JAERI
cow 0.25 - "
Meat
Biological half-life
beef | Cs-137 30 days GSF
veal " 20 " ”
pork " 75 n ”
sheep " 140 (muscle) " SCK/CEN
lamb " 10 " ITE/HFRO
sheep 1-131 7, 8 " SCK/CEN
(thyroid)
Transfer factor
cow | C(s-137 0.01 d/kg GSF
heifer " 0.03 " iz
veal " 0.3 " ”
pork " 0.3 " "
ewe " 0.03, 0.12 " ITE/HFRO
lamb " 0.06, 0.50, " ”
1.2
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Chernobyl Data Evaluation for Accident Consequence Assessment, A Survey
conducted by an OECD/NEA Group of Experts (October 1989)

Content

1. Characteristics of the Chernobyl Release and Fallout
(L. Devell)

2. Long Range Transport of Radionuclides
(S. Acharya, A. Christie)

3. Behavior in Urban Areas
(J. Road)

4. Behavior in Rural Areas
(M. Crick)

5. Radionuclide Transfer to Foodstuffs via Plants
(S. Vuori)

6. Radionuclide Transfer to Animal Products
(S. Nair, T. Iijima)

B2 RS R R T 1B (OECD/NEA) DR & &
OECD/NEA Report summarizing the Chernobyl date evaluation(to be published).

6 EFNLOEIRMEZE~DICA

=X Y Y ZDERRIIBBED—DThH s EF N - 85 2 — R BT 27— ZDIEIZS T
b, BEHEMEOREHEF TS VSR EL L5, BUBHFEE=2) L 20 LB NE 7 —
ZIIDOC TREEMKREP R BN F VR ETHH, Forvs 74 ) BROBRE, H#R
FTREY —~A 2170, BORIEFT—F 0 0BIT S5 A—2OfE%RD 12, 20k [ CE)
W& 7w DIRFE b A 77, BF 1 1 BAHAHE R T 1#$E(OECD/NEA) i 2 1 b D7 — & 2tk
THRHDERR N ZEDI, 2ORBUE 2 CRTBRTHRES I L VEARAEINS, b
DED>L b EZBROBELF—2H AN, EHEREZIIOCTAXY 2R EIRD & &
WELRLDOT, SICEELTRES AT -2 2R 1R T, BIIEFJAERD, ik
(PNC), B HEERBRATNIAL, L EHEFERHADY L OF — 2 & i Tv 5, 8 612
JRRFIX IR DA L > THEHBIT 217> T 3, BHIZED & L oEZDhT, I
FOERD 6 I 7 ~OBATREERD 5 12 CEMEF v 2ER L, ILBEEHOT — & (-
R L DT, RREDHERIBAT 5, BB RULECTH 5,

SEXW

D) MIEM: YEF v 74 ) BFHRERESERRORSE 51 5 KREEOH T,
JAERI-M 88-019(1988).
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APPENDIX

Estimation of Feed-to-Milk Transfer Factor with Temporally Variable Intake and
Milk Concentration of a Radionuclide

This study was carried out to review the process of obtaining the transfer factor (d/1)
from feed to milk from such a set of temporally variable data as the Chernobyl! data, and

to estimate this parameter value using a Japanese data set.

(1)Transfer to milk of a nuclide ingested by a cow is simply modelled as follows ;

(@B/At)=— ACBH{,]  eeerermrr e 1)
(dM/dt)=— ArM—i—lebB ..................................................................... (2)
Ca =/0t°dM//0't°Ldt .............................................................................. 3)

where B : accumulation of the nuclide in the cow’s body (pCi),

I: intake of the cow (pCi/d),

f, : fraction of the nuclide transferring to the body,

A, : biological decay constant (1/d),

A; . radioactive decay constant (1/d),

A. . effective decay constant (1/d),

M : amount of the nuclide in milk (pCi),

f, : fraction of the nuclide transferring to milk from body,

C., : concentration of the nuclide in milk (pCi/1), and

L : milk production rate (1/d).

(2)Since the feed-to-milk transfer factor is defined to be the ratio of milk concentration
to the intake at the equilibrium state, which means the constant intake, the above

equations can be analytically solved and the transfer factor is given by

TF=2,1f.1,(1 —exp(—/lrto))/lczlrL, to= 1day. cereeeremsrermrmsinnen. (4)
For such a long-lived nuclide as Cs-137,
TR =f, £ty /L, -weveeeserseesesnmmneentneeeeitit ettt (5)

which indicates that TF does not depend on the biological half-life. Thus, the above
parameters are required in order to derive the TF from the Chernobyl data, if this simple

model is available.

16
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(3)In the Chernobyl case, the daily intakes were temporally varying, and thus, the

following approximation was applied instead of eq. (1) to a Japanese data set.

i1
B(tl—l) = fl Ftoécp(tj)exp (_ lc(ti—l - tj))

M(t]) = A,bfg ( 1 —exp(— /\rto))B(th)Ar'

where F is daily feeding rate (kg/d), C, is grass concentration on day t; and t, is one day.

It was assumed in the approximation that the nuclide ingested on day t; did not reach the milk.

The parameter values used for the prediction of milk concentration are as follows :

F =40kg wet weight per day (it actually varies from 10 to 70kg wet weight per

day),

L=20 litres (it would vary to more than 25 litres per day),

f,=0.8 (iodine) and 0.45 (caesium),

£,=0.1 (iodine) and 0.3 (caesium),

1,=0.20 (iodine) and 0.23 (caesium) in unit day?,

1:=0.086 (iodine) and zero (caesium) in unit day?,

The results of prediction are compared against the measurement in Figures 1 and 2.

10°

107

10

Concentrations pCi/l * milk and pCi/kg wet weight pasture.

FIG.1

1131

Pasture

/ Milk \+. Model
~
Measured "/

Detection limit : grass=10pCi/kg wet wt.
milk=20pCi/1

May June

vead e s b Lo bp v e by gl

5 10 15 20 25 301 4
Japanese Data on I-131 Uptake to
Milk.

Data were provided by Hokkaido
Hygiene Lab.

10°

10?

10!

Concentrations pCi/l - milk and.pCi/kg wet weight pasture.

FIG.2

Cs-137

Pasture

i

Measured

Detection limit : grass=10pCi/kg wet wt.
milk=20pCi/l

May June

(IR NN TS N R NN EE N N

5 10 15 20 25 301
Japanese Data on Cs-137 Uptake to
Milk
Data were provided by Hokkaido
Hygiene Lab.
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(4)Substituting the above parameter values to equations (4) and (5), the feed-to-milk
transfer factor can be estimated for I-131 and Cs-137:
TF= 3 x1073d/1 for 1I-131, and
TF= 7 x10-%d/1 for Cs-137.
A, for I-131 is the result of fitting the calculation to the measurement and for Cs-137 is
based on the biological half-life on milk of 3 days provided by GSF. f, and f, are evaluated
from the experiments by R. J. Garner (1960), L. B. Sasser (1966), S. Miyamoto (1972)
and F. W. Lengemann (1961). L, milk production rate, does perhaps not vary more than

a factor of 2.
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Design of Environmental Monitoring Programs

Osamu Narita
Health and Safety Division, Tokai-Works

Power Reactor & Nuclear Fuel Development Corporation
4-33, Muramatu, Tokai-mura, Ibavaki, 319-11 Japan

ABSTRACT — The same principle is applied on the design of each environmental
monitoring program, but the scale, frequency, items and other individual terms of
the monitoring differ from each program.

Concept and structure of the design are constructed with some main consider-
ations based on the objectives of the monitoring and relating source installations.
According to them, program details are set up for the appropriate terms of each
monitoring requirement.

The basic considerations required in the design of programs are :

(1) the objectives of monitoring (object population, source, phase of operation of
the installations and assessment indicators) ;

(2) the characteristic of the source installations ;

(3) social and natural conditions of the monitoring area ;

(4) identification of the critical groups, radionuclides and pathways ;

(5) estimation methods for measurement results and assess methods for monitor-
ing results ;

and the major requirements to set up program details are :

(1) monitoring items ; (2) sampling and measurement points or area ; (3) sam-

pling frequency, methods and quantity ; (4) interval and nuclides for measure-

ment ; (5) chemical analysis methods, equipments and detection limits ; (6)

limits and levels relating to the monitoring ; (7) methods for recording and

reporting ; (8) methods for data interpretation and dose estimation ; (9) model-

ing and monitoring ; (10) quality assurance.
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Interpretation of Results of Environment

Monitoring Measurement

Tadashi Tsujimoto

Research Reactor Institute, Kyoto University
Kumatori-cho, Sennan-gun, Osaka, 590-04 Japan

ABSTRACT —The interpretation of the results of environment monitoring mea-
surement is carried out on the basis of one model which describes quantitatively
the relation of the measured quantities with the estimated quantities. In the
measured quantities, their reliability becomes an important factor, and in the
model, its validity is important. In the reliability, (1) the statistical errors due to
radiation measurement, (2) the assurance of monitoring quality, and (3) the
variation of background are the main factors, and these must be minimized as far
as possible. In the model, various factors enter, therefore, it is necessary to do

interpretation based on the contents of respective factors.
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Guideline for Environmental Radiation Monitoring

Tatsuji Hamada

Japan Radioisotope Association
2-28, Honkomagome 2-chome, Bunkyo-ku, Tokyo, 113 Japan

ABSTRACT— The Guideline for Environmental Radiation Monitoring was estab-
lished in 1978 by the Nuclear Safety Commission for planning the monitoring
program for nuclear facilities by the competent authority of local governments.
The Guideline has been revised this year according partly to the radiation
protection regulations revised in 1988, and partly to the 5 years’ experiences
since the revision of the Guideline in 1983.
The main points which have been changed in the present revision are !
to adopt SI units;
to adopt effective dose equivalent and dose conversion factors of ICRP Publica-
tion 30 ;
to modify scope and objectives of monitoring;
to revise siting conditions of the meteorological station;
to take the “normal range of variations” as a reference for further investiga-
tion;

to emphasize the role of quality assurance in environmental monitoring.
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Source Monitoring

Shigeyuki Wada

The Japan Atomic Power Company
1-6-1, Ote-machi, Chiyoda-ku, Tokyo, 100 Japan

ABSTRACT — At the present, in Japan, 38 nuclear power plants are under opera-
tion.

They have been designed to limit radioactivity in effluent to levels that would
keep resultant effective dose equivalent of persons living near the plants to equal
or less than 504 Sv per year.

The Nuclear Safety Commission provided the guide line for the measurement of
radioactive waste to keep a fixed standard of monitoring the radioactive effluent
in nuclear power plants. For examples, gaseous effluents (noble gas) are continu-
ously monitored by stack monitors, and liquid waste is sampled at final tanks of
each liquid waste treatment system to analyze gamma-nuclides, tritium, etc.
before it is discharged.

The quantity of gaseous and liquid effluents has been gradually reduced year
and year along with improvement in soundness of fuel and various measures taken
for reducing the releasing radioactive materials. Now, the level of released
radioactive noble gas is below several 10 Ci, iodine-131 below several mCi, and

liquid (except *H) below 1 mCi.
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Environmental Radiation Monitoring by Local Government

Mitsuo Yoshioka

Fukui Prefectural Institute of Public Health
39-4, Harame-cho, Fukui-shi, 910 Japan

ABSTRACT —Environmental radiation monitoring have been carried out by local
government in Japan to secure safety of public health. Since Tsuruga nuclear
power station arrived at first criticality in 1969, 12 reactors at 4 sites are under
operation in Fukui prefecture. We have measured environmental radiation and
radioactivity in seafood and other various samples collected around these facili-
ties. In the early days, exposure-rate with survey-meter and gross beta-activity
were applied, but nowadays, real-time monitors with Nal (T1)-DBM and te-
lemetering-system are used for the former, and ¥ ray-spectrometry with Ge semi
-conductor detector for the latter in order to evaluate external dose and internal
dose due to inhalation and intake. Instrument for accumulated dose changes from
glass-dosimeter to TLD. In the various samples, aerosol, precipitation and some
plants as indicator are important concerning the concept of continuous monitor-
ing. %Co, ¥"Cs, '*'I and *H have been detected as contribution from facilities, but
these concentration become lower as 1/10 as the early days. The significance of
the monitoring diminish for the reason that radioactive waste and environmental
concentration decrease and it become possible to estimate these concentration by
stack of experience. Atomic safety committee announced officially the guide for
environmental radiation monitoring, in which, the target of it were showed Dto
evaluate dose-equivalent of public, and @to investigate the accumulation trend of
environmental radioactivity. The guide proposed Gtarget to serve for estimation

of influence originated in unexpected release and judgement to strengthen the

R
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monitoring, after Chernobyl accident. Therefore, today’s significance of the
monitoring may be very important as supervision and countermeasure to accident
because inventory is very large and the situation is continuous between normal
operation and emergency. We are improving the monitoring toward more reason-
ably, systematically and automatically, for example, real-time monitoring system

including continuous aerosol monitor, because of primary, character and effect.
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Environmental Monitoring around a Uranium Enrichment and Conversion

Plant in Okayama Prefecture

Eiji Yunoki
Okayama Prefectural Institute for Environmental Science and Public Health
739-1, Uchio, Okayama-shi, 701-02 Japan

ABSTRACT—In 1955, an outcrop of uranium ore deposit was discovered at
Ningyo-Toge, Okayama Prefecture, Japan.

