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EXPLANATORY NOTE

The Papers of the IRPA 5th International Congress inciude the texts
of the material to be presented at the meeting. Papers are re-
produced in their origipal language and without any editorial
correction.

The papers are organized in three vojumes:

YOLUME I contains, chronologically, the papers presented at the
Congress on Monday, March 10, and Tuesday morning, March 11, 1380.

YOLUME II contains, chronologically, the papers presented at the
Congress on Tuesday afternoon, March 11, and Wednesday all day,
March 12, 1980.

VOLUME IIT contains, chronolagically, the papers presented at the
Cengress Thursday all day, March 13, and Friday morning,
March 14, 1980.

The papers which did not reach the Secretariat by the deadline have
been omitted from the sessions in which they were presented. If
they arrived after the deadline but befgre printing began, they
have been included in an Addendum in each Volume.

The papers presented in Oral Sessions appear in their order of
presentation; the papers presented in Poster and Poster Discussion
Sessions appear in alphabetical order (by first authors' names).

For a listing of Plenary (PL), Dral (0}, Paoster (P} and Paoster
Discussion (PD) Sessions, please see “Contents".

Each valume is headed by an Information Section, which is identical
in each volume and includes the foilowing:

- Contents
- Internaticnal Meeting Committee (IMC) and
International Meeting Program Committee (IMPC}

An alphabetical 1ist of all authors appears at the back of each
volume, and also includes the authors of papers which appear in all
three Addenda.

Pergamon Press Ltd., Headington Hi11 Hall, Oxfard, 0X3 OBW, U.K.,
will be printing the papers after the Congress. For copies please
apply directly to them.
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LibIanUH FROMECII0E a572008 10 ZECCLITISSICHTLG OF A FEL
FRCSZS3ING FLalll

z. Kotrappa, 7.F7. Josnl, Health Praysics Division;

LK. Theyyurni, E.M. Sighwa and V.X. Fadkarni, Tuel Feprocessi

Division, Thabha dsoric RBegearch Centre, Trombay, Bombay - 43

T

I7DTA.

TETREDUCRION

The Fuel Rerrccessing FPlant at Trombay {1) was designed as a
pilot plant 5o édevelop the technology of chemical processing of
irrmadiated nuclear fuel., The chenical process eaployed was a Purex
typey solvent extraction process. The alurdrnium clad rnatural uraniuc
fuel frop the TINTS reactor was successfully preocessed im thig
Tlans {2},

sfter a leorg pericd of cpermtion, it waa decided t& carry out
1 partial decormissioning oF this plant with a view to medifying the
~lant te Increass its capacity, to impreve the safety features and vo
extend its ugeful life. Any major medifications of a nuclsar chemieal
¢lant mcuire macsive decontzminaticn and decommissioning efforits to
ermit easy ard unrestricted entry of personnel fer the new
ingtallation work.

Tn the gase of the Trembay Teel Rernrccessing Plant, these jobs
have been suzcegsfully ecarried out, Salient featurss of thess efforts
rave already been degcribed (27, The purpese of the tresent uaper is
to rrovide infcrmation on the radiation protection aspscts of such
an operation,

DIGDATTLING AND BEUOVAL OF FROCESS ELUIFNELT

The recoveranle nuclear materials from the vessels ang coluons
were removed by repeated ringings. The internal decontamiration
campaizn for these was wnern started.

mnitinl radiaticn surveys were carried ous by lowering wide
range 15 remn, self reading desiveters atioched te lenmg thin rods or
ctrings. After several washings, the radiation Ievels cn the equirments
vwere reduced o levels below 250 =r/hr. Thewe were spots of much
1L.&r levels which could bte leocated only after enterinz the celis.
hese latter survers were carried oul by using wide range r’oue
meagureins ingirumente with extendzble arms {uptc 4 meterar. The
digmantling of the eguipsments and pipinz was done by eleciric are
ctitting. The ‘ma-ry egulerents were lifted by a crane through the cell
top plug crenings and stered in a previously unused cell.

“hen the .lld alver cff-gag filter wag digeornnected from the
suction side, e amma radiaiicn lewels in front of fhe "13rb
cpevings vere unexrectedly hizsher “'ncarW_y 10 Him s) ihar the Jamra
deze ri1tes o the body ol the £.7. container of the filter., This wag
Aue Lo bremetrahlune lew eneryy X-rars, which could be easmily shielded
by a retal eap. If nct anticipated or measured guch high radiation
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thriugh the Ilapged cpening ecurn cause excecszive exposires.

