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4 Persormel Radiation Momitoring in Japan
-—Personnel Desimeter and Its .Qnal'ety Assurance —

K. Ninomiya

Eealth and Safety Division,

Power Reactor ard Nuclear Fuel Development Corporation
4-33, Mgramaztsu, Tokai-wmura, KNaka-gen, Ibaraki,
318-11, JAPAN

1. Abstract

This Paper describes tkhe present status of personnel radiation
monitoering in Japan, especjially the monitoring system, charact-
eristics c¢f perscnnel dosimeter, <traceability and gquality
assurance. While personnel wonitoring is " classified inte
external radiation menitoring amd internal radiation monitoring,
and further, %the objective to be monitered includes X-cays,

I-rays, {S-rays e&nd neutrons, the following description will
cever, ‘im particular, whole-body ~personnel monitoring for

external radiation with emphasis on X and [ -rays.

. Introduction

Nuember of persons monitored for coccupational exposure in
Japan is rceghly amcoent teo a total of 270 thousand persons
evey the fields eof medicine, reserch, education, Nuclear
industry and other industries. These rediation workers in
varicus fields are controlled by suitable personnel monitering
in compliance with the corresponding regulations se that
their individual expesure may not only excewvd & maximum permiss-
inle dose defined by the regulations but alse be maintained
sufficientry low values, based on the principle of ALMARA.

Film badges and TLDs are the main persennel dosimeters currently
used. While dosimetry is condweted by several commercial

service compenies in adéition teo the erganizasions which perfeorm
this work by themsslves ircluding national institutes such

as JAERI and PNC, the measuring accuracy of persoanel dose
is kept at a high level by each gquality asserance based on

‘the traceability system of our cowntry.

Number of Radiation Werkers and the System eof Monitoring

Now 3% of eommereial nuclear powt& reactors are in eperation
in our eceuntry and the users of radieo~-isotepes asmount teo

4530. Alse there exist a number of nuwclear facilities in

addition to one reprocessing plunt.‘aud thair mumber is expected
to increase mevre.{l}[2] : _

The cwrremt number eof persons weonitered for occupational

expesvre is as shown in Table 1 and the total numbar is estimak-
ed te ba about 270 theusand incleding the werkers in the

fislds ef medicine, researeh, esducatien, nwclear Iindwstry

anéd ether industries.[3]1(4]}(%])
B ‘ -39~
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Rational institu&ts for researchk and development of .atomic
energy {(JAERI,PNC)

‘personnel dosimetry by themselves,
are entrusting it teo

now,
ones.

Table | Number of persons monitored

commercial service.
there are %twe or three Jlarge companies

and one of nuclear power plants
‘bet most of other fzcilities

are doing

As sach companies

and some small

ﬁw'&xmnmhmalenmﬂne.'
(approzimate mmber)

4 Limit of Personnel Dose bv Reculations

- The Jlaws
1?

2} The

relating to . the
our country are mainly devide
The law for regulations ©
fuwl material and reactors.
law concerning

to radio-isclopes, etec.

‘I3) The law for cccupational safe
regulations

The

. Fandamental concepts in these laws rely on I
{6} in which D = S5(N-18
the maximum perm
. permissible dose for a ra
, previsions

vely as

regulation

are

for

ender

scheduled to
in compliance with ICRP Publ.
the maximum

prevention

' these

be
26L187T)
permissible

three

ty ané heal

Medicat lhﬂnsh;m! Nuciear Other Total
Teaching ndustry Inchustry
130, QU0 42,080 58,008 54,009 78,000

th.

laws provide
radiation dose for radiation werkers. '

effectiy
17

Io

cymulative

abandoned and the new limiti of 50mSv /year,

500mSv/year
" lens of eye and other tissue, respective

is

adopted

for

the

effective .
ly {(Table 3}.

‘prevantion of radiation hazard in

a inte
f nuclear source material, neclear

laws:

from tadiatioq hazards  due

the pitmissihlc

CRP Puabl. € (1962}
) and Irem/3Imonths ave provided respectli-~
jssible cumulative dose and maximum
diation worker(Table 2).
e from April, o
so that the past

The amended
1989

dose is
150mSv/year and
dose eguivalent,

Table 3 Limits of dose equivalent

PR R

Table 2 Permissible exposure dose by new regelations.
| by regulations. (current) "~ (trom Apeil 1,1838)
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5. Types and Characteristics of Personnel Dosimeters

Among various types of personnel dosimeters, such as, TLD,
film , £fiuvorescent glass dosimeter, pocket dosimeter, alarm
meter, etc. ,a suitable dosimeter shoud be selected in consider-
ation of 1) purpose of measurement, 2) type and energy of
radiaticen, 3) condition of radiation work.