A uranium enrichment pilot plant was constructed in 1979 and the test opera-
tions has produced about 3% enriched uranium. A UF, conversion pilot plant was
also constructed there in 1981 and has produced UF; which is supplied to the
uranium enrichment development plant which has been running since 1989.

Environmental monitoring has been carried out by Okayama Prefectural Insti-
tute for Environmental Science and Public Health since 1979. The environmental
monitoring consists of the continuous observation of environmental gamma-radia-
tion, alpha-emitters and fluorine and of periodical sampling of river water, soil,
vegetables and so on.

Reference levels have been established in the environmental monitoring plan.
These reference levels are not a limit and is used to determine a course of action

when the value of a quantity exceeds or is predicted to exceed the reference levels.
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Environmental monitoring program carried out by Okayama Prefecture
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Results of measurements in the last two years.
ERyHRE RO R E RS R (BLfE © 4Gy/hr)
WRHI634E PRITE gg g'g Hw om
4 5 6 7 8 9 10 11 12 1 2 3| m B | BEME
WEMGHK] 720 737| 72| 74| 744| 720 744| 677| 744| 74| e72| 744|8.702 | 8,751
" % % 1 0.088 | 0.094 [0.204 | 0.100 { 0.101 | 0.089 | 0.109 [ 0.109 [ 0.113 | 0.129 | 0.090 | 0.084 | 0.129 | 0.113
# 45 il | 0.059 | 0.069 | 0.069 | 0.070 | 0.066 | 0.066 | 0.067 [ 0.055 | 0.050 | 0.044 | 0.039 | 0.046 | 0.039 | 0.042| g
F # #)0.072 [ 0.073 [ 0.073 [ 0.073 [ 0.073 | 0.070 | 0.073 | 0.072 | 0.064 | 0.062 | 0.051 | 0.064 | 0.068 | 0.071| +
WEsk| 79| 720| 77| 74| 74| 720 748] 57| 743 744| 672| 744 sees| sras| 0087
’;ﬁ % ® 1#0.060 [ 0.068 | 0.073 [ 0.076 | 0.075 | 0.064 | 0.086 | 0.077 [ 0.073 | 0.099 | 0.055 | 0.060 | 0.099 | 0.089
| % 15 5 0.037 [0.045 { 0.045 [ 0.045 | 0.045 | 0.045 [ 0.045 [ 0.034 [ 0.030 | 0.030 | 0.025 | 0.030 | 0.025 | 0.023
¥ # fl ] 0.047 [ 0.048 ) 0.049 | 0.049 | 0.048 | 0.049 | 0.050 | 0.048 | 0.040 | 0.041 ] 0.035 | 0.043 | 0.045 | 0.046
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BE/k s DR GHETLRIRE
(7 - U—238 : 10~°Bg/cm® Ra—226 :10"°Bg/cm® Rn—222 : Bq/L)
o sk HEPNR 7K % K ok
K 4 Pt | : B
it |G| e | PR x| | e | & 4
&u)
HEHK 12 16 4 14 4 4 4 4 4
5 U 0.05 <0.03 | <0.03| <0.03| <0.03 0.03 | <0.03| <0.03| <0.03
# | Ra | 0.52 0.93 0.22 0.56 0.96 0.37 0.33 0.26 0.33
& Rn 2.7 1.8 0.4 2.3 1.9 30.0 64.2 1.9 10.6
2 U | <0.03| <0.03 | <0.03}<0.03| <0.03 | <0.03] <0.03| <0.03| <0.03
% Ra | 0.00 0.07 0.00 0.04 0.15 0.00 0.00 0.15 0.04

Rn | ND ND ND 0.2 0.9 20.2 | 41.0 0.9 5.9

U | <0.03]| <0.03 | <0.03| <0.03| <0.03 | <0.03| <0.03 | <0.03 | <0.03
0.22 0.37 0.11 0.22 0.44 0.19 | 0.19 0.22 | 0.19
Rn 0.9 0.7 0.1 1.1 1.4 26.1 53.9 1.4 7.9

U | <0.03]| <0.03 | <0.03| <0.03| <0.03 | <0.03| <0.03| <0.03| <0.03
Ra | 0.19 0.22 0.11 0.11 0.41 0.04 | 0.07 0.04 | 0.11
1.8 1.2 0.2 1.7 2.1 31.2 59.4 1.5 7.0

U 1.1 - -

Ra 3.7 - -

Rn - - -
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MEL, TR|PORGHETRRE

(BAL : Bq/g/R&)

i & L +
B # ] | s .
i - ; 4 .
_tmmmfilrﬂdiﬁ7kﬂiimj:5kﬁfi
B 1F 2 2 2 2 2 4 4 6
& & @ U | 0.015 | 0.037 | 0.041 | 0.026 | 0.019 | 0.056 | 0.037 | 0.085
Ra | 0.052 | 0.115 | 0.063 | 0.044 | 0.026 | 0.089 | 0.070 | 0.170
R OE @ U | 0.011 | 0.033 | 0.022 | 0.019 | 0.019 | 0.030 | 0.026 | 0.022
* Ra | 0.022 { 0.104 | 0.052 | 0.030 { 0.022 | 0.026 { 0.052 | 0.063
T o @ U | 0.015 | 0.037 | 0.033 | 0.022 | 0.019 | 0.041 | 0.030 | 0.056
i Ra { 0.037 | 0.111 | 0.059 | 0.037 | 0.026 | 0.059 | 0.059 | 0.107
U | 0.011 | 0.037 | 0.037 | 0.022 { 0.019 | 0.033 | 0.026 | 0.052
624F- B iy
el Ra | 0.037 | 0.048 | 0.044 | 0.037 | 0.033 | 0.048 | 0.052 | 0.078
u 1.8 1.8 -
BRHRE® Ra 1.8 0.74 -
EE O BEHETCRIEE (84 © Ba/kg)
X 2 WOR|F X Wk B 8|k B
TE 4% 2 4 6 2
& # M@ U | 0.006 [ 0.014 | 0.020 | 0.099 | 0.041
= Ra [ 0.019 | 0.048 | 0.011 | 1.40 | 0.27
U | 0.003 | 0.003 | 0.020 | 0.027 | 0.026
{4
5 € Ra | 0.005 | 0.033 | 0.011 | 0.36 | 0.10
U | 0.004 | 0.009 | 0.020 | 0.053 | 0.034
a6 Ra | 0.011 | 0.041 | 0.011 | 0.74 | 0.19
U | 0.002 | 0.006 | 0.006 | 0.040 | 0.010
6245 8 3
L Ra | 0.022 | 0.048 | 0.085 | 0.53 | 0.13
HREREP DL - RiEE
X 2 n | WA | BIEME | PE ﬁlfffw% BB ASE (WA
x 110} <0.1 [ <0.1 |<0.1 [<0.1 {3.3(10-*mg/m3)
BE[@ I k| 4] <0.05] <0.05] <0.05| <0.16 | 1.5(mg/1)
Aldk B A&|16| 0.6 | <0.15] <0.24| <0.26 | 0.8(mg/DiEAE
gt 3220 130 170 187 —(mg/kg%)
gk B E) 2]330 250 290 365
b +| 2360 360 360 390 —(mg/kg#)
‘x * #H +! 3|18 120 157 217
R 2| 0.8 0.8 0.8 1.0
Blavvvyy| 2| 5.4 3.7 4.6 | 10.1
Elg|rryra]2| 82| 45| 6.4 | 27
Wik K | 1[<05 [<0.5 [<05 1.0 | —(mg/kg#z)
w | B = ¥ 4] 46| 3.7 | 42| 5.1
®|= vl 2| 3.6 2.9 3.3 3.3
i 4 #| 1| 10.6 | 10.6 | 10.6 4.5
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Enviromental Monitoring in Radioactive Waste Management

Takehiko Ishihara

Radioactive Waste Management Center
8-10, Toranomon 2-chome, Minato-ku, Tokyo, 105 Japan

ABSTRACT —Environmental monitoring in radioactive waste management in
Japan is reviewed. In Japan environmental monitoring is for radiological protec-
tion purposes, and encompasses monitoring for surveillance and for compliance
with authorized procedures. Routine monitoring is carried out by sampling and
assaying sea-water or surface-and ground-water, sediment or soil, and biota.
Being the radioactivity concentration very low, it is usually necessary to assess the
radioactivity and radiation dose using calculation model with input data.

During 19705 preparatory operations for deep-sea disposal of low-level wastes
were conducted in the northwestern Pacific Ocean near Japan. Physical, chemical
and biological monitoring of the marine environment in the candidate sea areas
was carried out, and the environmental impact was assessed on the proposed
experimental sea disposal of low-level wastes with small amount of
rodioactivities. Japanese Nuclear Safety Commission had concluded that the
environmental safety on experimental sea disposal would be preserved sufficient-
ly. After the experimental sea disposal, post-disposal environmental monitoring
and following-up investigations of the disposed waste packages were thought to be
carried out. Based on the overall evaluation of these activities, the full-scale sea
disposal operations were considered to be started consequently.

Considering strong oppositions to the sea disposal plan, Japan changed the
radioactive waste disposal policy from sea disposal to ground disposal. In 1984

Rokkasho-mura site in northern Japan was selected for shallow-land burial of
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low-level wastes. Preoperational environmental monitoring on ground and on
coastal sea are being conducted. Revised design of the disposal facility have
surveillance channel under disposal trench for early detection of leached water
from waste packages. Environmental monitoring will be continued for 300 years
after the facility shutdown on ground and on coastal sea by the waste disposal

business company.
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Person-related Environmental Monitoring

Tetsuo Iwakura

National Istitute of Radiological Sciences
9-1, Amnagawa 4-chome, Chiba-shi, 260 Japan

ABSTRACT—The main object of the person-related monitoring is to assess dose
equivalents in circumstances where there may be several sources irradiating same
group of people. There are also widespread or diffused sources which usual
environmental monitoring programs cannot be locally focused on.

There is also possibility to increase numbers of separate sources related mostly
to technological development. These person related programs are characterized by
wide geographical coverage and the capability of detecting almost all radionu-
clides that could be found in the environment.

Natural radiation, fallout from atmospheric weapons testing and long-lived
radionuclides released from the nuclear fuel cycle are worldwide sources of
exposure of the public deserving special attention.

Monitoring programs are required to determine the dose equivalents due to
these source and their variations in space and time, to detect change and evaluate
long-term trends of the relative contribution of each source to the total and to
provide information to the public.

Another widespread source is consumer products containing natural or artificial
radionuclides for sale to public. Once the product is distributed to the public, there
can be no control of its handling, maintenance and disposal. Radiological asses-

sment must be consider before distribution.
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BERBETRE100mCi/km?ll EDBA, SREMOLRE, RA~DHEHE

(ii) YEF =/ 74 Y FFEEH(19864F5 H~)

B1Cs & 1¥Cslz D T, AR, 370Bq/kgll
RETH %,

Fxv ) T4 )EROBE, bYETRZA—T T Mo 5 EBOKSTREFIRIE» L b
DTH-IY, YEEHRLIII—vy QL DETE, ABRESREERIILZ 7x—27T
Y MOBERTRLRABEOHRZHY, RMAMCRZNORBFLU LIS INFERLPEL R,
ZOER, BHRAGBTIIMSFEFTLEOLVNNVIZERIIRSIEEPELL I LR, WARY
DBETREF AR VE L 12 - 72, bHETI, BAEHD, 19864 5 A [ RSEDOBEEEZHT
AIRET 2 &Y, BMATTOHMREL L TOEERELZHRIT LI, RERXEDIZDDE 2
F, RS, HEHINLHREZERR?IDMEY T, ZOHKR, HHEMIX370Bg/kgt REI N

120, ZOEEMLREREDORTER, B NI, conservativek HET, MIARSDIE
BUZ & 5 IRRE Y, ZAROMA KT 5 FFERE (19864 DiERT500mrem)D 1/ 3 LIF

K2 EARSORSTEEEETE) OFHEFE

5.4X10~5(mrem/pCi) X 1.4(kg) X 35(%) X A(pCi/kg) X 365(day)
<500(mrem) X 1/ 3 X66(%)
A =11,389(pCi/kg)  A=10000(pCi/kg)=370(Bq/kg)
=421.4(Bg/kg)
5.4X10~%(mrem/pCi) : CsD & & o x ¥ 5 B 7%
B THh D Ces & U CsD ST HERFE 1
1:2»08E
(7.5X1075X 1 +4.3%X107°X 2)+ 3 =5.4Xx10"°
(**CsD & izt T 5 BEAREKIL, 7.5X107%(mrem/pCi)
(BCsD & F Xt T 5 BEFEKIZX, 4.3X10-%mrem/pCi)

1.4(kg) TEHEIALIBYEYOARENRE

35(%) CHARROEIS

A(pCi/kg) CEA RSO BT

365(day) D1EDHEE

500(mrem) CHRERE (25)

1/3 CHREREDS bERD L OEBORIYS THA

66 (%) CREYLOSHWREBED S LORBTDCsI & F1¥Cs
26 DHIFDOE A
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-5 ABE#EzE=sYy>

RI  BEPHREGTREGEREEME (N2 v v /kg)
I a—mny 3eEEEC)

FLaE | —AEs | KRR
PR NIV 7N 125 750 100
£H5%E 500 2,000 100
77 7 %EPul ) 20 80 10
Z D108 LI E 1,000 1,250 200
(troank)

RICL, WMHADRBIOI D DEEHREL LT, AMRRED €
YU LINONZ v, —fRBEEFL ST L6007V ET B,

I iR ERERE(WHO) T O
1 Sl#ftFRCbET0T

Sr-90 I-131 Cs-137 Pu-239
X 920 1900 2800 23
41 670 1400 2100 17
+H 5400 11000 17000 13
L3 1100 2200 3300 27
e 5400 11000 17000 13

2 —ALTBES AL

72F=F Zz DD
w it i ($2/kg) 200 20,000
AT #% £ 40($0. 2/ ke) 20 2,000

Il EHESEREEETFAO)DE
ERPORSHEEBCE T 2ERMK L~

(IRALF)
WA REFELIEE
Sr-90 70 20
I-131 400
Cs-134 350 50
Cs-137 500 100
Pu-239 10 2

CHIAAIZ L REANLELFTLLILDTH S, 20%, bATETI, ICRP Publ.26 £ 1985
FD0) FHTHRRS V[ AROENR AHRBELERE % 1 mSv/4 (100mrem/%F) L 5 | %
ENE~ROANSE I L E o1, WATROYERERITHRIZIZ 1 FE2REIC19874H10A,

FRIEBRE DR SR ORRGE & BRI BI T 2 RET VT ONICER, I —v v Sy A
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(5 I VN
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Chemical Species of Radionuclides in the Environment

Y. Muramatsu

National Institute of Radiological Sciences
Isozaki 3609, Nakaminato, Ibaraki, 311-12 Japan

ABSTRACT —Behaviour of radionuclides in the environment depends on their
chemical forms. In this paper, radionuclides such as iodine, technetium, plutonium
and ruthenium are selected and discussed on (1) the possible species in the
environment, (2) influence of the chemical forms on the environmental transfer
of the nuclides and (3) speciation of the nuclides in environmental materials.
Special attention was paid on radioiodine (*3!I or !2°T).