Reta rad¢iation dese rateg were also contributing te the workers
expogures. Due to spllls of hold up ligulds fror out pipes cr
ccntaminated stagings and walls, high teta lose rnzen 3U to 30 tiwey
she gamma dose rates were ohgerved. The heta dAcme rate levsls were
reasured with 2 grall icrnization chacter type imzirurent. Itg
regpenae wig czlibrated using an extripelation charber, I'cr the
imedizte estiraiinn of the teta doses rmeeive? by the workar
wie rade ¢f a pair cf dosimeters, cne of which =
Tays by cears of T.E. wahe. The differernce
Two dosireters was uzed toc egtiwate the beta oy dC‘
was 2lso ealibrated for ao<~1r~etqg tf betd rays frov
rrocucts, using nn exLroi}olis :

Er!.C"l WCTRAET W E
eguinrents congigiing rJf under,arnents, coverall, ventilated e plece
plasiie sult novering the body from the teoecs 1o the nueck, 2inoil cap,
sraznzrarent plasiic need covering the sntire nead and fege, tne zuirs
of rubber hand gloves and ankle higk rukber 1w beots. Zack worlx
uzed a supplied air nogiftive presoire rescirator econnoctad 4o o=
cormpreszed air guprly staticrn by a 10 te Zv meters long mibber
presgure hose. With this protective zear, a norzer counld ~arry cut his
agzipmed jobz omly upte 20 minutes. The hest gtress und excegaive
sweating caused fatigre and eahaustion. In tre initfal si=zges the high
raddation levels sedt limits on working sime to less tharn © zinute:.

DECCEUAVINATION CF CELIS3 AYD CNTER A

A Jarge effort was spent cn the deeccontaminziior of cell
interloras and adiacent aress such as dilution telles, rod siorece hay,
tunnels in the samwlir, gallery, the cubticles nouzing “he service
purps 2nd the ,lnuo“ibh. srocessing armuan.

By mepping and rosing withhigh precwure water tuch of the
rercvable coptamination was remeved. Fixed contaxination or the wallg

and floors hrd 6 be remcved Yy preumatic drilling. To prevent spread
0f contamiraticon fdve to airberme dust or by ligui '151, only srall areas
were fully decontaminated and reclamied at a tizve. Turing Irilliing of

ccnicrete surfaces water spraying of the spod being remcved, helped

in limiting the amcimt of airborme dust, A1' the Grilled surfaces weze
refilled with freah conerete and all surlaces were
of paint.

ven 2 resh ccat

0F RATICACTIVE "WASTEES

™he 1llquid wastes generated Jduring the internal decontamination
¢f the procean equipments were corcentr-’:\:ed by evaroration and
iransferred te the underground storgs tanks.

During the dimmentling cuemtlon._,, the unusakble itens ard a
large guantity of wmetal scerap produced were put in drums and sent as
1ciive wagste for burial. large urwileldy iterms were degontanirated o
an extent permittlng trmeir cutting and nandling. The drizs were moved
by emine 2r.d put in the shielded trangnport contairers.

Zuring trke 2ccontamination work cf the cells and cther areas,



larpe ancunts of solid and liguid wastes were generated. The solid
vaste cornsisted cf cotton rops and rags, conerete rubdle, small aize
cn%eilit vepap c-d polythens and rTubber items. These were paciced in
rlassic bags. Tor safe transport the bags were put in drums which were
transported to the disposal site and breught back for reuse. The ldiquid
wigtes were tuft in plastic carboys which were again put in secondary
retal containers before ehipment for immcbilizaticn and hurial. The
or;anie liguid waste from cne cell was sent for disposal in a 3.5.
tank in a zingle let,

tany of the cperations w#ave rise to airtorne radicactivity. The
normal plant ventilaticn and filtration system could adeguately handle
these situations. A meticulous record was raintaired on the release of
activity through the stack.

Tabkle 1 gives the volumss of solid and liquid wastes and
activities released through the stack,

TABLZ 1., Discrarges durlng Decommissicming

Solid Tastes Liguid Tasztes

Stack Relezme

L4
1
1
L]
> H v . N
masa(h”Y ) Drums(”) ! Incrganic(d) ! 5, 4
! ] —{ Crganieil”; ! Alpha | Zeta
I ¥ HIL X HIL ¥ H i\ mCi | med
I 1 I 1 L
BCO 5 86 278 &4 170 2.2 0.3 C,03 2.7 2544 614

L = Low active (less than 2C0 =r/hr}; 4 = Middle active (2CC
te 1000 mr/hels H = High active lzreater than 1000 mr/hr).