The film badge and TLD is widely used as a dosimeter which
measures ¢the exposure dose over _ a relatively long period
(1 or 3 months) for the purpose of personnel monitoring.
Pocket dosimeter and alarm meter is often used for anticipated
high-level expcsure and for daily check of dose after work.

Recently, TLDs are used for passage control at the gate of

*he controlled area in a large facility such as nuclear power

‘plant, and further a TLD reader directly coupled with a competer
ig sometimes used toc measure the exposure every time a parsonnel
exits the controled area. The following is the degcription
of £ilm badge and TLD badge that are currently in wide use.

{1} Film Badge

@ Structure of Film Badge

New several types of film badges are available in our ceountry’

and the films for badges’ are produced by Feji Film Inc. eor
of Kodak Inc. Fig.l shows the structure of JAERI typa v film
badge. This film badge is now used as an official personnel
 desimeter in JAERI. It has three kinds of plastic filters
for f-ray measurement and twe kinds of filters for { -ray.
Thermal neutron  is measured by using the caputured [ -ray
by Cd filter, and fast neutron is measured by NTA fllm. Activat-
ienm foiles are also provided the case of smergency.

(JAKRI Lype W) for ¥ (X)-roy. (exsmsle)

um‘

‘ | : ‘ ‘ : |

~s m""“;“"'_“}n..m.. ) © sowl{an O {Sn) +{Py)

-1 Paghicy. b L bl § | 8 Q il‘to‘w_l Wb*@

F-t  CHre. Bmum)>Pule. o} Duse measusetnamt ] o

F-1 mmﬁ-mm}mm - !

F-1  Sath. 1vem) . Duse wesnay gt Tor 4 ‘e

Foa AR, Shvew) }r-n, 1'3

‘a. Pl sepperwr 3 Q

o NEA-Nw

s. Fan o ey 1 ‘

o, Dige vabs

s  tot l’& Y !’ A

¢ “" Ouswratr Hor Smargunty x ; ':: L i

T ] "l.u 8.1 1

o 7 (Xiray energy [M]
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® Dose Evaluation by Film Badge
Dose is obtained by 2 characteristic curve, namely, a curve
whick is provided by a reference radiation sgource to give
a relationship between dose and concentration.
The dose of [ (X)-rays can be obtaine@ by determining the
energy from the. ratio of eqguivalent doses under different
filters and the sensitivity for that energy. The other method
is to correct energy dependence of the £film by using following
formula. : ‘
D = k, [Sn+Pb]+ks {Cult+k; [ALl]+ka [O0.W] —=uin= (1)
wheare o S
ky ~ka : Constants’

fi] : equivalent concentration under i filer

® Characteristics of Film Badge

Fig. 2 shows an example of the results obtained by improving
the energy dependence for VT tX)-rays using formula (1). The
energy dependence in this case is about t20%. -

The measuring dose range of the film badge is 0.lmSv-40mSv
for X-rays, O0.lmSe-60mSv for [ -rays and extendable to the
extent of about 10 times these values by changing the duvelcopme-
nt condition.

@ Factors for Evaluaticn Errors o
Major factors for the evaluation errors are as follows.
l1)Fading '
-influenced remarkably by atomospheric moisture.
-zelations with temperature and humidity are important.
—>can be usually neglected by moisture-proof packaging.
2)Dispersion of Products ,
-dispersion due to the differences of production lots.
—»use the films by the same productien lot fer one neasvare-
ment. ‘ |
3}Influence of high energy [ -rays
-the film sensitivity is significantly enhanced fer high
energy [ -rays such as GMeV F-rays from '*N in reactors.
~»adequate calibration is necessary for such a place.