Radioiodine exists in the atmosphere as inorganic gaseous iodine (I, IOH),
organic gaseous iodine (CH; I) and particulate form. The major chemical species
of iodine in the aquatic environment are thought to be iodide (I") and iodate (I0;7).

Deposition velocity of I, from the atmosphere onto vegetation is about 100
times higher than that of CH,;l. The availability of I~ from culture solution to
plants is much higher than that of IO;~. The sorption phenomena of I~ and I0;~ are
different. The behaviour of iodine in soil is also influenced by its chemical form.

For the speciation of atmospheric iodine, filter paper, silver screen (or wool) and
activated charcoal (TEDA supplement) are used for the separation of particulate
iodine, I, and organic iodine, respectively. For the determination of chemical
forms of iodine in water samples, the following three methods can be used ; (1)
precipitation with AgCl, (2) separation by anion exchanger column and (3)

isotope exchange method.

T
e i
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1 LI

HEHERE DR D T OEEFB T E~DRBATIX, BT b 2 D{bEEIZ L Hh RS
BraZl ity TrHans, 20w, T=X ) 72554, BEXRET AU TRL,
BHEOGAEBEBIIOCTOBRER LY TENE, Z0rHACT, & Y EBRCHILLEET
NEeREL, HWRBBOMELPRIER(ITI I LTREE L S, L LEIRTIE, (L¥EHER)
SRR BIER I BADEL, TR ) U2 ED B I LIRREL V. 3 ORI B
RF—R BT ILPRETHA I, I I TREELBSEEREOOREF COFERE, @
BRIEPT ORI RIETILEHORE, B0, OB EERCE L TRESLATY
2ERFP I EDAIELET A, BEE L TR, BHLt¥EERPL s LCHONEaVE
(1, 2DE LI, FZAFT LTe), Fv =T A@E@29Py), KIS, V7=V A(1%Ru,
WSRUIZD TR~ B,

2 3 v xE

2.1 FHIETER
avERETFMELT, -1, 0, 3, 5, 7fizty53, 20w, REPTHEL LLE
By L2 LY TFHRAING,
FHEIAVRDORI[APTOFAEEEL, ®a v R, HO), GHavE@vIEAFv:
CHLI), KT (% R MEEITRE LIHRE) TH 5 2 LN T 5, KAFORE 2 v KO
FRELLTEBELELZONTE Y, kD 6 RA~DBTREICE L TIXEHNYH 557, &
ET, EBECE Y AAEMERORBRA#KI VECHDYERK SRR Mb 2 L3 3»A
HTH 529, 12, CHIDRALE SR L VL, PHOIZOER I VRV EL 2 LEL R T L
249, RAHORE IV EDILEEEBAIGHF 2R 1 R T, BRFAERTAEL 5 kEHEa v
LI LAY EET 57,
EROBERCORSHES VEOFHBCEL TR, Fv/ 74 ) HEiRERC AR L
THRES NN TOMEY D S, 22 5 L, BARGEMN T, KK vVE 19
%, I,: 5%, HOL: 6%, AMa vE 0% THY, 12, FEM(I 2~V ITDOHHT

®1 KAH D3 v ROLEHREIRE(ngl m—)

HEREL AR EE Rk X #
XE v 4 $(Oahu) 4.4 13 6.4 Butler (1986) ¥
XE 7 4 M(Mauna Loa) 2.7 5.5 0.5 Butler (1986)
KE 7Y M 5 11 1.3 Rahn et al.(1976)®
KE & =M 12 5 2.8 Rahn et al. (1976)
#F & N.W. Territories 3 0.4 0.2 Rahn et al.(1976)
W3 a0 —X 28 17 3.8 Rahn et al.(1976)
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m—1 BREFTO/LERE
FITI, RFRI TR 40%, 1,:35%, ARI VR I BKTH- 12, WEDMIENDH 5 P,
RIS LECLL A b OPEPIOCTRAHETH S, LL, ELLDF—&2»06 b,
ARAHBOBSEa VEOEHEL LT, FHEF, B8, RC, BFPROZEIEETS
LEBL»THAH S,

Kz, KPTOMERB IO TR, BRPOI VRO EMICRE LILFBIXIO,
(BUVRBAA ) TH B, L, FRCREBKRTCIEDEEEALIZD, B3 h, —#
DI (I UAHA & )l 519, AJIIKRPHARFOI VR LIO LI OFEE L LELZON
353, GAFIH AL CIZD I AT 3,

F7K P OREHER UV EDOMLFHEBCEL T, EHOVRZF o vy 74 Y FiREFCREN TR
WLIHAFOUIZRZELIZ[E 1), ZOHER, RMFR¥S(ME»T, BEAEYA A 0K
(1=, 10,)Chotc, 27, MOBIRLTH S, 5A14H I LRIk % 2 0% B
LIcfE L, L2BMMRELREESETOME 2% L, RFECL 310, 61 ~DE/YRL N
2o THNRF/ARPEEINIDEI L RBEMCIP3RTEEHALELONS,

BEMERVER b —F—t L THCLERIZ L b, 561211 K10, DK, 7K, 7k
BB BREE DG TR 2) MRS TI, 10, P E kT2 2 LD L A
e, COEMEEEY Z{EATTEKRTHETH- 12, Lrl, MA(ERR, 29K 2l
BT EPEHRT S LIO » oI ~OBLDBARBL LI, 2O Lo, AYOIERIZ L b 3
URVRIEINSG I LVHEIND, WAKRRUKEARTRIO L LTMAR v —F—DiE>
WRETDH- 12, FRKEKRDBEARCLEEATC 5120, [H 610, ~DHE ELHTED
Ll L L, —HEES€RKEKRTIZCLY RPN 2 2»I0,~DEILIZA L hith -
AR

HEMRR TR L TOF— X b ds, THGWHIT- I/RRBOED v a i 5
BEDRD AL L IEBGTHO 752 a izavVEPFEL TV BZLIREDL F
YRTHB LHEEIN S, 72, BEMEI VRO Z LB E MU TRRRZ ST 2 &, 7KRh

Sampling date

Particulate 104~ 17 others
1 May(z)* 1.9[ 64 J 25 Lg ]
1o ay'® 3] s | 35 el
2y 13] 27 | 72 <8
16 May(n 2.4 50 | a9 k10

1 Fan/ 74 Y BEGERT 5 P IOFKPTOILER
(19864 5 A AT = TIRHR) ,
* DRI O 3 HT & TORBLORTEH K,
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g 100 ———t o &
:6 -
e L 1 , «
(%) ®  Old rain water (fittered)
3 o Fresh rain water
g s v Ol rain water (boiled)
>
s 50} 2 Old rain water
e 4
Z 4
0 A L i
5 10 (d ayJ 15
& 100 N n -
O\
g \Z O%
- o) S T,
o 10, o
o
£
8 50
e
(o)
0 T i L 1
5 10 15

(day)

2 Fikdcl a1 LIO, OREME

EHMRUETIE» CHEI U RISERT 4 2 LD LN, HEEHENLEEEI YR
25, LA D 5 CIIKRROERIC & Y Aia v RCH.DICELL, ZRPIRTRIZb DL
ZziLNn5,

2.2 BIBFTOEBREILER

KA S e ARKBEHES VREDODANGF~OBITREEHET 5 LTOEEL YT A —
Z2D12E LT, WEIRIED ~DIBREVET LN, K& ®E (deposition velocity)id,
BATRREY Y B ER OB LE LI a VR AZTOa vRIRETE - LETET(V],
cm’g~s ™), 3 72, BATEROME CRE T 2 HPLE~OLERL ST L L TROTHAL D
%5(Vg,cms™), EEH LD N—F T o REBRERT W, LOWEEER, vV v ETH0.9
cmigls™l, KRRDEIT, 0.1~0.2cmig s ' Th - 1219, —F, CHIDLEHEEEL, Zho
LOBIRNESDO IBELHACHPIINIC, 2D LR, LD HCHILL b b i35 5 il
CIELBCI EZ2ERT 5, L L, CHURIEFEE /D3 w23, BEE DS Ic0D, £
FDFHFDEKRDEE~FBATT B FIA LI RI0EREE D - 12,

BB & 2 (2= F)~OBTEZ BIMEI VEE b v—F— L L TR TSR
BT L W PASIRERYE 3R, ORI 6, [FDE 5 510,71 = THIMI~ O BAT DS
BOI LS s, 20ER, BB EEECTH- 1,

AVEROLEFTOEMFP VS LERTHSIHNBLOOER L 5 L, ITLIO, TIRFRE
NRE—VIIREIBEVDH ST, 212, aVEOTERFLEERYE~OREFR, ILI0TE
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-1 ZREPTOLEEE

80 | —
O -
7 - i
7 103
60 - Roots
Rl
5F ® 5
s
Fol
o =
540 Shoots 2 40r
it [¢]
- <C
g 8 i
g
2Fr 20 |
1P u B
%//
7 78
23d 35d 40d 23d 35d 40d
Plant age (days after seeding) Plant age (days after seeding)

3 KB B ARERBEN 2~ Y F~DI L10,-DRAT
{Activity ratio : 1 HIRINS € 12340 2= F hdactivity & 7kEh
W& Dactivity £ D H)

CHTERD G 7,
WD O EREEYN~DOBF IOV TIE, DR DT, It TR, AL LItV AE G
CEVLIEREHRIRTWL 39,

2.3 WEEADEE

KEFDOBGHES VROHEBHFEELE L LT, BTRETRKREDT 5 5 RO, ¥R
RS OIM»EME LAREB AT HEYD B, RIER, FRAMNeRHETEI 74 vE—
HWoart, FARIVEPHETAEERY— VY v I BRI T 3, EHERIE, 8
EXE L2 tEMavROREMRITH R0, TEDA(MV=F1L P77 IV) 2RES
TEB IV ROMEDELEONEEREACE I LVRETHE, REDT ARSI L
LAY BAEAR, RNTRIVREZANEI—THEELIZH L, AR VR ZBREMN %
W, ML, HOI) L AR (CHSD 243 3 Maypack¥ > 75— v 5 FETH 5., %
EMELTHCAWBMEE L > TH R 2%%, Noguchi and Murata® DI TR T L, I,
PHRRA2Y) =, R, HOLREHER 7 4 v & —, iR A= VR %2 TEDAREEMER » —
FY Y ITHELTVA, 12, KellerE™i, L¥avithFIva, HOI#3—F 72 /) —
v, AEavREBREF A N THET 2 HER LTV 5,

BRI ARITOFEERE=X) 7Tk, ELLT, 74 v EZ—iCHEIRIBFRK
SHEIVRORUZELPITbr TR, ARLI L 312, NFRavEDEARIL AR vE
DRI H~RDLRCERIZH Y, 270, BTRESRAROEA L —ETIRE G, 20w, K
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FRIVERQBEMED AT, AAPOBRGHEI VERREOIEL BB L - ELRbR S,
Bt a Y RORAD 6 BRIEM~OBITRY TH LBRGEE P HE T 2354, KAPOF 2K
SURDOBENLREL LB, ZO2HItY, MFRICUTERL, FAKIVEORHENLL h
%,

IR OIEFBEHE S VR LI0; ) DILFEB I BERI, (1) IERGE, (v)4 + %K
BeiE % F 1232, () RINRRBRIEED H 52122210, (4 ) IERE R, BARIOCI-DOFET
TAg*®MA 52 Eilk W% AgClE LS €10 b LT 5 HETH 5, (v) 4+ o2
T, B4 A g AT Z R L, [T IO, 2 —HEG R S ¥, ki, kgL b
VU AERANRE) 2 721338 b7 b Y U 28K (5 %REE) 2T - L2 IO, Z gD 6
BEES S LOSEERITI FETH 5, () AMIERRER, RIORTILL, REFI0 1D
FINARZ RN EEDOZEZFIAL Tv 5,

*I-+1/2L == ["1/2*L(#H)

10,7+ 1/2 I, === 10,"1/2 *[, (&)
HEHHLPPHC T3 EROSHRIEE L LT, L2E» LI2IUEILRE (0.2mg I,/ml) &
FEHEG e oo — VR TIRE 5 3¢ 5, EELORIDIZ & b ¥k, TEALRRPOREI VR
() LB E 222 L, LYBEI-H27:0I3 LA EVIBELRFMCE S, ZOHE{ER 3
PR OET Lz L b, PO EEyTRRHEREDY R s, Lo L, IO DB/ARIE
DRMISHZ { B 12ORMIZEE 5,

3 FIORFUA

3.1 REBEFTOFEMRE

JEFAlE 1 ~ 7 M2 R T 5 0%, BREEHCEUN S it A0 ELALFERRER, 7D TcO,~
(pertechnetate ion : 7 7 4 F Y 288) L 2 b s, TcO, RIFRPTRETH 555, BT
SNAIZED B ERBEDILAE k5, $12, RO &S LERELAMIERERTAK
35 5, I TcFs(VD), TcOsF(VID, Tc,O,(VI), HTcO, (V).