COFIRCL AID MEZASUREXENT CF RADIATICH DCSE I0 WORKERS

Zach day's work was plapned through a system of specilal work
pe-mts requiring details of (i} work to he done; (1i) radiation
surveys of the area; (ii1) the autnerised dose ic the workers; and
(iv) the pretective wears and dosimetry systems to be worn and guch
other relevant informetion.

¥ormally a standard film badge, a g2lf reading dosimeter, 8 self
reading dosimeter with 2 beta shiald (1.5 mz 3.5. sleeve) were wom on
the chest. In special cases additional Tilm badzes were uszed on wrisss
and feet. In zost of the cases workers were exposed to significant
beta doses. These were taken inte account by adding 1/6th of the beta
dose t¢ the gamm dose and calling the sum as the whole body dose.
Zven though such addition was not reguired by the I.C.R.P. reconmenda-—
ticn {I.C.R.P. 26} gives a factor of 1/16 as the weighting factor for
sxin exposure.

The total dese commlsment for this work was aroumd 3CCC man-rems.
Lut of thig nearly 1000 man~rems were due to doae from beta radiaticn
EXLOSUTE & (E’his meansg that the total beta dose was GOC0 heta r.:an-mms}.

A shadcw shield whole beody counter was availakle full time for
this jobs Yorkerg were scearmed for intermally deposited radlozctivity
within a weew after their job. & plutenium lung counter was also



available for estimition of chegt buriens ol plutonium. all the
workeTs were subjected to bicassay procedures for body burden
egtirmt jon of fissicn products, sluloniurm and uranico.

CCNCLUDING RENABKS

The work was completed safely by using relatively zimple but
fully reliable protective wears. The entire job waa done by the siaff
rormally agasoriated with tre crerstion of the plant. This aspect
contrizuted significantly in the manngazent and contrel of personnel
exposures. Jood planning and supervialen of the radiasion werk during
all the phaoses resulted in keeping the extermal dceses o individuils
below the anrual limit of 5300 millircrms. There was ne case ol any
intermal contamination resulting in a doze commitrent in sxcess cf 107
of the annual limdt. General industrial sifety precautions cust ulso
be tollowed in such jobs in which cozpressed zir, seaffcliings and
ladderg, slippery surfaces, harmful chemicals, sharp cbjecis and a
nogt of ¢ther lurking causes gy lead tc serious injury.

A job of thia type lcoks staygerinc in the initial s.aze. A
large responsibility rests con the health ohysicists in buildiny, up the
confidence of the radiation workers in ithe efficncgy of zafety measures
and dose contrel methods. %e were fortunsate in Yaving 1 band of
decdlcated wcrikers ~ho tcck o *he tisk in 2 2ineom ind very cooper-
abive ranner. Cur experience shows that decormissioning of nuclear
chenical plants can safely be carried cut using the presently availatle
technical facilitieg anc scrurpulcusly following tre srinciples and
procedures of Health Fhysics.
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THE PRACTICAL APPLICATION OF ICRP REQOMMANDATIONS REGARDING DOSE-
EQUIVALENT LIMITS FOR WORKERS TO STAFF IN DIAGNOSTIC X-RAY DEPARTMENTS

J.Re Gill, F.¥, Beaver, J.A. Dennis

fealth and Safety Zxecutive, london and Kational Radiological
Protection Board, Earwell, CK

In many diagnostic examinations using X-rays in hospitals, staffl
work in the X-ray room with the patient, aAnd wear lead aprons to
protect their bodies from the radiation. The effect of the
protective apron is to reduce the dose-eguivalent received by those
parts of the body that the apron covers, leading to grossly non-
uniform irradiation of the body as a whole., Under these circum—
stances we have to consider how best to monitor the exposure of the
individual.

APPLICATION OF ICRP RECCIMMENDATIONS

Where there is non-uniform irradiation, ICEP (1) recommends
that the annual dose-equivalent limit of 50 millisieverts should te
applied to the expreasionﬁ:TwTﬁT wnere wp is a weigniing factor
representing the proportion of the stochastic risk resulting from
tissue T to the total risk anéd Hp is the annual dose~eguivalent in
tissue T. This expression is referred to as the arnmual effective
dose-equivalent,

Let us exanine how the effective dose-equivalent is influenced
by wearing a lead protective apron. We will assume that the radia-
tion field is uniform and that the apron protects the trunk leaving
the head, neck arms and legs exposed. Let us further assume that the
anmual desge-equivalent in protected organs is 34 and that in
unprotected organs is 2. ICHP assigns weighting factors wr to the
gonads, breast, red bone marrew, lung, thyroid and bone surlaces and
the remainder of the body.