2 TLD Badge

@ Structure of TLD Badge ‘ |
There are many fluorescence material such as LiF, CaF,, CaSO,
or Li,B 0, for TLD. Varicus types of TLDs are commercially
available and used in many countries of the world. The following

description, in particular, relates to a fully automatie
reading type TLD system developed by PNC and Matsushita Electri-

cal Co. Ltd. [8][?][13]

Fig. 3 shows the structure of a PNC-type TLD badge.This
TLD badge is now used in all PNC facilities and one of commerci-
al atomic power plant as official personnsl dosimeter.
I -rays, p-rays,  thermal-, spithermal-, and fast neutrens
can be measured simultanecusly by this TLD Badge. Two elements
of TLD are used to measure @-rays, other two are for (X}
rays, and another four elements are used for neuton measurement.
Twe elements for [ -rays are Thi, ®B, O, (Cu) and elements for
[-rays are TLi, "B, 0,(Cu) and CaSO, (Tm}. The elements for
y-rays are located under 1000mgs/em* of plastic. ‘

—m“. ‘
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6Li_ "B, O, is high sensitive to thermal neutrons and "Li"8, 0,
have almost no sensitivity £for neutrons. Fast neutrons are
detected by means of "Albedo®™ technigue by combining Cd and
' Sn £illters. ‘

@ Dose evaluation by TLD badge '
In general, dose for TtX)-rays is determined from the measured
value o¢f TLD using the following formula: '
D= £ £ £ (L-Clev-mmm- 2} ‘
where D :dose equivalent
' L :guantity of luminescencs of TLD
C :back ground - ‘ :
£, :conversion factor from gquantity of luminescenses
to dose egquivglent ‘
£, :correction factor for energy dependence
£, :correction factor for others(such as fading) .
As £, and £, can be considered substancially unity in the
ordinary conditions of use for PNC-type TLD badge, dose equival~
et is obtained directly £from the quantuty of luminescence.
As for £,, the TLD reader is calibrated so as to give £ =1

using a '4?Cs standard source.

3 e 1erm depth: dose equivalent
2 ‘

| - |
§§ b

=5 1 =

i 7

s responss

s

"B

-

=

[UPAPPwT | PR |

. o -
- i : Cu with 1000mg/cmFilter)
(-3 o - ' .
b ' .
- ales

aadal
11} nn

Photon energy (%eV)

Fig.3 Constrwction of TLB‘bndge-

. Fig.4 Energy dependence ol TLD badge | !
(PNC type) for ¥ (X)-ray. i

® Characteristics of TLD Badge ' ‘ o .
Measurable Dose range of TLD badge is from 0.lmSv to 10 3V
over the energy range of 30keV to 2MeV for {-rays. : Ch
Fig.4 shows the energy dependence of TLD badge for { -rays. '
~ When the TLD badge is set on phantom, the responce of "Li)'B, Q
under a 1000mg/cm* filter is very closas to the lcm depth
dose eguivalent curve. . 5 o

. @ Factors csusing Evaluvation Errors .
" Effeects to be considered in using TLDs fer perscnnel monitoring ¥
are as follows: ' , : e
1)dispersion of sensitivity of TLD elements.

-due to differences of production lots

,-due to variatiens in quantities of phosphor and activator
: 'wsguality contrel of TLD eléements
" 2)stability of TLD rwader ;

~dust centamination of the optical system

-degradiation of the photomultiplier

—ssensitivity cenfirmation and calibration at regular

intervals

B o
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& Quality Assurance

Quality assurance means a systematic, programmed action which
is required for imparting sufficient reliability to the results
- of monitoring programme. o
, - ICRP Publ.35(1982)[1l1ljgives some factors to- be congidered
i in planning a quality assurance programme, and these reguirement
may be summarized in the following with respect teo personnel |
monitoring. ' B

1)}The quality of dosimeter used is good controled, and the
radiation field for calibration of dosimeters has traceability
to the national standard.’ ‘ ‘ .
2)Instruments for reading are c¢ontrolled and maintained in
good condition; they are checked and recalibrated in respect
to their performance at necessary intervals. '
3)Personnels completely understand the characteristics of
instruments and are well-traind for the use of them.

{l)traceability ‘
Radiation sources or reference instruments to be used for
the calibration of personnel dosimeters are required to Dbe
traceable to the national standard. Fig.5 shows the traceability
system of V{(X)ray measuring instruments in our country. ‘
‘The traceability for { tX)~rays is established on the base
of exposure dose, and primary standard chamber which is calibra-
ted directry by the national standard is provided in main
calibration facilities. Personnel dosimeters are calibrated
in the radiation field evaluated with this primary standard
chamber or secondary standard chamber.