3.2 BEESRTOEEC(LFEHE

T2 FF VU LDEY~DBAT,  RUBEPTORENL, TMTHEET 55, 201, 446
BILSNTV A > TRI (R B, TcO,~ (7)1, E¥ O LF|HCIRENS B, W~
bAKE LS SIS NG, ZDIRHDIBEY~DECBTRERTH29, Ly L, 2P ORE
WEOBEC S VBILSN AL 5 L, RNEEDTCO,, 2D7KRIY, BALBMEIERS Q,
TR TBAT LIS R B, 20K, BEAL L ICIBIEES N, EY~DOBITHIETT
3, VbW s AginghR A G B,

3.3 MEMNSEEE
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Long-Lived Radionuclides in the Environment

Masayoshi Yamamoto

Low Level Radioactivity Laboratory, Kanazawa University
Tatsunokuchi-machi, Nomi-gun, Ishikawa 923-12, Japan

ABSTRACT—Various radiometric methods have been developed for the determi-
nation of long-lived environmental radionuclides (**T¢, '?I and the transuranium
elements) which are important not only from the radioecological viewpoints but
also from the problem of high-level radioactive-waste disposal. The main dif-
ficulties in the measurement of these nuclides in the environmental materials are
connected with their extremely low concentration and the necessity to separate
them from large amount of sample having a complex chemical and radioactive
contaminants. Therefore, the methods tend to involve many steps and to be time
consuming. Current progresses and problems for the analysis and measurements of
long-lived radionuclides in the environmental samples are presented in connection

with their monitoring techniques.
1 Iz

BRSO O RPBIIERE L I, — &S, HEFLC LETHULEOWEY
BiE b bR Lo UHESRRE TRE~OEM B E 3 N, KETEBER D O BEHREYFE
B Ry CHIBEL L ABEE ST I LV E0, Lihis TRYBMBREOREE=4) > 7’1k
RIIBELZ L T, REN» OMGIN L REMELITILEYVH 5 Z L THETU LN,
Zotzwicl}, WEE=XY) Y27 TUHRET 2B BHOREFAGEO T - REE, 36
ZOFBELED T—HLE=2) V/Efi L ZOHEHMEFELL TH{ 2 LVERTDH 5,

IITIR, BEREABBEOELREL 2 ok REMTREMORE - LB E bR L
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BRI AT CEE 1 R R SHERE
Long-lived radionuclides important on the studies of environmen-
tal radioactivity.

=1

Isotope Half-life Mode of decay Energy (MeV)
#Tc 2.14X10°% I'n 0.29

129] 1.57X107y I'n 0.15

#7Np 2.14X10°% a 4.79, 4.77
8Py 87.7y a 5.50, 5.46
23%Py 24110y a 5.16, 5.14
2opy 6550 y a 5.17, 5.12
1Py 4.4y I'n 0.02

21Am 433y a §.49, 5.44

V5 R RHEEAE(® Np, PulRIffE, *Am)icfEmZ LIy, RERB 2R L Lo - 3l
EEOENOIREERED Py 2 2 PR, AROE=XY ¥ ZERIFOREIZO-T
b s,

2 o - BIEE

—EEEd iy, EVIRETHEOFD O b b s L 5, 22 THY B 3 ESEAEE
99Tc, 1291’ 237Np’ Purﬂmw(zssPu, 239Pu, 240Pu’ 241Pu), 24IMﬁ§mﬂzﬁﬁf‘%ﬁﬁE L T L‘
5, ZhoDREE, 20KV BEDRABNKBERERBRO 74— 7Y M ThH 5,
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Nuclide (Activity pCi/kg. soil) (g/8. soil)
K -40 ] 2x10*
U -238 C— 2x10°*
Th-232 — 6x10~¢
Cs-137 E—— 1x10~*
Pu-241 =] 8x107**

-240 == 4Xx107"
-239 == 2x107"
-238 4X107"
Am-241 == 2X10""

Np-237
Te-99 8
1-129 (**1/'*'] atom ratio=10"")

1 [ SR L, 1 1
0.01 0.1 1 10* 10? 10° 10

E1

BARQ/KHETEEICE 15 BP0 B AR O TR 2 B
Average concentrations of long-lived radionuclides in Japanese
rice-field soils.
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—%, EROBRFNESRD 6 ORPEMREBOKHILIEE K, BREALCSVTI A, 7
=7V b OIS THEERTGC DY, REDRETRE 7+ — VTV b v ~vdiFE
T s 2047 - WEE»HRCERINS,

SWEEL SBEE LT, TR Te, I, Np, Pu, AmOERbFEFFFELZR2122 LD T
R o ISR KRR RERMAEYFEL L0, FOIER BRI C T2 OR{LRE LR

g2 F73FV4(Tc), avHEDE L TEBY I v ILEKND,PuAm)D 3 e LA
Some chemical characteristics for Tc, I and transuranium elements (Np,Pu and
Am).

LEn

OF I XFIA (Tc 13FRR)
P REFAUEBEELRY
P Mn, ReD L, ReDAH & U HABMELD 2
D7D S-1 i TORIERE, KREBUTWIRHRR
BUTETO BNEE. BRRBTUTAVINETE

0aAYER (I 53FBRXER)
P RBCRERAE ('271) BEE
AN = B B 3
THTHD S -1 CORILRM. —RBEE TR0 NEE.
I"BEU LDV CRETHYICH IREOERMBOLDD
HTRE
P RREHCRBREIIREA-BY
0 Ay R IVETS

RTV=Th (Np BERE) TLI =L (Pu 94FTH)
TAYYIN (Anm 95&THK)
P RBRCRERGENEEL 2L
P43 NS +7 i CORILIRM
Np  NpOe* ER5E
Pu : PuCI), PuCIV), Pu0i, Puol’ @4 ROBILRR
An o Am(ID) BERE

REEVTLThOAR SRSV THLY ORILRBE L 9,
TO¥HLAHH

LEEE LY, B1IORT & 5 EHEIEREAE b RS L K BRRIREHED 5 © IR ARBAHET D
B, 2O, WET 52X, vk HKEORED b DREHEENITHE - RIATRTD 5,
B ALFRIED S COWEPWIET 5129, —ERD b v—F — (GRRERHTECEZ L HE
bEDTRILAT)XHML, LLTOFIHETIThN S,

© HEOHIRHE, o - EH

@ BEHLEHIHE - R

® HIEHEOFE

107



108

£3 CPREHERO b v—F—

Possible vield tracers for the corresponding environmental radionuclides.

E:;:ggsg?’i';‘:; Yield determinants

Pe 99Mrc(6.0n, 1T, from 2%Mo), 97 1c(2.6x10%y,EC),**™rc(61d,EC, 8%, 1T)
Stable Re

129, 1251(60.3d,EC),311(8.0d,87) ,Stable 1

237y, 23%p(2.4d,8", from 233am),235Np(396d,EC,a)

238,239,240,241p,  242py(3 gx10%y,a),238pu(2.85y,a), 237 Pu(45.4d,EC,a)

Wy 3pn(7.4x10%y,0), 244 en(18.1y50)

242,243,204, 2 g 433y.0), 2hn(7.4x10% o)

228,230,232y, 2291,(7.3x10%,0) ,23%Th(23.14,87)

234,235,238, 232y(72y,a),236u(2.3x107y 0}, 230 (1 .6x10% 1)

226p, 2280, (3.664,0) ,225Ra (14.84,87) , 223Ra(11.4d,a) , 1 338a (10.7y,EC)

210, 20954,(102y ,0,EC) ,2%8po(2.9y,0,EC)

231p, 233pa(27.0d,8™ ,from 237Np)

137¢s 134¢5(2.06y,87), Stable Cs

53,63y Stable Ni

80¢o 7co(274d,EC) ,Stable Co

R4 REPT 74TV L-99DRE & ERDE L HFHEE

Measurement of environmental **Tc and its main internal research institutes.

(1) **Tc (T,.=2.14X10%, B E=0.29MeV)

ERTRRE

W€ 77 ik b3

HAHEAILFR

AT 99973904 B AN IO - YY) LB
RAANZ b X b Y-~ C1CP-HS)

NERE, NMKE RN 9973970 B HANHMAMN -(B7RT0-) gk, HEEE

SRAKLLRL
BED
iR

” SiEHERNE,L°IN-9)
” (E°nT-8) K, e
” "270-) gk

©°°Te 7, 7)o " Te(GRIL A3H)

©°°Tcn, r)'%Tc, 99Tc(n, n’)®* TcURMAILER)

O—it, REXBPOCTCRHE TR IBBERK TV SN
F-=yEhHTHRL



-2 R¥EEARE
@ WEB & I

LITRFHRS DM, 2051 - MIEELHEICR~ 5,

2.1 FIOXFIL
B O TcOEL BHIR LT - WIEES L URED L~ vizow TREORIH S E

2004

100+

Counts s

98 99 100 101 102
Mass Number {(m/z)

ICP-Mass spectrum of Tc fraction for the Okuetsu surface soil

Detection limits in several methods for the determination of 99Tc

" Analytical method Detection limit

Low background gas flow counting 1.5 - 5.0 mBg
Neutron activation analysis (n,Yy) 2.9 - 5.4 Bg
(n,n') 0.3 - 0.6 Bg
Liguid scintillation counting 25 - 30 mBg
ICP-mass spectrometry 1.1 - 1.4 mBg

B2 ICPEESFTEIZL 5 TEROPTCORERARY b Fl L REBR D R

Example of ICP-MS spectrum of **Tc for soil sample and comparison of its detection
limits.?
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A, CFRIZLTY, RICHECRIETS 5 v it 20oT, REPOSHPERICD
CTRAHLEY 2, BT, R4CRTHEEECOTcOM - MEEDRFTIED 6
nTkY, T, jEk EELZEORERBIOCTOFT—ZPHREING LI LTI,

OTCOREIL, & DHREIIEE > THART ANV F—0.292MeVOSRL I L L v 1z®
o, AL B ERE, BELT, BNy 22V Y NRARZPRAMN) 2L DiThNRA
ZEDEC, BEOREL~NVPECLY, KEORMPLET 4B DH Y, WELYEFL
L AED AL OF, KBEO®RGEAF VPRET 5 LVEETH 5, &k, RERFOHRE
6 21%, HEEHEREEREHC 5 L B O TR BB TRut TcOFBECK,CO: 2 &L T v A ) iE
W oDy Zzu~xd AP @EA L, ARTHEMHE, IM-HNOBF®L LTZ2D % 2ICP-
MS(Inductively Coupled Plasma Mass Spectrometer) CRIET 2 HEEZ#mE L TV 5, E2?
CEDEBARZ DR L RIBBR 2R T ICP-MSIIEH (&l 2 idz T H 5 %, #iic L8l
EiFEE L THEVRHT S,

2.2 aA9K
12901 DT, FROBEIDISE L 5, FEWITL.STXI04E LIEFEIIRVCOT, Kkl
®5 HEd I vE-1290HIE L BN E L HF7eHEE

Measurement of environmental '*°I and its main internal research institutes.

@ 179 (Ty=1.57X107, B E=0.15MeV)

ERTRME WEF ik R
HBEKRIEER maHE L v +ig

KRIEDH ” SHERERH
&R ” ”

Neutron capture reactions used for the iodine activa-
tion analysis and their interfering reactions

[Main reactions] [Interfering reactions]

N S A L
(n, 7) 12—:1—1-; Xe 1271(12’ 7) IZBI(n, .y) lzal(n’ ,y) 130]
235 (, f) 129] (g, ) 1301

¥ (n, )1 ﬁ—-’—):mXe 133Cs(n, a)'*]

ZHm 128Te(n, y)'®Te i 129 (5, 4)139]
127 B v ’ > ’
I(n, 2 n)'?] ——126Xe
134

01t BE 2 VR DORKEER
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FABHIE

A
. IR ED SR e
! i
< 1t
€ 0 Standard
3 @
o ]
g © = 0 1291 /127] »10-6
10? s <
il
n!_ ; .‘"V(W
l ! | o ®x

Soil

.
4 >

700

Energy , keV

|
600

§_.