In the situation deseribed the pgonads, breast and Iung are
protected while the thyroid is unprotected. The red btone marrow is
distributed o that approximetely 80% is protected while 20% is
unprotected {2}, The mean dose-equivalent in this tissue is there—
fore 0.8849 + 0.2Hp. Data for the distribution of bone surfaces are
not available but from the distribution of dry bone {2} we oay
asgume that they are divided in approximately equal proporticna. The
mezn dose-egquivalent here is therefore 0.5H; + C. 3.

For the vremainder of the body, ICRP recommends that a value of
wp = 0.06 is applicable to each of the Tive organs or tissues
receiving the highest dose-equivalents and that all others can be
neglected. There zre more than five organs and tissues in ithe head
and neck {e.g brain, salivary glands, tongue, pharynx, larynx, etc)
and theae are all unprotected. It follows that they will receive
higher dose-equivalents than organs in the trunk and therefore the
dose-equivalent to be applied to the remainder is Hp. Table 1 zhows
the derivation aof the annual effective dose-eguivalent.



TARLE 1. Annual Effective Dose Equivalent when a lead apron is wornm.

Weighting Factor

Anrual Dose-

Weighted Ammual

Tissue e Bguivalent Dose-Equivalent
: {HT) (HTHT)

Gonads 0.25 Hy 0.25H,
Breast 0.15 Hy 0.5,
Red Bone Marrow 0.12 0.8E4 + 0.2H, 0.096H1+ 0.024H,
Lung 0.12 Hy 0.1284
Thyroid 0.03 Ho 0.03H,
Bone Surfaces 0.03 0.BE¢ + 0.5H2 0.015H,4+ 0.015H2
Remainder 0.3%0 Eq G. 50H,

Anmual Effective

o+
Dose~Bquivalent 0.631Hy* 0.369H,

The value of the annual effective dose-eguivezlent obtained in
this way may be rounded to give:-

D q¥pFp = 0.6y + 0.4Hp ==~ Formula 1

To make use of Formula % in practical situations, Hq may be
estimated Dy means of a dosemeter worn on the trunk under the
protective apron and Ho may be estimated by means of a dosemeter
worn on the collar or forehead.

COMPARISON WITH PUBLISHZD DATA.

Formula 1 is subject to a number of simpliflying assumpiions
{notably the uniformity of the radiation field as a whole and the
uniformity of 1rradiation of tissues within the protected and
unprotected parts of the body}. It is therefore important to
compare the result of using the formula with that obtained by measure
ment of individual crgan or tissue doses. Wghni and Stranden {3%)
have published measurements of the absorbed dose in most of the
relevant tissues in a variety of operating conditions using a phantom,
fitted with a lead apron {0.25 mm lezd equivalent), %o represent a
physician or nurse standing close to a patient undergoing X-ray
examination.

In Table 2 the effective dose-equivalent has been calculated
using the data of Wghni and Stranden. Unfortunately their data do
not include doses in organa of the head and neck with the exception
of the eye lene and thyrold. Both organs being close to the bedy
surface, doses in these organa will not be typical of organs such as
the brain. Arbitrarily, therefore, and for want of better data, we
have taken the mean absorbed dose in the gastrointestinal tract,
measured without the lead apron, for the dose-equivalent in the
"remainder"™, Alse given in Table 2 are valuea for the effective
dose-equivalent abialned by the use of Formula 1 {above). For this
purpose the doses meagured in the breast and thyroid have been
agsumed to be equal to the dose-equivalent as weasured by a dose-
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meter located on the trunk under the apron (H1) and one on the
collar outside the apreon (Hg) respectively. All the values in the
teble are expresged in the original units, i.e rads for 1 rontgen
exposure on the outside of the apron at the right hand side of the
thorax, and are guoted for a female phantom.

T4SLE 2. Derived values of effective dose-eguivalent in X-ray work.

Hadiological Conditions

60 kVp 80 kVp 100 kVp 120 kVp 140 kVp ¢ ..,
oc* UC OC  oCc  OC oc 0C UG

Affective doan-
equivalent derived
from measured organ
doses

0.681 + 0udHy 0 0,21 0.25 0.25 0.24 0.29  0.25 0.26 0.32 0.29

0.08 0.1% .12 0.14 0.25 0.15 0.16 0.29 0.29

* 0C = overcouch tube, UC = undercouch tube
#* 5+] was a simulated stomach and intestine examination
**# 4 taken ap the dese in the breast, Hp taken as the dose iIn

the thyroid.