Table 4 Ouality control programse of

Nationsl TLDs and TLD-reader at PNC.
' Eleciro-Techmical '
Standard Loboratory (ETL) — Thne |[Frequency] Ttem
| F - Belore |* Qutward Looking
W |servi = |+ Zuro~dose
Main Primary Slandard | * Sensitivity for "Cs 7
Catluration - |Elermant =
' Facillty Storcdned Chamber o Service |’ yesr Same above
- —— * Sensilivity check by using
| ‘ . - Daily Vdn reference light source
‘. | 2rd Standerd Inspection ¥ 1. Ceaning up of Oplicel parts
Stendard T - (1! necessary)
Chumber Reader| |~ Ciwek ol hesling condition
‘ m’mt{m 1/month |« Caktwation of rewder by us.
User Sadintion Messurin | Ing Stenderd TLOC™Cs 7 ) . ‘
Eouloment . v ‘Overhaut | 2/yeer | Overhsut by manuiscturer |

Fig.5 Traceability system of v (X)-ray
measuring instrument in Jopan.
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(2)Quality Contrzl in Personnel Dose Measuring Organizasions
While £ilms, TLDs for personnel dosimeters are produced in
conformity with Japanese Indgstrial Standard (JIS) and come
onto market, a strict quality control is taken for any film
and TLD in personnel dose measuring organizasitions.

Table 4 shows an example of the qgquality control programme
for TLDs and TLD readers in PNC. TLDs are subjected to visual
inspection, confirmation of =zero-dose, and sensitivity test
gsing '*7’Cs Y -rays at the time of purchase and ,after that,
once a year. )

TLD readers are subjected to daily routine inspection, monthly
inspection ,and the overhaul by manufacturer. ‘

Film badge and related apparatuses are well quality controled
by their own manner in each dose measuring organizasions.

Summary and Suggestions feor Intercomparison

 As stated abcve, personnel dosimetry 'in our country is done
by using f£ilm badges or TLD badges in sevaral organizasions.
The measuring accuracy of personnel dose is kept at a high
level by each quality assurance based on the traceability
system of our country. e

To assure and keep the accuracy of personnel dosimetry, the
following three conditions are necessary: ‘ ‘

1)The quality of dosimeter used is well controlled, and the
radiation field for calibration of dosimeters has traceability
to the national standard. '

2)Instruments for reading are controlled and maintained in
good condition; they are checked and recalibrated in respect
to their performance at necessary intervals. ‘

‘3)Personnels completely understand the characteristics of
instruments and are well-trained for the use of them.

Intercomparison should be carried out for the dosimeters
which satisfy these three conditiors in order to confirm the
maintained precision. ' ‘

Althogh intercomparison between _personnel dose measuring
organizasions has not yet Dbeen performed in Japan, in the
 near future, the need to plan an intercomparison programme
may arise upon request from measuring organizasions themselves
or related societies. : :

In such a case, recommended intercomparison programme of
IAEA[12] will be reffered to.
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7. Environmental Radioactivity around Tokai-Works
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ABSTRACT

%wmhmn@udmmmof |

air, rain water and agriculniral and marine products were collecred and
analyzed by gammmae- end alpha-spectrometry. The highest concentrations
ofmlmdxmmdsanpksmn!oﬂows. 10 107" Bgm™
(eerosol-associated in air}; 30 x 107" Bgm™® (gaseous in air};2-1x 0¥
Bqkg™ (plancs; 14 10° By Bare™ tmilk). Other muclides such a5 "2,
"Mb ®Ru, ™Rx, BSh, ™ Te, Tl™Te, ™Cs, VCs, “Ba/""La,
M Ce and ™ Ce were also observed in various environmental samples. "™ Ag
was only detected in marine products such as cephalopoda and shellfish.
mnhw”ﬂmwﬁm&em&mmm&mﬁd‘
Beased on the monitoring results ot one dairy farm, we have derived an
equation 0 model the transport of ™I from passure grass 1o milk. This
equation was then applied to the data from two other farms around Tokai-
Works and the caicubared ™ I activities in mitk were compared with those