Gamma-spectra of a standard, a soil and an alga sample, Standard sample containing 0.17 pCi of 2 1
and 1-mg of 2 1. Sail sample was collected from Tokaimura(B) and algae(Hijiki) sample from
Nakaminato

3 BETFREHMESITEC & 320 L CREVIORIEF®

Example of gamma-ray spectra for the measurement of '?°I and stable '*’I by neutron
activation analysis.”
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CREEIVEDEEFPERIITELELZONE B CRT LS L BREP O [V~
3, SITHY D ABEOP TRV, 2OMECIIRBBEL &, I/ 7RI ALD
BE b RT3 A PEFREMETHIRC HC 6N T 5 (RS, B39, 2OHETREE
HOaVER & TIREMEERNCEEL, ETRERI VROBSREY L T2 6 y#RRX 2 b
A MY =iz 9 UT,,=12.4 h)¥s & (T, =13 DZRIZET 5,

SURRERLR T, F1E OB LROBLDT, ABORLHE, S, EFHIZR
FRoERZII BEYDH 5,

2.3 BUSRE
By v EEDO® Np, PuUSLEC®PY, 2Py, *°Pu, *'Pu)¥ & U AmdD 5 b, SIRRGHE
TH 22 PulIA T R T REERTH 6, 2Dz, FRLBEAPERCTIE LA FBEMLE
R6 REREY I VIIEEE Np, Pullfifks & 2 Am)OHIE L EHNO 3 L HFFcks

Measurements of environmental transuranium elements(**’Np, Pu isotopes and
#1Am) and their main internal research institutes.

3) BY 5V nRxiE

237\p(a), Pu(23%pu(a), 2°°PuCa), 24%PuCa), #41Pu(B "))

80 m(a)
ERRPFIEHREE H5E 77 ik x5
KHEXIE Pu Am  aiEZNCHMOAN)- B &, AR
BMAILER  No Pu Am ” + 1%, HEfR Y
IR ALLRL Np Pu Am™* ” ”
&RAH Pu Am ” gk
Se™ Pu Am ” KRELBETY, dl, ik
=85 4 Pu Am ” BT, Ry
R E Pu CAm) ” gk, MW, A K
B Pu Am ” #REREFKB
Rifg Xkt Pu ” HEFR Y
BELHtIY- Pu (Am) ” BERESHR
.91 ¢ ] Pu ” BTY
WA ik Pu ” BEREHA

(BH#, &BRE)

FXAANRY b x b Y=~ (ICP-MS) ,i&4HE #7237 Np(n, 7 )2%%Np
HETINLE - RFANZ ba X bY —RRIZEEFEHNTOHA
@aigANY b O} — 238py, 239.240p,(239py - 2428pyqy 53 FIF TTEE)
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-2 RYEEE
R R, EFR afARZbuRr b ) —Cdo TRIEINS, TEHOEY 7~ TEH
BREORE L 27> T s ERNOELFIFRENYR6 (RT3 LA EORBETPub™ifs
30, DU THAMOHEGITbN TV 5, PLizow TR, TTERERMTFOIPUuOSHTEE =

5 -
2 of
~—4
X
z ® Np
=
g v
1F M Pu
. v M‘; A-A-ZA,?H
237 238 239 240
Mass number (772/2)

237

Example of ICP-Mass spectrum for Np in soil sample

Comparison of 2:‘,’-’Np measurement by ICP-Mass,NAA
and Alpha-spectrometry

Contents of 2*7 Np, mBq/kg dry soil

Sample Sm:;:ing
ICP-MS NAA a-spectrometry **

Soil samples
Okuetsu (0-5 cm) Jun 1987 13.0£0.42 13.4:0.73 -
Kanmuriyama May 1983 13.7£0.51 13.2+1.93 11.8+43.70

(0-5 cm)
Mikata (0—5 cm) Nov 1986 5.920.5 - 7.5¢1.0
Bikini (surface) 1976 (0.940.1) - 10° (1.0£0.1) - 10° (0.9:0.1) - 10°
Sediments
Ravenglass 1 Oct 1987 (2.220.1) - 10° (2.7:0.2) - 10® (2.510.1) - 10°
Ravenglass 2* (6.120.1) - 10° (6.30.4) - 10° (6.4£0.3) - 10°

(intercomparison

sample)

*The mean value obtained from 7 laboratories by a-spectrometry is 6.2£0.1 Bg/kg.
**Results taken from Reference §.

4 ICP HESWEHIZ & 5 LEDO¥" NpDRIZE AR 2 b b thDBIEDE & DR
Example of ICP-MS spectrum of %*’Np for soil sample and comparison of *"Np
measurement by ICP-MS, NAA and alpha-spectrometry.”
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SHADX PuORE L EETH Y, Thiz & YREPOPuDER, HFREOERLE #1752
WRELLAS, BE, CKO20OHETYBHRINTE Y, TOHFEOWMEL S itz
EWVEENG,

3 FMAEESEORE

INFTHRRTER LS CRAEDREHTD®Te, 2k & Y 7 > BREHED v~ viddk
RS, BLALOBAKRTBENERAEERHRD 7 +—nT7 UV POREZL> TV, L
12035 T, INOEEOUEIRI: L A RTFHBRBLOREARTH-> T, BERXFHFOE=
RYrZEe3dhdy, CLAREDZ +—AT7T Y b~ OHBRITIBL 2576, BB &
CHAEBRTOEEF DV TOMERE, Z20EMRYDH 6 » UDEBINREY L, 4ROE=%
Yo B L R ESOBEFMRTI T2 LhstiBbhns, BohF—XODF
filfits S L TIE, HREREOHAMED AL 67, ¥7Cs(™Sr)H 5 ik 2 2 THY S IeEN O
ETREHL (R15) b8 2 THAUCRI L, T 270U2{ 0BREEBA I LIVETHS, A
EFREHID 0TI, RAPOKSEMECREE(BEDEEZEDIVILEELETFD12TH
BRBAMHORE, RIICHIZ 5 BFERNOLIBOBEE L L TORE LSS L U
TIBEB/kg)D 122 - EHE(Bg/km?) DFMEVEETH 5. TsHUELEF VI L 518Kk
e THRTALDILEL S SFIA—Z—L LT, L2 k-AEEE-HED, 18-
EIDE3 112Dy PTF—XDTL 22 L s, o4 - BE ST, M
TEAMDEHCFEDOREIL L L b, (LFHE FERE) 2 TOMR #1585 HEO B
s, F—2OEEREEIT ) ETOEEREOIER S KYTH 5,

Befgic, BIR¥EL EOWEBEL, 217 - WEEOMR, REFTOREE), k¥~
Pr—F—LLTOMALERLELLTT->THY, REE=2) X272 EUHIRREIITDL
WS, 24—=FRNv2TE230RE, —7F, RHNTID 50, FiBHREPLEIERLC
FOTR, BREE=XY) 2L L THYERORBN L 7 4 — v FOF— 25, $ LRBWFEA
T, XECEHETHLE 20 TOPuDF— X8 ERHIN TV 5, U LR~ b ot .
LT, BREAEDE=2) 271, RUNBE DI LYEETHY, 20D EZD
RLLVENOF—X2BEBC I ED AL E L THRARCTHEL, » 0B RRETUTLT
WYL ELRbRS,
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ACTIVITY RATIO
0.001 0.01 0.1 10 10 100
238 I%9.4| l‘l]—lll' L] LA RAL S L] 1] '.llll'[sal L SRR ¥ TV Ty LR LR}
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Monitoring Techniques for *H and !*C in Environmental Samples

Yoshikazu Inoue

Division of Environmental Health, National Institute of Radiological Sciences
4-9-1, Anagawa, Chiba-shi, 260 Japan

ABSTRACT-Monitoring techniques for *H and '*C were described from the point
of views of determining the concentration in their chemical forms in the environ-
mental samples to correspond to the requirement in the revised Japanese regula-
tions.

Some guidelines to plan sampling programs were described with knowledge of
the behavior of *H and '*C including processes of their chemical transformations
in the environment.

The advanced liquid scintillation counters commercially available were shown
to have enough sensitivity to determine both nuclides with good accuracy and to
have advantages of simple handling and easy techniques to prepare counting
samples using emulsion liquid scintillators for *H and liquid scintillators contain-
ing organic base for C.

The sampling methods of water vapor, hydrogen and hydrocarbons for *H, and
carbon dioxide and hydrocarbons for *C in air were described based on combined
techniques of adsorption/desorption and oxidation processes using molecular sieve
for HTO adsorption and alkaline solution or solid for CO, adsorption, and
oxidation catalysts with following adsorption columns for both nuclides in hydro-
carbons. The combustion methods for determining *H and *C in biological sam-

ples were also described.
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Environmental Radiation

Shigeru Moriuchi
Environmental Radiation Physics Laboratory, Department of Environmental
Safety Research, Japan Atomic Energy Research Institute
2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibavaki, 319-11 Japan

ABSTRACT —The efforts to develope the practical techniques and methods for
evaluation of radiation doses both in the fields of practical radiation protection
and radiation research have been continued all the time to meet such a new
situation as the progress of dosimetric techniques and the changes of dosimetry
and risk concept. Up to now the various high sensitive gamma radiation dose
meaéuring instruments using Nal(TI) scintillator and high pressure ionization
chamber were developed, and besides, after the TMI-2 reactor accident in USA
the aerial survey system, for example, ARSAS (Aerial Radiological Survey and
Assessment System) was developed.

Recently in Japan, the concept of effective dose equivalent was introduced to
Radiation Hazard Protection Regulations, and the dose evaluation based on dose
equivalent unit was started. In practice there are many technical problems to
evaluate the value of effective dose equivalent, and we need various information
on characteristics of the radiation fields and a human exposed to radiations and
his behavior, such as, for example, age, sex, size, pose, etc. But in general it is not
easy to obtain the detailed information in practical measurements. Here, a method
to obtain effective dose equivalents (Sv) from absorbed dose (Gy) in air by using

some conversion factors was discussed.
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The conversion factor shown in a guide for environmental radiation monitoring,
which was issued by the Science and Technology Agency, is 0.8, that in UNS-
CEAR 1982 and 1988 reports is 0.7, and the value determined from our experi-
ments for natural gamma radiation is 0.75. Through discussion it was concluded
that the conversion factor 0.75 is suitable to evaluate the effective dose equiva-

lent from indoors and outdoors natural gamma radiations.
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New Monitoring Techniques of Air Sampling

Michiko Abe and Siro Abe

Division of Environmental Health, National Institute of Radiological Sciences
9-1, Amnagawa-4, Chiba-shi 260, Japan

ABSTRACT —It is necessary for us to think of environmental monitoring tech-
niques in order to be able to cope with usual and/or emergency situation.
Recent topics of monitoring techniques and several new results obtained by us
using our new techniques are discussed here. In the discussion, gross sampling and
particle size separation sampling are taken up from both air sampling and impor-

tant items for dose estimation point of view.
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Major items relating to airborne dusts necessary for dose
evaluation to humans due to radionuclides.
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Meteorology

Kazuhiko Imai

Nuclear Safety Technology Center
1-3-101, Hakusan 5 chome, Bunkyo-ku, Tokyo, 112 Japan

ABSTRACT —Meteorological observation in environmental radiological monitor-
ing are described in "the guide for environmental radiological monitoring” refer-
ing other guides on meteorology. Instrumentation and observation technology
have been well established in order to obtain meteorological data needed for use
not only in dose assessment but in interpretation of monitoring data. Sensitive
rainfall detector, for instance, has been introduced for the latter purpose.

Recent real time dose prediction systems for use in emergency require reliable
supply of meteorological data on real time base. Current local monitoring systems
meet the requirements except wind data in upper layer. Doppler sound radar is
expected as a new technique in the remote sensing measurement of wind up to
height of several hundreds meters.

Interpretation of unusual events on environmental monitoring needs meteoro-
logical knowledge of personnels as well as quantitative information from instru-
mentation, which encourages personnels engaging on environmental monitoring to
promote their understanding of characteristic features of concerned local mete-

orology.
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On The Emergency Environmental Monitoring

Ichiro Miyanaga

Commissioner, Nuclear Safety Commission

Emergency environmental rnonitorir_lg plays an important role in the emergency
preparedness of nuclear facilities, because it provides the essential data for
making decisions of necessary response actions at the emergency.

Soon after TMI-2 accident, March 1979, the NSC published a guideline en-
titled "Off-Site Emergency Planning to the Radiation Accidents of Nuclear
Facilities” and "Emergency Environmental Radiation Monitoring Guideline”.

During the time, ICRP and IAEA published the documents relating to the
protection of the public to the radiological emergencies in nuclear facilities. At the
same time, the research of severe accidents and accident management have been
developed, as well as high technology systems, SPEEDI and ARSAS.

Chernobyl-4 accident triggered the NSC to review the both of Guides, and new
findings and developements described above are under discussion, to organize and

systematize them into the new Guides.
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Quality Assurance in the Nation-wide
Environmental Radiation Monitoring System
Siro Abe and Michiko Abe

Division of Environmental Health, National Institute of Radiological Sciences
9-1, Anagawa-4, Chiba-shi, 260 Japan

ABSTRACT —Principle and outline about quality assurance work in the environ-
mental monitoring system are presented in this report.