Inspection of the values given in Takle 2 shows that there is
good agreement between the effective dose-egquivalent obtained from
nezsured values of organ doses and that obtained by application of
the formula. In all but one of the cases the valuee differ by less
than a factor of 2 and in none of the cages is the value based on
the orga=n doses higher than tne wvalus obtained using the formla.

EFFECIIVAE DOSE-=qUIVALSNT AND EYE LEKS.

Previous authors, e.g Littleton, et al (4), have considered
that in work of thia nature the principle cause for concern regerding
the cxposure of parts of the body not preotected by =n apron is the
dose-eguivalent received by the lens of the eye. In Table 3 we have
compared the effective dose-equivalent derived from measurecd organ
doses as a percentage of the annual doge-equivalent limit for the
whole body {50 millisieverts) with the eyec lens dose as a percentage
of the annual dose—equivalent limit for the lena (300 millisieverts),
in each of the conditions of measurement of Wghni and Strandsn (3)
when a protecti apron is used.

The table shows that in all casea but the first (60 kVp, over-
couch tube) the effective dose-eguivalent calculated from organ
doses is a bigger percentage of the annual linit than is the eye
lens dose. In the first case the two are approximately equal
percentages of the annual limits. It can be concluded therefere
that if the effective dose—equivalent is limited to 90 millisieverts
per annum the annusl limit for the lens i3 most unlikely to te
exceeded, particularly i1f the effective dose-equivalent is assessed
by means of ihe formula.



TABLE 3, Dose-equivalent in lens, and effective (whole body) dose-
equivalent, as percentages of annual limits {for 4 rdntgen

exposure )
Radiological Conditions
60 kVp 80 kVp 100 kVp 120 kvp 140 kVp o -
0c 1TC CC 0c ac oc oc uc
Eye lens dose 1.8 2.0 1.9 2.0 1.8 2.0 1.9 1,9 tet
Effective doge-~

equivalent 1.6 3,8 2.4 2.8 5.0 3.0 3.2 5.6 5.8

PRACTICAL APPLICATICN

In principle, to limit the effective dose-equivalent to 50
millisieverts per annum, one should use two personal dosemeters and
apply Formula 1 to the results obtained from the dosemeters. However,
in practice it will not be necessary to ineist on two dosemeters
being worn in all cases., If, in the light of experience, the dose
recorded by the bedy dosemeter (H1) is found to be very small
compared with that recorded at the collar (Hp), the former may be
dispensed with. This would apply to the resulte in the first three
columns of Table 2 where Hp contributes lees than % of the
effective dose-equivalent. TUnder these conditions, an annual limit
of 125 millisieverts can be applied to Hp (i.e from the formula with
E4q taken as zero and the ammual limit of effective dose-equivalent
taken as 50 millisieverts). If on the other hand, despite the
protective apron, there is significant exposure of the trunk, a
single dosemeter worn at the collar will astill suffice provided that
the annual whole body limit of 50 millisieverts ie applied. It is
only in those few cases where such an approach would be too
reatrictive that two dosemeters need to be worn and the formuls used.

REFERENCES.
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SOME RADIATION PROTECTION FRUBLEMS IN A CANCER HOSPITAL AND
ASSQOCTATED RESEARCH INSTITUTE

K.C. Trott, W. Anderson, R. Davis, R.P., Parker, D.M, Carden,
Nina Pearson and Elizabeth Harbottle.

Departments of Physics and Wuclear Medicine, Royal Marsden Hospital
and Institute of Cancer Research, Sutton, Surrey, SM2 5PT, England.

The Royal Marsden Hospital and the Institute of Cancer Research
both derive from the original Cancer Hospital (Free} founded in 1851
by Dr. William Marsden at a site in Chelsea. From the beginning
the hospital had a dual role - care of the patiant and research.
This has now become a large multidisciplinary organisation, com-
prising a postgraduatc teaching hospital within the Maticnal Bealch
Service, and an independent Research Institute which is part of the
University of London. Different branches of the organisation are
located in three sites many miles apart. Both Hespital and
Tnstitute make extensive use of ionizing radiation in therapy and
diagnesis, and in clinical and laboratory investigations in radio-
nuclide work. Four linear acecclerators, and several telecobalt,
telecassium and orthovoltage sets are used in beam therapy and
there is a wide range of X-ray diagnostic equipment, including a
computed tomography whole body scanner. Brachytherapy involves an
annual turnover of about 3.7 Thg (100 CL) (Cs-1137, Ir-192, Au-198)
administered as small sealed sources to some 430 patients, while
the annual administration of unsealed sources, in diagnosis
(Tc=99m, etc) and therapy (7-131, etce) is about 3,0 TBq (80 Ci)
involving some 10,000 paticnts. [n the Institute, a range of
radionuclides, notably H3, Cl4d and 1-125, are used at tracer and
higher level, and there are irradiation facilities with high
activity (~50 TBq,~1.4 kCi) Co-B0 sources.