measured. The equstion shows good predictive capabilities for quantifice-

mofﬁemckmmofmtmm&mmw

INTRODUCTION

Since tmanmumveeﬁmntﬂmmmwwm
mmmmmmnrmwmcmnmm
Nuclear Fuel Development Corporation (PNC)) located lmkm north of
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Tokyo. From 30 Aprl 1986, after the reactor acadent occurred at
first detected in the rzin of 3 May and thereafter we intensively monitored
air, fallout, water, soi]andagrnllmralandmannepmducrsaround'rokm-
Works, paying particular attention to activities of ™', ®Cs, “Cs, ™Rau,
mpy and *Am. Based on our measurements, we have derived an
equation tOpreductthcuansponof"‘Ifrompasturegrasstonu'lk
(Kinoshita, 1986).

METHODS AND RESULTS
Air

Airborne particles and gaseous iodine were collected using a cellulose |
glass-fibre filter (Toyo HE-40T) in combination with an activated charcoal
cartridge containing 10% triethylenediamine (Toyo CHC-50). The filter
andcanndgewerechangedandmeasureddaﬂystarﬁngonwAprﬂ.Theair
fiow rate was regulated at around 60 litres min™'. Radioactivity was first
measured by gamma-spectrometry. *Sr, m:0py and *Am were then

analyzed after chemical treatment of composite filters.
1 and other gamma-emitting nuclides were detected for the first time in

air sampled on 34 May at Tokai-Works. The concentration of the gaseous
- P was 1-1x10'Bgqm™® and that of aerosol-gssociated ™1
was 9-3 x 10~ Bq m™. The highest concentration of ™' | was measured in air
sampled on 8-9 Mmy Gaseous and aerosni-associated concentrations were
3-0 X 107 Bqm™ and 1-0 x 107 Bq m™, respectively. The concentration
 of P'I decreased gradually after 9 May (Fig. 1). The concentration of
aerosol-associated 'I declined during rainfall events to a greater extent
than did gaseous ™'I. The ratios of aerosol-associated ™[ to gaseous ™|
. changed daily. The lowest ratio was less than 0-035 in the 29-30 May air -
sample and the highest was'1-0 on 25-26 May, as shown in Fig. 2 which also
indicates the time and amount of precipitation. The average ratio during the
observation period was 0-32. One of the reasons for this variance may have
been caused, at least partly, by changes in the mcteofelogml conditions,
such as rainfall, which decreased the aerosol concentrations in the air (Fig.
1). Although gas-to-acrosol transformation of ™1 might have happened
during transit to Japan, if acrosols were preferentially scavenged by rainfail,
the ratio may havechangeddepcndimonthegmrﬂmamﬂordemmt
~ of aerosol-associated ™' 1. ’
. Other muclides detected were. ™Ru, ™Ru, ™Cs, ™Cs, "I/™Te,

— 58—
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' Fig. 1. Temporal trends of the coacemrations of "Rau ( x). gaseous ™'1 (O) and aerosot-
. associated Pl in air (A). S

"Nb, and "™Ce. The highest concentrations were measured in air on 8-9
May as shown in Table 1. Figure 1 shows the temporal variation of Ru
concentrations in air. During the sampling period, the average ratio of
MO /PCs was 0-5 which is the samie as found elsewhere (Bondietti &
_ Brantley, 1986; Devell et al., 1985; Fry erai., 1986).
gy Py gnd ' Am were 2lso analyzed, using two sets of composite
" filters obtained from 30 April to 21 May and from 21 May t0 25 June. First
' the filters were sshed at 550°C for 4 h, dissoived in HNO, and H,O,, and
then each nuclide separated chemically. ™Sr was analyzed by the
®Y.milking method and ™ Pu and ™Am were analyzed by aipha-
spectrometry. The concentrations of St were 4:1x 10" Bqm™ and
1:2 x 107 Bqm™ but those of ™**Pu and ™ Am were below detection
limits (®*Pu<37x 10°Bqm™*, "Am<19x 10 Bgm™).

~ Fallowt
Wet and dry deposition m w&ected in a tray (0-5m’) every month. The
total depositions of major nuclides in May are shown in Table 2. W Puand
™Am depositions were similar to those from previous measurements and

;au- |
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Fig. 2. Variation with time of the ratio of acrosol-associated ¥ to gaseous V1. @ is the ratio
calculated using the detection limit value for serosol-associated ™' 1. Rainfall is also shown.