Both object and frame of environmental monitoring are surveyed firstly. Based
on the items surveyed, we examined items required for the data and their proce-
dure without gaps spatially, as well as timely, to make effective use of the data
gamed in the radiation monitoring system.

These conditions require the establishment of quality assurance system in
radiation monitoring nationally. This report also discusses quality assurance
techniques of every stages of a radiation monitoring system (planning, sampling,
pretreatment of samples, chemical analysis of samples, countings and measure-
ments, data gained throuth monitoring procedure, public relations and so on) from

several points of view.
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Rohr,

—%, Fan TANVEFHARERELHEC, AR ORSRRELFELC L - 12,
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DFVRBRARZ PR A—ZP I fFELNT V3, LIADWARZ h X —RDF— XD,
AROWEEREONFED S OEC ZEM L TESTHE AN Y, BORELED L BT
F—2ERELIZY LT, 19505 61960FDWFEIAD 1 5MHI2 O DAY v b BERER:
L TRHIBR I A oSl e o e & S 7 — A HBBREID L 5 Bbhs, AR
fmE b s LA, EELUOMECRG T, IKENN, ERREREEEE L TR
Pl R o 2w,

D EM2MEEI L & - 2B 2Pl B TEDORAEDRDE L E R 2 R TRz, RFEHRGHE
B=XY ZFIIGEE I A EOREESFEL L TS, FEx ORENIFIERBSD 5
BLBIOTRECIZA S b,

3.4 HORERBRIDL S EEATARShDH

V515, TAonsfEHPM ORI, BRBEA» G Y, RENLBREOESL Y, £
LB Y, 30 CRERILES V2 TEBREKRT 2 HOREDHAT KX M HA 5]
THREHH»IRCR EFHT, »o/NMERIIKEHO—7 L L TEMTRTH S, 2h0 L
BORAEOHHE X BN, XEW, £F, M, 2R LA PHT, L L, RS
THEORMEZLMILL LS L LTH R TS bR LR ADREHOOITHE, 757
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®5 HORIEDOKHA

Sphere of quality assurance.

OBBBETOME
O£BEM LI TRET — X FD B, i
@RI LT — 2 Do by, FHi
O—-0-® KHOHMIZEZ L&
MR E R OB Y BECTEhEMA L LT3N DHIEYUTDHA S, 2L EHEHLN

WTIREDRIED & Dl CHELIRLETHA 5.

3.5 BRE-SVYIOHENERLHEORENITL—F
BEE=R) V7OEDRALZLA3BIE=X) V7O EDL I BRERTHALANETH
5%, REUEODEROHEEYESI, (4)Y AT 2DFLHIE, (5)D> 2T LD,
FEAERCEE L COTHNI LT, (1)EBROERHES, (2)F 2745406 FCREROERE,
ZEW, (3)EROOLHY, (6)YATLDFzyZ7DEHS, (1)AY VI—ZDRE,
RECEHTRIFATDH 5,

%6 RET=x)  IOHEOEER

Elements of quality of environmental monitoring.

BN > SH L BWRO

(1) HEROLEMES

) RF ARG FUEROEEE TEHE
) RO LY

) ¥ AT A OFERE
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)

T RT LR
CAFLDF v DRSS
Iy P —2DFRE

RIL, SALHTRTEHCABIRUTNUUIL LV LT DV EOFIEITIE L v, &R
PN RIAFEC—BvRVEGRENE I LW BELDTDH 5, 200 2 EOLRIE IZER
T ERED S v —FDHo T LB RETHB, A, B, Coeoe mTy LWL, I, II, OI------
Th v, BENCEKRDOD 2GEENT I V7DV 3NTURTHE, ZOBRILRPALS
CLeZ Y20 28MT 22 L 8B RCL, UPALECI V22U REI LI L
2, BEie=x) 2708 LS, BH»LRTURTHA I,

3.6 BEOREETHEL & 3Error®F

RTUEFRLIZDZE > RErroriBTH 5, XP (1) DRINUCHES Y, (5)F I vOiF
B $TRYI7) O SHEDRESEEDIN V) V7, BTNV OBBRCOMETH 5,
RETRC»CHF Y U7 DPEEDPD, 2 REmrorQRL LT ERT e b5 TH
A3, CTFRIZLAERTIERLEENCEror" 4 C# %, ErrorD4ET 5 DRI ABRETH UL
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%7 ErrorlfiOf|
Examples of causes lead to errors.

1) HEElOHA (8) FHAIEE

@ %72y or (9) Az~ —

B FrFrDBH ) BEMEC

@) FFrpr~n ) e, f5F
(5) > DI 1) mEO%E
6) 7 ORE 13y F—ZOMR
(7 FHEIFIE

MBTDH Y, B OHLHFED LORBLEEINS5THAS, Livl, Bl & NHRES
DERRTEmorZ25/MMRIZL, H5 CIRE(TORBEETH NI L LBLLLEDbRS, &
NOErrorif T N THEOBRIADXI R E SN 3 2 LPEDORTFEQOHBCH 255, BiREEL
bDELT(6) T vORLED L 1D)BEME: I TR2ERENLARET 5, ThoRkH
BFz 2 LPTo6TbH5 LEAEMCEELRT(BMCLEBLRT Y, 2DE 5
% Errorifi» 6 47 2 Error® —EB kD> & (Uncertainty) # #3150 - T2 L THE O1RIE » 7&
ATBEDTH 5,

1.1 BORED-HIZT~REZL

BORAELFELT 270D RBR 8D L 570 T & »7ERML, ET3hhidL s e,
FTHEORIEOP LML LTE=X ) 2 PR RE L LRI o 2
Vo BAENTRT X TAEBE?RLLE LY, IFENERNY R LEBNES Y 2 L TSHED
Hr, bHbAAZILREMARBLEDLHMARER LR UHEY, WESOREIFPF-TH
BN

%8 BEoREFolHizkT~<sZl

Items executed for quality assurance.

(1) ®2=2)ry2hidlrp Lt LHLWEsE=X
) o EEAEE L S THORIEDA Y b7 —2
fb%it 3

(2 ®==2)rhilic s 2 B2 L EDEME
FEEDF v 2, R, BN

(3) =2V Ryl 2 XA HIAEEC L 2
B BB ORE, ZEEHOF=v 2

(4) ®==2)rhisle 0L T 2EEREOR
R, WEGIRY 7 LLERRIE, MRAT

(5) Ay b7 —2%IbdbsiEEOERE

CORLEREERLE L TERANCRINTOR=X) U8B L& i€ TA oy b —
7T, b bAHA, WEYBBBIEILCORMDETHL 2L, BREOHA, HLEHKRY
DHBDAY T =272 6EBE/LCITA S, 12150, SIEBIXR»NE L » WEDORIE
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HRINBDT, HOFEE a3, BMALIRKSEIZ LIRS,
IDEINFy b -2 BLEMEFEZEOF v 7, WK, BITOFBRICL - THDMR
HOXBERI7B5, bbAHA, 2O, =X 2 hiudil b ke L FFCE2 OFIHE
PERBLEZVAEL G, BBRNATFS 2RO IZRZ2DL ) LEREYVHETH S,
Bk #EZ RO 12D IS IR B LB OKRIE, REEDF = v 27 »5@#TIC s 3 hiuds Ly
v, ZRIISBREEET L TR BT Th 5, RBEBLZOE, KMEOWHSR, %k, B, %
B2 DRESEHOBNMFECR L Fzy 270V ELRDREI 2 TR,

HERIZESC o » T, FBR, BN L 2 L EORFEOMEDICDIZREATHE, 2D
B2 E ) OEMNLBEORERAROBORIETIZ L (, BEAEEHLE L TOFRIRL G,
TN OB FICTIREDRIEDETO LS IZLyRE L,

3.8 SYRVEDRIEDEDHICR
BORELR LD OLREER DR TE L, REPP-o THEINL DTH S, BRIE
CHoTRBELTZEOHREDEN VNV ZHEEEDLCTDHA ), 2DRERE(T
BRDIZRRIDE ) RMEILFEIPILETCHS, —WEHLZIL DL H 5D, FEFR
RECHRINLY, LU LOPHERINALD Z3WEUTIR LG, 1210, FhATHTAA
SR L L TOBEORIEDLV~NVEE L ERT A THA S,
R IHRCEDRIEDIHIZIZ

(522 e FHRITEEM DY)
To refine quality assurance action.

Fr 7Y B, HEOH—L
FHIFEOHK—
FrAIBEROH—
PR D EP
RERRNDOH— B Bgk b $ mSv)
btk k S RHOE ki
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= = D 22

P G NP
(=) >

3.9 HoXKEHRDLHICE

BORIAEDKEDPET LIZE»o Y, Brok b TR LI ETREC, B—%
DEICBCEY DS LS TREORIMOERY L v, HEFR(TH, HAFRBL L
SOTRBERC—EQETT—X 53T, —HMOEED 2D & 5 H45
BEBEEOF— 2 OO YIZ b BET 2, HIHIILBOLEIRZOL ) LT —X
DE LD OELLRFNER O LS,

ZDE I REORIEDKELMERT 2 10D HERERINIR LI, £ DEAD, RIOWIC
Rohzd, ZHMEBCOCTOEDRIEDGHHE L TIDL I LHABTYRELCSZLTH 5,
FHHO£3 2 CEOFERBEIITL S ETREVCEROLNETH A5, TXTORTF = v
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R0 FOREHERFOIZD 21
To keep quality level best.

(1) @FE LY, (0E L HiE, 6) FIEOF v 2 DENE

OEMBDOW 5 £ E Il 5T, (7 BETREOMRN L L Ea—
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(2) R OEHE 9) aEl > OB
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(4) EBFOKIE, #A% ) BLE~0t) L xts

(5) WY LRREDD 5 LLEEEl, EHE 1) HROEHHILLE2—
RELOH#EER 19 MEYELBESFIZLSZIRDITE

2Rl L5 2 LEEDY, RROE=X) TR ELILEZETIEL, IhoOHHEVE
DRFEE 22 b Y LA ARETINBRIVDTH %,
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CTETRNTHRZE, 2ARCHEBILI L2 T 5017 CBEORIEDFENLIZ EA L RS
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ardblhnle, ETHHHCMNTRRTRILIICZALZCAHLCASYDHA2LUTH L
'S
RUNPETHLHBO—BO I ELPECTOLG, 200, FIE LT, &, EBEEORR
HBUCHAYESAINIBEYE L TANTEDORIEOHLOAE F NI ERIIO»A
BLEBLTHA 5. BEMR, Mo, REHEE, FHEE» O T4, PABREBN ST HHH
BEFh e,

R BORECL->THRONIFE
Advantage of quality assurance.

(1) EoNKEDOF—& LABENIZHRZ S
(2) F—HBT b &> RO 7T — X 2RISR A 5

12170, BREINLBEOHEHAT

O LFBEBCHE—CBHINI Ny 2275008 F—2 2585 I EORIAEHYTRIERET
Hb, INHPLCESLRBECELNVDANY 27V YN TR0 THE—IZE T
REBCRAZEREAD, F—REENBILEBLTERV, Ny 2750 F « F—&0D
IRRREIR 7 LTI, BARIIB 3HBERONGZHAL L I b L.

B2OMBET, > TA2REF—FOEBVHC 20 TRIEILZET2E» VY THE, %
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BofRitiz, EROBRLLZLEZ#ESL LV IFRBROIIF» LOE=X) Y Z7OEBIZOVT,
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4. BOREDRIRE #IFF

HREE, FCRETR, EEHUIOBE T, 220 s37E »6H 5, 12ITREL
5L DBEHR BEREVSAUPBECIICEDET S 2NBEATVW A LRECI I, L
LB EDL I REEYVDHETH A5, KETIkHealth Physics Society #3104 (% & Bij (251
BREOEOMIE DWW TR ETBCRH LTV I3ETH B, 212, RV —<AVBET
NEE 2 BFEROMLE, 2BORBEAEF — 2 boiziis b 6 ¥, BAL T
DF —RIZT pBBEE, FTMEOMRIZ LI LIZ, FROBORITHLE LEINETHA
Yo RISLEHTRBKVEZTTFTMELBLI DL k-t RBbORL L,

HHETY, REMNEOBEOHFIE T 2EEPITbOATV 3, 20—23RBETHEME L
TV AERERE - 8T - i—RESEEZETCH S, ZRRL2ENPORBELIOTH S, L
L, REBOKRIHE, KEtEer &2 v l, FRAETET TV 3[EORIEOBKOEIZIR
RIZLDBEDD 5,

REHEHRIIE S D0 Tk, MEERY OMBRAIEIIZ VDS, 2EEICDR-T, 271220
BUiTHbA-> TEBLIFIRRZARBLCE ) B L3, 210U, BEERMTORETHEA
Gty X =02 ROBEHO T CEEMBEICERL Ty 5, BEER, HERMTELZIEDS 5Bk
TIDHBOEOBRIEGECEE A2 5, 2D I RBHHL ) —BEAAATHEORERE
FCha I LEMET 5,

bbAhA, 2EOTNTORGEHSHER(LRBEGHHE L &) MIEEEEEA T,
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IV— 2 BRIEBGHRT — 7 X— ZXDOHLK

4
‘ Rt 5
' BADE > &% —
v
' Database on environmental radiation in Japan Chemical Analysis Center(JCAC)
& .
4 Isamu Nakamura
Japan Chemical Analysis Center
" 295-3, Samno-cho, Chiba-shi, 281 Japan
d ABSTRACT —Research activity on environmental radiation after the Chernobyl
' accident are surveyed by searching numbers of published papers in main countries
' such as Japan, the U.S.A,, the United Kingdom, France, West Germany and so on,
through the databases of INIS and JICST (the Japan Information Center of
¥ Science and Technology).
v Databases of JCAC are presented, which are input with environmental radiation
v data such as 1) monitoring data in the visinity of nucler facilities, 2) fallout
v survey data by local governments, 3) fallout survey data on the marine samples

by government research institutes, 4) fallout survey data on the atmosphere by
the Japan Meteorological Agency, and so on.