Tn this paper we first identify some of thec problems we Face
in ensuring that our protection organisation respouds appropriately
to the latest recormendations and legal requirements in radio-
logical protection, against a background of steady inerzase in the
scope of our radiation work. In recent yvears there have baen
sharp increcases in the volume of work with unsealed sources, and
we draw special attention to our experience in these areas.

RESPONUEE T RADIOLOGTICAL PROTECTION RECOMMENDATIONS

For over 20 years we have imposed upon female staff of repro-
ductive capacity, an annual whole-body dose-equivalent limit of
15m4v, to be accumulated so far as possible, at a uniform rate.
This limit was imposed in the coantext of a wide range of brachy-
therapy procedures, including associated nursing of patients, the
primary aim being to cnsure a good standard in limitation of
foetal dose if any of the exposed staff become pregnant. In our
experience, with constant attention to protection procedures,
including the control of dose accumulation by personnel monitoring
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such limitations appeared to be readily achievable in all our radia-
tion practice, From about 1970 we had moved towards imposing a

15 mSv limit for all staff and only a very small group have been
allowed even to approach that limit. Our response to ICRPZ6 has been
te confirm our position but to focus even more attention on the ALARA
(as low as reasonably attainable) principle, For our establishment
we now regard the breaking of a 153m3v limit as evidence of inadequate
control rather than of need for worker classificatiom. Nevertheless,
it is administratively valuable to us, particularly against the possi-
bility of an incident, to recognise that occasional dose accumulation
up to the ICRP recommended limit {50mSv/annum) might still be

regarded as acceptable,

To reduce the attention required to dose control in brachy-
therapy procedures, we have supported within our hospital the intro-
duction of significant changes in radiotherapy technique over the
years, such as total replacement of Ra-226 by Cs5-137 and Ir-192, the
development of convenient small-source dispensing equipment, the
use of after-loading techniques, and the provision of & special
brachytherapy nursing unit equipped with inter-bed and mobile shiel-
ding structures plus television and intercormunication systems for
observation-nursing. We have also developed our teaching programmes
in radiological protection, including special instruction for
nursing staff within our Nursing School (1),

Despite these efforts, the pressure on our protection organi-
sation continues to increase markedly, but only in part through our
rising work-load in radiastion procedures. Our attention to control
of dose to patient has been much increased, espectally in relation to
our important commitment to mammography {2}, the '10-day rule',
quality control procedures in diagnostic radiology and new safsty
requirements in radiotherapy installations., Additionally, we are
beginning to encounter new administrative requirements stemeing from
European and National Regulations on Health and Safety, and the
demands for attention from Trades Union representatives through
powers granted by such regulationa.

WORK WITH UNSEALED SOURCES

Control of external radiation exposure is exercised by our own
film monitoring service which has maintained records of staff-dose
within our establishment for more than thirty years. We regard the
constant use of the information derived from this service as a
crucial element of our protection arraigements, not only as a means
of meeting our self-imposed limit on staff-dose accumulation, but
also as a way of identifying at an early stage any significant
changes in the collective dose-equivalents for different groups of
staff. Additionally, inspection of films provides a useful check on
any looseness in contamination control., Within our many departments
surveillance of procedures is exerciscd by departmental radioclogical
safety officers, and primary control of contamination is by routine
contarination monitoring. A low background whole-body counter and a
thyroid I-125 assembly are also used for countercheck measurements.
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NUCLEAR MEDIGINE

From somewhat primitive beginnings some 30 years ago {using
open bench procedures and a spirit lamp to sterilise the airl} we
have progressed to air-conditioned radiopharmaceutical clean rooms
housing lamimar flow cabinets, at both branches of our hospital (3).
During early periods of low work-locad our chief concern was contami-
nation control, However, in the late 1960's our work-load increased
sharply; in 1969 a total activity of 630 GBq (l/ Ci) in a wide range
of radiopharmaceuticals was administered to some 3000 patients, The
accumulation of external dose by a small group of staff was then evi-
dent but still relatively small. The work-load has, however, con-
tinued to increase with the 1979 total of activity administered
exceeding 3 TBg (BO Ci} chiefly Te-9%m in warious forms, te some
10,000 patients for a wide range of diagnestic examinations, Exter-
nal dose accumulations by staff also continued to increase and by the
mid-1970's the annual collective dose-equivalent for our nuclear
medicine group {~v20 staff - medical, radiography and nursing} had
risen to some 40mSv.