TABLE ]
The Maximum Observed Concentrations of Radioactivity in Environmental Samples

?‘J’ll ‘ NR“ 'U‘R. f.ﬂcs mcs

ArP(Bqm™Y)  €0x107'  LIx10T 41x107? 22x1077 56X 107
Pant®(Bqgkg™!) 21x1?  30x10' 2% 1Oxw  18xie
Milk (Bqlice™!) 14x10'® - ° « 129 24

* Radioactivity within 3o of background.
) Ajr sampled on 8-9 May 1986.

@ Piant sampled on 11-17 May 1986.

B Milk sampled on 12 and 15 May 1986.
@ Mitk sampled on 22 May 1986
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TABLE 2
Radioactivity in Fallout (May 1936)
Ralicuctivity in fallout (MBq km™)

® Ru *Cs T Cs P20 py 1 Am

Wetanddry 2-5x 10° 67 x 10 14 x 10? 30x107° 1ox10”?

depasition .
Precipitation  2-0 % 10 62x 10" - 1-2x10° _- -

—= Not measured.

| TABLE 3 |
Observed " Ru and ™’ Cs Depositions for May through December 1986

Radioectivity deposited (MBq km™?)

" Ru e
May 25x I | 1-4 % 107 |
June 4-1 26 :
July : 1-0 gsx107 :
Aug. 3-ixp0t 10 :
Sep. ¢ : 27x 107! 5
Oct. ¢ . |
Nov. . 1-9x 107!
Dec. - | 2:2% 107"

* Radioactivity within 3¢ of background.

thus it is difficult to determine whether the Chernobyl accident contributed
at ail to these fluxes. ™ Ru and “'Cs were measured during the subsequent
months of 1986, as shown in Tabie 3. Prior to the accident, 'Cs deposition
had been above detection limits (<7-4 X 1072 MBq km™? per month) on,
typically, only a few months of each year.| -
Precipitation was measured during each rainfall period which deposited
radioactivity to ground. Precipitation in May was as follows: number of
events—eight; total precipitation—133-4 mm, average rate during each
event—1-6 mm h~'. From the May deposition data for the major nuclides
shown in Table 2 it follows that, on average, 86% of the total activity
deposition in May was carried by rainfall. B o
The concentration of *H in samples from the seven precipitation episodes
in May 1986 was, on average, 4-1 Bq ligre ™!, which is the same as the average

concentration observed during the previous seven years at Tokai-Works. .
. . .
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' Plants

Spinach, mugwort and pasture grass were also collected around the Tokai-

Works. Each plant was cut, homogenised by mashing and placed in 22 litre.

Marinelli beaker for gamma-spectrometric measurement. The highest con-
centrations of nuclides originating from the accident were observed in the
mugwort sample collected on 11-17 May, as shown in Table 1.

Figure 3 shows the temporal changes of ®'I, ™Ru and **Cs concentra-
tions in mugwort. Radioactivity decreased through radioactive decay,
natural removal and growth dilution. Air concentrations declined much
" more rapidly (Fig. 1), so that deposition of ™I from air to plants after 8-9
May was ignored in calculating the effective half-life in plants. Based on this
assumption, the effective half-life of 'l in spinach, mugwort and pasture
. grass, calculated by the method of least squares, was 5-1-5-7 days. The data

for the post-maximum activity period were used in the calculation. In a.

similar manner, effective half-lives of 9 days for Ru and 10-12 days for
(s and ¥'Cs were calculated. These results indicate that the half-lives of
the radionuclides in plants, with regard to natural removal and growth
dilution, are 10-12 days for ™Ru, ™Cs and "'Cs, and 14-20 days for 'L

ﬂ"b/o\o | o ' |
'S N | 1o ¢
§ | j’, ,.\‘,. E
L 7 t
g' & ./ \’/' .b|
g | «\’// :
f;.lo'- r\. | | f.
i1/ K
3 ” 1 .
0't |
|  MAY | JUNE |
Fig. 3. Radioactivity in mugwort versus time. O= "'1, A= Wy and x= B7Cg.
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These results may well indicate that the particulate materials were deposited
on to the plants, while gases were absorbed into them. Gaseous ™'I was
three times greater than the aerosol-associated °'I and thus weathering
removal was more effective for "°Ru, *Cs and *'Cs, the half-lives on the
plants for the latter group therefore being shorter than for *'1.