The Integrated Database of Environmental Radiation (IDER) is described, which
has been converted from above mentioned two databases i.e. 1) monitoring
database and 2) fallout survey database, to unify the units, codes and other main
items. Remaining databases will be converted into the IDER in the near future.
Compiled data in the IDER are radioactive nuclide analysis data of 60,000 sam-
ples, total beta activity data of 127,000 and 198,000 data for environmental
radiation.

An example of searching procedure and some results obtained are shown.

Finally, Environmental Radiation Information System is outlined to be devel-

oped in the near future.
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LG, BEEEO XD LSOk OE 2 (AL KE) & b 3B 6 205, #@E.
WEVBLCIT b2 LR T s 3,

DB 6 #r- BIEE X HEAF T 34203, BEERO I I LFLEZOLDERI bW 7
7 7 FDBEZFIAL B HILE 6 0D, 7F— 2 ~N— 2 BIRGE - R BRERSHRD 7 7 2 DB
BEHGFINTOLR U, Aty X — O REREHRF —F~—21I37 72 'DBTik H %77, B
EDLIAHFERFDIZYD, ZORMHCIIMEDD 5, Thbb, REREHEEES —% %2HA
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Numbers of papers on environmental radioactivity published in main countries
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Features of DBMS
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3 BRERHBT—IR—-XIZHOUVT

At v X —SBMRAE T - ESLRBRTIOHE - B IROBEFFEVERBL T3 7 4
—nT7V MREER L CETFHRERERE IHERFIR 0 3 BRELOREE=X ) > 7o
CTIHRPINE - B L, E1FHEECAN L TRERGHET — A N—2 2R L T 3999,

— X DBORESEIBRL T, IET NS MO L 33 LY G 2DV 7 P Y =T DR
ROBES KRS LMETH 2, DBZEHT 5 Y 7 b ¥ =7 (DataBase Management System :
DBMS)it, VYv—>aFtnBl, BERsLICA Ay V7 —2RICAHINED, ZOHMCD
C, 2 EnORBEE»TIOHECFUONTL (R, BERFHHRT -2 N—20
DBMSE LT}, MBEHE EHERIRICES 2D 5 0%, BEE Wy & EATHBNES
T, BROMBEIENT -3 HPERL T, Y v— a3+ »DB(EL@DAIM/RDB) %% H
LTwv3,

St X —TR, FT—XPEFHRZOWUBCHMIRR L Ho> T, RERSHEIIRLH
EH-BEROHN G L CEEBEE -G L TDBZ/ER L T & 12, RERGHRT — X ~N— 2 Lk
LTV s I06DDBEOIGKERZR 2 1R T, £ DINEIFRIX 2 e hoFE (BEH) B
BT LRI RL Y, ¢/, AdD L 5 CDBOBERESDEC Y H-> T, £DB
B2 DHEYH 5, 2D O EDBYREES I —1E L TRET 5 7125 2 DfERiIzk
HIHEET, ZXDBT L HADRES A7 - 2EET 5>, LR EDBEKE—L TRICKRE

g1 BEREHRT — & ~— 2 OINERAFIK(89 . 115R4)

Numbers of data in databases on environmental radiation

7 - & B owEx1
F—RNR—2AZF A OE % B I EFHARE
TR | &pkETEE | ZERIREHR
TREHREAR ﬁﬁ RORFI1 ¢ "74~"87 42,000 28,000 79,000
R
atRERE HRERFIROERTE | "63~'87 18,000 99,000 119,000
BRI STRETIE | IREERFZERT '63~'86 8,200 — —
BB Rk GTRERTE | ELRETKEEE | "72~786 3,600 - —
KABSTRETIE [ET ’62~'86 3,600 - -
Fx v T4 YR . , _
™ 2E&FEE 86 4,000 2,000
B g R HRE T IR D H P o
Sk 2 BIUCEFHEY | ’63~'87 60,000 127,000 198,000
& —%

MIEL | HEMMTE L LRSI, ZERKSHSIL HIEE K
M2 | RYHRER E BGHEETEOR T — A N— 2 2HALI VD
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VATLEELBLIICTAVDOBRRM¥EOCNSE, 22T, MLy X—TUDB¥H—T 54
HERER L, SDBREME L T HBAL, HEOHD, HER, 2— FEEHE— LIHAT — 4 ~N—
AEEELI, Thbb, AT —2~N—21%, QRO & BEEMROINER, OHEDB
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T, 2 TOEE 2BFET 5 LI00CHE L L B Y, BEOREBIFAT 2HB W0 ETH
5, FFUEELZM - UEEC>CTRUTDOL ) CEEKOBATISET AL E L, T2

R3 REBRSHMHAT — X N—2 O EENEPHEE

Chief items in the Integrated Database of Environmental Radiation
O mateesEE O REHRER

& # 1% # o fEE M ®E
& B (B |4 8 | BRVER K| P || 2R (% |84 4% (K |4 (A |88 4% | B |Sr|Cs |Be |36 | &
B i3 H By ! Vi E 5
f | = o ARAES B |
® ERE IR AP R #| |5\ &R E Al | BIE ||| B(BET
B B &® : & 4B E L
5] ' 2 B\ &
% & é&%g%%% 53§ R brifr | &% B8
L. KSEHEC A @] @] Q01010 ol|o|0o 0|0
d | g a Oo/og|g .
2. T 4 O o @] @] 0|0 Q|00
O | a O Oaig a|a
3. B& X
O O O Oog|o d
4. B x|OO O O o0 Q|00 0|0
0O ] a a oioja|g |
5. B2 0|0 O Q|0 Q|0 o Q0|0 0|00
oa a g O aj0|o|a U
6. B % & @) @] O|O|0|0|0(0 O|0l0|10|0 o(0o
T.EKREMO|IO|IO|IO ©) Q|0 O|0|0 ClQ|0|0|0 o|0
Ooaggno O O ojioo|o O
8. ¥ E |00 @] O] 0|0 Q|0|0|0|0|0|C|0O|0 0|0
aa ] O | O|oja|d a
9. AKEEYW O|O|0|0 O Q|0 O|0|0 O|0|0|0|0 Q|0
O|00|a O | O|ojog O
10. ¥ X Cl1Q|0|0|0|0 |0 ©] Q|00 0|0
ajoo|g O 00O (4g|4d O
n#% E {0 Cciol0|0 o Q|00 Q10
| Ooa|gio 0 oyo|aa d
12. % E £ H|O|0O|Q|0 ®] Q|0 0|00 O|0|0|0|0O Q10
o(goa O O o|o|o|g O

181



bbb, REEMNTFEEO 7+ — TV VRAETHC O TV 2 BT 2 RUEL L, BEEDHL
BINEBLZEARZZDE 3 O GIEMEAL) & EHMERA I HRE L IEOWE 2L T 5,
& 61z, BADREROCIHRD GBaREI VA GNTDOTHED 2 TDIEIZS VT b Bghiz
WEL, 22 EDEFELTIELTC 3, 20 1F12R4RT, 12, HEICOVTRE
RELOH—FR B L L, TNTOMBAOEE - BEXANL T, ELEREOMN T — X

R4 RERIHIEAET —ZN— AP TOMEHEAF
Some examples of units for radioactivity in the Integrated Database of
Environmental Radiation

RKFELC A ok = 7,
FHHEHNT(Bg) mBg/m* Bq/kg# Bq/1
FHER(CH) x10~*pCi/m pCi/kgtz pCi/l
FCELHNAL(L) pCi/m?® pCi/g%. pCi/ml
FCEREAL(2) nCi/m?® X107 P Ci/g#z pCi/100ml '
ALELHLAN(3) #Ci/cm? x10-2pCi/g8% pCi/g
FREELNL(4) %107 Ci/cm® pCi/kg pCi/kg
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Optimization of Protection and Environmental Monitoring

Tomoko Kusama
Department of Radiological Health, Faculty of Medicine, The University of Tokyo
7-3-1, Hongo, Bunkyo-ku, 113 Japan

ABSTRACT —Optimization of protection is the most important element of the
system of radiological protection and some analytical methods of optimization,
that is cost-effectiveness analysis, cost-benefit analysis and so on, were proposed
by ICRP.

At present our country, the environmental monitoring were over commitment in
most institutes. Therefore, it is necessary that effective and optimum environmen-
tal monitoring system are adopted using methods of the optimization analysis, that
is cost-effectiveness method. The environmental monitoring are divided into the
following two ; source-related environmental monitoring, that is stack monitoring
and survey of effluent, and person-related environmental monitoring, that is
monitoring posts and monitoring stations. Then, the best combination of these two
environmental monitoring is necessary to achieve the aim of the environmental
monitoring which are to assess the impact of a practice, to give information of
radiation and radionuclides from a practice to population and to keep appropriate
public relation.

1 GELaHIic

BEHREDOTBa# by, KEHFFIACE I K2 PRI A2 LTERLMESVIZHY, 20
BEMIZ:TETRELVO02H 5, BEHRBERCHIBZECR, LIVKEEYEELLZV
ECIHRED b ETHEHEBDOER MY, RONIRELXTEATUEMCERL Tl
eI, HEHRIEORENLEXI S Z EVARAARTH 5,

BEE=%Y y7OfEZILET 5 54 ISR EO Bl LIk D 3 > DM AL 6 BIF
LT 3%,

OREHREH# DBl HBF T % 72 Oz

BREERI D BREHRRP O oAt

HREEBPE O AR # O Fodfb
QFltFEE ACIEREE =X Y L 251E
QRERLEDRE B 5 HalfL

187



K1 HELOHWDO I OFiE R2 BEHEDEOREILOHM DI D
D AN IEHR

VEBRTFE

Cost-effective analysis WG HRE# LD ER
Cost-benefit analysis(and extended cost-benefit analy- OfHiRE
sis) OB ABROSH
Multi-attribute utility analysis O E DRI 2 Hi
Multi-criteria outranking analysis @F5# %
2)EMEITFIE @z D (BH#EFROEES L E)
R EHERE LN DER

2 HERPEORELZHIMT 3 - HDIERIRH

—-REE=5 Y I RRIRAENEORBELOHMT KL D5 —

REHRE BRI RREE, RESHES L FRATEOBRE» 6ITbNIE, RiEE=X) 274,
FNFROEEFLMOENC LI > THERITONT Y 2 G 2FERT 5 2D DERY
RUET 2 5 DTH 3, BEHRDEDO R, BEFERLRTT 5 BICERCITb 2l C
HY, WEE=X) L Z7ORFERZOHOBOER L LT 74 —F ¥y 2735,

REHREBORELEH 2 EH L TU s BECER L TITH N3 TH Y, EBMIITH
NASEAR, B1ICRLEOWENHCONS, CThOSTEXHCEEATS, R21C
RTERZEZR L2 A TEELOH»TTbiLs,

TRGHGEH O BB LI AR s & EIRBRET 2 heEhitbn s 15, RETBEOB#EbIC
BUEE=R Y L Z7OEREVHCONAZ LRD Y v, 12, HIREREOSELDHIMT LK
SHEF#ETBROWE, FEEOHEAITOLA, K2 ORLLENEE, BAREROSH, HE
DRSS EOERVVELSNED, INOOERE L VIHEEECHEZRACS I LY
ERkaINnbs, BEE=2Y) VZ7OERV CEANGEOSAH 5 CITERNBEL E 2 X h HEN
CEHRT A EREELC, RET=XY V7 DOERVTREHR#E D RE LD 12 iR DR
PRAT A LG 2 ERIABTS LV,

3. RBEEFZEEAVWERELBRIRE=SF ) T7DHYS

3.1 REE=-SYT70BHE

BRLBEE= XY v 70b Y F¥RETARDICRERET=2Y »Z7OENZMEEC LT
BLREFD B,

BEE=X2Y 0273, 2DERERFIVCHNCL > TRD2DZFTTHEL LS,
OANBEORER=4) v

O EDIREE =X ) v 7
OOANBEDOREE=2Y 27k, [DROFEACEBL TiIrbha®=2Y V7 THEEMED
BE» S DOFSPRALTRMEI N2 3D TH Y, HMFBIEBEL EDITEME -S> TiThh
5, QOREAEORET=2) 27, —OORRECERL TIThtlaE=X) 2 T2D
BED COFSEPTHET 272D 12iTbis b O THRZRREE L > TiTbsDHPEATH 5,
LaL, byEOREE=X) Y 7ORBRIWEOMTELT L bHEISUONTUEHUT
B!, MEVYRICEWNTEBL T 208 EETHS, 2N HETLH 5,