In considering the problems of external dose, we note particu-
larly the gain resulting from the use of more sensitive equipment
{in reducing patient measurement time} and from attentien to tech-
niques of administration,

We have made detailed investigations into the control of dose
to the hands (4), (5), (6).

RESEARCH

We have given much attention to procedures involving I-125, and
have noted the problems reported elsewhere {7}. 1In one pathology
laboratory here some 20 members of staff are involved in labelling
technigues, using up to 74 MBq {2 mCi} in each procedure and over
11 GBq (300 mCi) per year. A Class B laboratory with hipgh grade
fume cupboard igs used for this work. Staff are instructed to self-
monitor, including the thyroid, by contamination meter, and counter-
check measurements are made periodically by Physics Staff usirg a
thin erystal Nal detector. Under these conditions during two years
we have only detected I-125 in about one third of these workers, at
levels generally of 370 - 740 Bq (10 - 20 nCi).

One traumatic experience with tritium deserves mention. In
spite of our centralised control on radionuclide acquisition, a mem-
ber of our staff acquired, by an unusuval method of requisition, an
aguepus solution of an organic compound supposedly labelled at high
specific activity with 92.5 GBq (2.5 €i} T and supposedly free of
labile tritium, In spite of our Instruction Manual, our loecal
rules, our B-laboratory facility and our safety officer, an open
bench evaporation of the soluticon was conducted. Later analysis
showed that wvirtually none of the tritium had ever been associated
with the compound. As a result of the evaporation procedure, the
taboratory and its equipment were substantially contaminated and
body burdens reached the ICRP investigation level in several staff.
The decontamination procedures were lengthy and the interruption of
important work programmes was Severe.
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STMMARY

By giving steady attention to the design of facilitics and the
arrangement of procedures, and wirth an active persounsl monitoring
policy, relatively large scale radiation commitments within medical
and research organisations can proceed with individual whole-body
doses to staff being held well below 13mSv/annum. Such control
generally relies heavily on the experience of a small group of staff
within the organisation, who now face increased problematical
administrative commitments [rom secent legislation.

In spite of detailed attention to control of radiation work,
traumatic radiatiop incidents may still occur.
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RADTATION FROTECTION IN THE DENTAL PROFESSION.

B, Holyoak*, J.K. Overend+, J.H, Gill*

#{ealth and Safety Executive, London, + National Radiological
Protection Board, Leeds, UK.

INTRODUCTION

Prior to 1974, factories within Great Britain were subject to
Hegulations made under the Factories Act. Within teaching and
research establishments, radiation was, broadly speaking, subject to
non-enforceable Codes of Practice. Im 1974 the Health and Safety at
work etc., Act was made; this sets the regulatory framework and it is
enforceable within all premises where there are employed persons.

An yet no statutory provimions which relate to dental radio-
graphy have been made under this Act; these will be enacted in the
near future as part of wider legislation to meet a Euratom Zirective.

The Health and Safety Executive (HSE) initiated a survey in
1977 in order to acquire detailed information on the standard of
radiation protection in dental practices. This stemmed, first, from
the need for HSE to wmeet its enforcement duties, secondly, to devise
a basis for regulatory requirements and, thirdly, tc evaluaie the
dental postial pack provided by the National Radiological Protectiion
Board {(NEPB),

METHOD QF ASSESSMENT

The poatal pack method of asgessing the performance of dental
X-ray sets was developed by the NHPE to enable relatively large
nuabers of X-ray sets to be checked cheaply. Its primary aim was to
make it unnecesgsary for an experienced surveyor to visit each dental
surgery, whilst retaining the capacity to collect all the
information necessary to make recommendations regarding the compliance
of the equipment and procedures with the accepted radiological
protection standards. The system was designed toc measure the
linearity of output, the cone tip exposure rate, the heam diameter
and an estimation of beam quality in terms of added aluminium
filtration.

The method of assessment consists of two stages., Initially
the dentist is agked to complete a queetionnaire regarding the
equipment, its operation and the radiographic procedures used im the
practice. At the same time he ip asked to expose three monitoring
films at the tip of the X-ray cone for timer settings of 1.0 3, 0.7 s
and 0.% 8 respectively. From the exposures recorded on these filma
the linearity of output of the X-ray set is assessed.