The effects of washing, boiling and ashing on nuclide removal were tested
using spinach. The collected spinach was parcelled into four lots, the first for
nontreatment, the second for washing in water as housekeepers do, the third
for washing and boiling, and the last for ashing. The boiling time was five
minutes. Each sample, except the ashed one, was cut, homogenised by
mashing and analyzed. The ashed sample was analyzed directly.

Decontamnation depended on the physical and chemical forms of the
nuclides. Thus washing removed 0-25% of the I (average: 14%) and 15-
60% of the *Cs and *’Cs (average: 40%). Particulate materials such as *'Cs
and ¥'Cs were more easily removed than gaseous 'I, which had probably
been absorbed into the plants through the stomata. On the other hand, both
washing and boiling removed 70-80% of the radioactivity, with little
difference between the nuclides. - |

The volatility of I during ashing was also examined. The plants were
ashed in a furnace at 450°C for three days. The results for 12 samples showed
that, on average, 86% of the original **' I remained in the ash.

Milk

Milk was collected almost daily in May and June at two dairy farms in
Naka-machi and Katsutashi, around Tokai-Works. The highest concentra-
tions found were: 1-4 X 10! Bq litre™! of **' on 12 and 15 May; 1-2 Bq litre™
of ™Cs and 2+4 Bq litre ! of *’Cs on 22 May. The concentrations of the other
nuclides were below detection limits. |

Marine produce

Marine samples such as whitebait, flatfish, seaweed, shellfish, shrimp and
squid were collected, along with seawater. D], ™Ru and '*Ru were detected
in seaweed, ™Ru, " Ru and "™Ag in cephalopoda and shellfish. "*Ag was
measured only in the marine products, the highest concentration being
4-1 Bq kg™ in the internal organs of squid sampled on 11 July 1986.

TRANSPORT OF ™1 FROM PASTURE GRASS TO MILK

The tra:ispoi't of Chernobyl *'I from pasfure grass to milk was evaluated,
the results being shown in Fig. 4. The concentration of '”'[ in pasture grass'
L L , _ 58 _- . . ,
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Fig. 4. Calculated and measured I in pasture grass and milk. Measured ™'I: x = in
pasture grass, O = in milk at Naka-Machiand A = in milk at Oarai-Machi. Calculated *'1:
" (arrows) 1 = in pasture grass, 2 = in milk at Naka-Machi and 3 = in milk at Oarai-Machi.

was 9:6 x 10! Bqkg™ (the highest value) on 6 May, decreasing to
4-1 x 10' Bgkg™ on 8 May following rainfsil and then increasing to

8-9x 10'Bqkg™ on 10 May. Thereafter concentrations decreased

exponentially with a half-life of 5-7 days. Dairy cattle were fed on the
pasture grass but feeding conditions differed between farms. The feeding
programmes at two dairy farms at which milk was collected are shown in

Table 4. . . o
In formulating an equation to predict the transfer of 'l from pasture

to milk, it is necessary to know the transport time from the feed into

the milk. Regulatory Guide 1.109 (NRC, 1977) assumes an average transfer
time of two days. The concentration of ™ I in milk decreases according to an

exponential function of one day haif-life (Miyamoto, 1979). *'1 in milk may

in theory result from the "*'Iin air, water and soil, besides feed. But even the
highest concentration in air here was 4-1x 107 Bq m™ (total) and this

" decrzased rapidly as shown previously in Fig. 1. The concentration of "I in.
water was less than 1:0 X 107! Bq litre™'. Thus, relative to the ™'I con-

centrations in feed, the other potential source materials are unimportant in

" determining the ™1 level in milk. Therefore only the input from feed is

.considered here. .