1.2 BIEE=Y)V7DBM
RiEe=X) V2 OHMRBRRICRTELS DT H B,

188



[ -3 ®=%VU>FBEDIIE

Options that are
o cost-effective
® not cost-effective

®

Cost

RI REE=XY70HN

QREZ N =75 5 CREFOBEYEDHEN

QAEREENFLNTVL I L PHELRT 5 1 1

iz b e —rOENLEETHERT 2 Collective dose

@A L THEERES 2 5 R e

OBSHATE L~ T BBy oS T T ERE O )
BT 5

@l@;&ﬁ’ [ @E# Eﬁ?ﬂ‘ﬁ’ ﬁk%‘l‘ﬂi%g@fﬁii, 1 cost.effectivenesséﬂ Fu f:ﬁﬁ{ =%
Bitiptiev o ¢ BRERT 4 o 7&HEICRP Publ. 55)

HIURTREE=2Y) Y Z7OHNOHT, O~QDFHIIDVCTREREE=X) V7% %E
BT B3TH R KEHRDORERTCITONIARRERTZ2OHNZLEMERT 52 LT E 5,
BEDRF - BEHRFIHOEEYE 2 12 & S TREBEHRE DO K5 # BAKEHRI L ® T
D, BHR»OCOFEVIERLAFMBBCIL O LORKTIREIDG L Bkd kv, Lizdi> T,
REx=%) VZ70HENLHNIOOARCEHRY S L5 L L, OBERD 6 DRE i
BRI LERHERETAILTHY, ERUIAR~NDBEREY b - L b RS LEETHE L
“zb,

Licdio T, BRRE=XY V7R AR~DOBHBRIEE L v 5 B2 IR ERT 2 »
LS L ERPFCTYRELENTNSTH B,

1.3 RELAREE=SYT7DHYE

BEE=%) 72 ORR~DOHERIE S L CORZRY» COEFE R v 2 L 2#RT 5
ROOMRE=XY) V2 LETY, FBELPHET 5000 iR A TRELRES=
ZV7E, O HERE»PHMTRETH B,

RELREE=F ) 7O CBELTERT N SEELERE LT, O'=4Y v 27iC
Z3TrEAL, Q=X Y U SDOMBATHB I L¥E 2 5 LK 11278 L I2cost-effectivenessiz:
DB L TETH A 5, ZODHERED C N BHORBENTERAOMELY DT 5
FEPHMT 2BAHCONB DT H 5,

RFHCHTA2H2LELOES ZRML, REX=2) V278850 HaMRC» 0D
BEZIT->Tw5, INLO/BIFEIEL D THIUIHBEIX 5, U LN5 S DIZRM
THIHBEZT ALV IMROLBRERD 2LEYHH 5, BREE=2Y VZ7OFHD DR~
OERIBETH L L ThIX, OEDL ) LiFRY, QLS ciftTar 52 teE L
TREE=2) V7 ~OBFRREZELLIETHA Y,

HMEREBELEFBEE=X) 270D P 5 LTS 2 BHOFRER D 2FEER
STVBARTTHENG, ZOMBANTEROMEY LT 2 FheBHTNTH 2,

189



4, BEBEDOREICH T 5 RELENA

RERELREBEETD 5 CIEREEE L > TED G NARET, HlfLtOFELHC
THEREL VB KEIND O DTH S,

LY EDERRERED £ X, ICRPOFEARED» CFEINLREF ZDL AT
o —BRARIHIFEY b 12O TGRSR F A REEORBERIII TR ECIREE £
5 LERBLTFEL HCIREREDOREVLEL 3N 5,

5. bHYPEIZEFIRRE=I) L TDHYE

5.1 REE=S VI ERBEEZIY L IOEESIE

BEHREOMSE D 61X, MRE=X) VI VHECTDONLTONBESITH S, Lo
T, BRETRBREE=2) L 2Z72HLIT2EE v, TRENL TTBHRELETITERO
F9%=2Y) 7R3 NURLRABEDE=2) V7 LHIESI 58 ThH 5, bHEOR
Be=x) Y Z7BHTIR, [RGB U 2 RN ESGER O BEHRIC & 5 AROBE LR ]
Lantsy, EbonLed LREREOREE=X) Y7 2fgml T34 5 8bh,
TBYEERZEDE=2Y > 7 %175 2 LDREVH b ALV,

5.2 PAOBALILGRABREZ=FY LY

BEE=2) Y Z7OHNEAR~NOBERIEMHRTH 3 LABETUIBAL,

O #%

@FDL3i
BET AP LIS OBRIEE=XY 700 FEpE L TABLLEND S,

— ARG IE Y 72T TV A BRI, 2P DL I LFERTELZDODL- L
bIRITH LD LD 2 L PERCRET s LEYVDH S, ZHEOBHE» I TITOATVL 2
BIEE=R) 27 DL LHEP ORF LETRENH2DTIE LV,

BRIBE=R ) VBB ORRI AT L 2ELAZI LS VETHN - BEHRCNT 2 PADIE
ECERT 22K LBDTREC»LEEL TV 3,

REE=X) 7 THEL TV 2R BRBIHRVv <V TH B, PRt L THRELS
STH 62 EIZE Y, BARSHRZEML THO 222 LITkY, 12, HEHRV~NVIZREE
BB LT3 8DTHBI Lo TH56 5 Lk b, KEHED 5 VI EARBKEHE
DEBEO—HEM->TH 652 L AFHREL L 5,

6. B8bYIc

b EOE TN « BEHERRIILLOBEAY S REFEINTC T, DREARLEBRY
RO T IO NBBLNAYBRIET XY UL VBB I NI LRI H OB, L
L, BCRERPRETIAIICLTHS LY ETFHRARCEL>TRYELRI ETHY,
A%LINRBEIOCNRATHAS, TDI L, BEE=R) VZ7ORENLANLEZE LS
L, AFABRCI > TITbA TV aREE=%) Y2’ OAK, MLETIEHMECIL ZHCR
Ao BEHLBRIEE=X) 7DD Y FERFIT S Th 3,

190



IV BEE=5) > 78— 2

IV—3 BEE=%" > 75L& Rx#Eb

H R O ¥

HIRKE

1 RE®=JYVSOEEIFEEM
(1)ICRPD# 2 7
OEE=%Y) o ryRiEE=2Y V7 B%T 5,
OBFEE ORI =% ) L 2L A\BEOREE=2) v
ZO0REE=X) 70 BNF L VERBEER
(2)bHFEIHLIREE=X) v
BREEEYEET 2R/ E=%) v
TBRVv_NVTERT 2RER=%) v

? RBEDFHRERBLEORICERTREIER
(1) BB LD FiE | EEMFEE(L EEMTH)
Cost-effective analysis
Cost-benefit analysis(and extended cost-benefit analysis)
Multi-attribute utility analysis
Multi-criteria outranking analysis
(2)BBELDOBHT DB Z R T~ & RGHR# LOER
OEMRE
OB NREDZHT
QR DRI i
OhE 3§
®% Dt

I BERBORBLLRETE=S) T
Rifie=XY v | RETBREETORSRBGEOBE L LR T 2 12 QRIE - FHf
Riie=4) Y 7OBROXEGHERE  FHT 57V E ZDHEAE)
I (Baifb)

AR E BREE

187



4 DHIEOREMHRLSLV(BRERE)CREE=S) VI TARTRENR—TEED
BEORETARTN&EH?
OARDOHRE L ERE ?
QBB LDBEROTRE ?
@HE o bl ?
@ HH B ?
ORMBRR LB ?

5 REE-SYCIRRERELICERT 3500RE
O&HirE
By A Zv~vE ERRE
QOB ABRR DA
IR v ~ov L AR
QM EFRE L ETHFE
THFED M

6 bFEICSIIBHEAE=-FIITOHYE
(1)WREE=2Y Y7L REE=F Y v 7 OREIFE
=HRIRE R L RS
(2)RREEDOREE=%) V7 L \BEOTREE=X ) Y7’ OX5 L B & UERBER
(3)PAORE D 6 ARRIEE=X ) v

1 REBLEFEEAVARELREE=IVT0HYVH
(1)cost-effectivenessDfR 2 &
(2 )Multi-attribute utility analysis® FihE¥ B IcRE® =% ) 27 OFHH « 15
PRI & Y IRBD

188



2

V . %& ‘\{_fl\

J

B

c
p=(118

V—1 v ~NuiiRallEouZMt
2o T ZINED =1

V—2 IREx=X2Y 7ZFT5
# B EH KA FEF

V—3 WmExe=XY) 27t RED
TR %4 EIR AT



vV Baitdm
V—1 BV EHFEEHIZDRDEMRICDOWT

A B L

AR R AR

TOERFRGIERIN TV 3 LY, FFHRERD O OBRFHEWE OB EIIERD TS
fEsnTH Yy, AOREOE=4) 7 THREBSEVRE S5 2 L35 EECOPEK
Thb, ZRIIBEHERTHCBEL TYRET, 19604FEH L k2 L, BREREFORETHH
ROBSRED v vz 2R EVEL - T kY, ELBRMEET S RIBBRLT L v o 8l
HEPLELEHREIN Ty 2, MBEAUTLC) Z LR TLLLe2EBRT 20T
2, T oREBR I COEBMTT -2 EHLTCCL LRI LTS 20T, BEK
BHEL NV OEBLEHZIEET A D LR ZNORELNVOBREORT L LETH B ¢
CIELHF VDAY, —fRIZIE, =XV UZSORMICB-> T VEENLFRCOIEL S,
2% YAELT B LV IIBRTHE, 29k & OEENAEIBRILs hafryzwLtEbns,
23 oA, RIBSATILESNLF—R2BERLLY, £=8) V7O RbR
B LR ed, F—ZOFHEIXE S LTHED Y, FEHEIZE ) LTRD 5, 2 EORM
BrEL 5, AEKROBEELFESVETHA I,

—%, EMOESHECOIMELERD Lo, oED 5 CRAEEORE, BE
S TRREBMET S > LMEDOBEHREE) VHES N L I Lo Hb 20, 36K
SHESREO AR RBIRES M FEOAL, ikt OMOFELL E, 3o OM» CBH»
Thhaflb BEC RGNS, HrORED O REPIZEA S NICKREHEWE OBATERN ¥ 17
T3 LT, Zn6OFRIIBD THES» DEELBELONEY, —kE=%) VZ7OHMZE
CETEHMLBRYERINAPECOIMBL LI TRLONB LEIATH S, BTHAR
FROBREERPRME LIce=4) V27U L TRBIEEEEZRY 2 2 L PRTHEEE
B2 IARINTV DT, 2 TRAINTOCAMETRMRBBRRILT L 31~
NT b, OBIEL CIXERYVTTRELGEA LD VFE, AROBELEHRZDOHN» L1,
BREEEEY b+ TES & 5 v~ s e T 5 RETRERE ORI b T BE 72 IRAE D 4HTiE
OEATHER v L EbN 3D, REHESBOERRRONLIE, i RPBWEREORBE
HEMOTFHZZET 2201, 2L ARED L~V FHHIEL TLEEDOKMPEA LY
HEMBDERIKRCUEERRETDHA I,

191



V—2 BEx=%) 7B 5FEHH

X M %E W
1174 R B 4

Aiji Yamato
Power Reactor and Nuclear Fuel Development Corporation
1-9-13, Akasaka, Minato-ku, Tokyo, 107 Japan

ABSTRACT—Some items to be considered in the environmental radiation
monitoring programs including normal situtation program and the emergeney one
are pointed out and discussed. The items are :

1) Consistency of the program for long period of time in normal situation and the
relationship to the emergency program.

2) Expansibility of the emergency program.

3) Coordination between measured results and calculated ones from source term
informations, and

4) Optimization of the programs and the quality assurance.
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Environmental Monitoring and Safety Evaluation of Public

Yukio Takizawa

Akita University, School of Medicine
1-1-1 Hondo, Akita, 010 Japan

ABSTRACT—The environmental radiation monitoring is to protect health and
safety of the public and workers from undue risks associated with radiation and
radioactive materials which may result from normal operation, abnormal occur-
rences or accidents at nuclear power plants. These monitorings are also applicable
to matters concernings the nuclear fuel cycle waste.

On the basis of the monitoring data, the total collective dose to the population
can be evaluated. In Japan criteria, a maximum permissible exposure dose for a
person is 1 mSv/year for a number of the public, as effective dose equivalent.
Emergency permissible dose for worker is changed from 50 mSv/year (maximum
permissible dose) to 0.1 Sv in effective dose equivalent. In the meantime, when a
severe (the so-called major or hypothetical) accident such as the TMI and
Chernobyl is postulated, an area of site conditions for ensuring safety in which the
exposure doses evaluated of members of the public outside the site exceeds 0.25
Sv whole body and 1.5 Sv (hypothetical ; 3.0 Sv) thyroid (child) is to be a non-
residential area.

In Japan extensive research efforts have guided the monitoring programs to
provide reliable sample collection, develop efficient methods to analyze numerous
samples in a short period of time, indicate significant pathways and radionuclides,
and develop calculational models for relating environmental measurements to
radionuclide intakes and radiation doses. An establishment of the advanced

monitoring systems on severe accident are regarded as of major importance
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nowadays, in order to obtain understanding by the public.
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