PNC TN8410 89-049

Environmental radioactivity around Tokai-Works

TABLE 4
Feeding Conditions of Dairy Cattle
Location
Naka-machi B Katsuta-shi

Dairy cattle 10 head 38 head
Feed

Italian ryegrass 30kg 10kg

Assorted feed - 2kg 6 kg

Crushed oats ' 2kg L —

Husk of bean curd - 6kg

Straw ‘ 1-2kg 2kg

Beet pulp —_ 1kg

(Dairy cattle were fed as shown twice daily)

Dairytime  Moming and evening (twice daily)

Milking ~15 litres day ™! per animat

Drinking water ~3 times milk production (40-50 litres day™")

Based on the above assumptions, we derived the following equation to
model the transfer of Chernobyl ' from pasture grass to milk:

Cu(D) = Fi.Y.K.{SC(1-1).exp(=Ac.)} | )
where

Can(D . the concentration of ®'I in milk on the day of milking, I, in
Bqlitre™; -

Fy + the fraction of pasture grass to total feed in the daily intake
(dimensionless);

Y . the pasture yield, in kgm™; - |

K " : the transport ratio from pasture grass to milk, in m? litre™";

C,(1—t) : the concentration of ™I in pasture grass on the day of
sampling, (I —t), in Bq kg™'; - T
Ac + the radiological and biological decay constant of '] in milk.

The constant, Ac, is 0-693 (Miyamoto, 1979). The fraction, F,, is deter-
mined by the feeding conditions (Table 4). The pasture yield, Y, is
2-8 kg m™? based on an estimate from unit acreage sampling. The transport
ratio, K, is calculated via the following equation, using the measured
concentrations of ™I in pasture grass and milk at Naka-machi during the |
period 5-12 May. The "'[in milk before 4 May is assumed to be zero.

K = Co().{F.Y.2C(1-t).exp(-Ac.}™ Q@ N

=t

~60—
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Seven sets of data from 5-12 May gave a K value of 0-087 = 0-012.
Therefore the equation for transfer of *'I from pasture grass to milk at
Naka-machi is described as follows: | -

Ca()) = 0-20.{SC,(1 —1).exp(—0-693.1)) B 3)

=1

The influence of ®'I in the pasture grass prior to seven days before milking
is ignored because it is calculated to contribute less than 1%.

Pasture grass was collected daily during 5-11 May but at reduced sampling
frequency thereafter. To calculate C, (I) from eqn (3), a series of seven
days’ data for pasture grass is ideally required. Hence the concentrations of
131] in pasture grass after 11 May were calculated by applying the method of
jeast squares to the measured data for the period from 10 May until 16 June.
These measured and calculated data were then used in eqn (3) to calculate
the concentrations of ®'I in milk. The resuits are shown in Fig. 4. The
predicted concentrations of 'I before 15 May are in good agreement with

‘the measured values but, beyond 20 May, the measured data show a
tendency to follow radioactive decay rather than the calculated trend.

In a similar manner, eqn (1) was applied to the data from the other dairy
farms in Oarai-machi and Katsuta-shi, located 20 km and 3 km south of
Tokai, respectively. The concentrations of ' I in air were almost the same as
those in the Tokai-Works. Only the feeding conditions were different. The
dairy cattle at Oarai-machi were fed 30 kg of pasture grass daily, half that at
Nakamachi (Igarashi, 1986). The results for Oarai-machi are shown in Fig.
4. The calculated data show good agreement with the measured values in
milk, especially around the peak activities, but the calculation under-
estimates the levels observed in the longer term. Thus the measured )
concentrations decreased more slowly than predicted by the model. The
data for Katsuta-shi show a similar tendency. Biological metabolism and
contributions from air, water and soil may therefore need to be taken into

account in more precise assessments.

ICONCLUSIONS

. (1) ¥Zr, ®Nb, ""Ru, '*Ru, usgh, P=Te, I, 21/'®Te, *Cs, ¥Cs,
- WR,{w g “Ce and “‘Ce were detected in a variety of environmental
“samples. "™ Ag was found only in marine products.
(2) Gaseous I activities were, on average, about three times greater
than those of aerosol-associated *'I, which changed daily. - ‘
(3) The average ratio of *Cs/"”"Cs was 0-5. |
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(4) The effective half-life of ®'[ in plants was 5-1-5-7 days, and those for
1B Ru, ™Cs and *'Cs were 9-12 days. - | o
- (5) Washing removed, on average, 14% of ' and 40% of *'Cs and *"Cs
: from plants, respectively. Washing and boiling removed 70-80%. Little ™'I
g | - was lost during ashing. R .
B * (6) The derived equation shows a relatively good relationship between the
j = predicted and measured "'l levels in milk.
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