On the basis of a tentative estimation of the cutput of the
X-ray get, the dentist is sent specially developed caasettes for
exposure at the tip of the cone for a specific tlmer setting which is
designed to give an exposure of approximately 8 mGy. 4An X-ray film
in the cassette iz used to determine beam diameier and a standard
personal monitoring {ilm, behind filters, is uped to measure the
other parameters.
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Added filtration is by far the most difficult parameler to
meaoure., However, the apparent doses recorded on the personal
monitoring film behind two copper filters and anp unfiltered area can
be used to estimate added tube filiration toc an accuracy sufficient
for radioclogical pretection purposes, If the unfiltered to 0.48 mm
Cu filter apparent dose ratio is plotted against the 0.1 mm Cu
filter to 0,48 mm Cu filter apparent dose ratio, for a series of
exposures made at various known tube filtrations and kilovoltages, =a
family of curves will be preduced. Bach curve represents a
particular tube filtration value and an interpolation betwern curves
can be made [or exposures made on equipment whose tube filtration is
not known.

Previous experlence had shown that cone tip cxposures in
general are much greater than is nocessary for the production of a
good gquality radiograph. A series of experiments with a phantom has
revealed that for a given type of radiograph, there is a direct
relationship between kilovoltage and the cone tip exposure required
to produce a satisfactory radiograph (1), The 0.1 mn Cu to 0.48 mn
Cu apparent dose ratio gives a good indicaticn of operating kilo-
voltage and this is used to aszesa the cone tip exposure required
for the production of a gatiefactory radiograph. This exposure is
then used as a basis for making recomendations regarding timer
settings for different radiographic techniques.

Poersonal monitoring films were worm by dental staff duving
each of three consecutive months.

GUIDANCE TO PRACTITIORERS.

Dentizsts were chosen at rendom from a list of practitioners
offering treatment within the National Health Service.
Participation in the survey was voluntary. The standards againet
which each practitioner was evaluated were those set out in a Code
of Practice (2), for medical and dental uses of ionising radiation.
In 1975 all dental practitioners within Great Britain were issued
with a synopsis of the Code (3) specific to dental radiography.

Following each assessment, recommendations are given, in
writing, to practitioners to enable them to improve, or maintain,
the quality of thelr radiographs while minimising the radiation dose
te etaff and patients.

The results presented here relate to two phasea of the survey;
Greup A consists of the first 585 practitionera surveycd. Between
the end of phase A and the commencement of phase B an effort was
made to give additional guidance on radiation protection to the
prefession as a whole, this was based on the evidence from the Group
A survey. The guidance consisted of a detailed article published
in the profeseional literature (4), and a placard listing simple
rules whlch was gent to all practitioners at the time of
publication. Resulte from 194 Group B dentiots are available to
date. No member of Group B was a member of Group 4.
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SURVEY RESULTS

It is possidle to give only a synopsia of the results in this

paperi-

(i} Personal Radiation Dosc to Dental Staffl

Results From film badges worn for 1 month

< 53 uSv
= 50 nSv
s~ 100 uSvy
> 200 psv
=500 pSv
=1000 uSv

(ii) Zeam Diameter
> 7.5
>6,0

(iii) Bean Filtration

1,5

but <100 pSv
but <200 pSv
but < 500 pSv
but <1000 uSv

cms

mm 41

(iv} Mo "Y-ravs on" warning siemal

() Dental gtaff holding film or tube head

(vi) Dose per exposure
»6.6
35.0

mSv#*

nEv

Group A

B2. i
5. 8%
715
3.4%
0. %
0. 6%

[,
# 3
R

—
-y
=28

s
L7

208

5T
768

Group B

97. %
1.6%
1,09
0.1%
0.1%

5456
70%

* Experimental work {1} has indicated that, depending an

the kilovoltage of the equipment, a good radiegraph

should be obtained with exposures of between 1.3 mSv and

6.6 mSvy as measured at the cone tip.

Further information derived from the survey included other

important factors such as film processing techniques, timer

accuracy and reproducibility, location and maintenance of eguipment
and the level of instructicn and supervision given to dental staff.



CONCLUSIONS

Comparison of Group 4 with Group B tends to indicate an
improvement in standards. This may be partially due to the general
educative campaign; it may result from discusszion within the
profession prompted by the HSE Survey programme. Another possibility
may be two "natural phencmena", these being the ageing of cquipment
and the ageing of dentists. In the former, cld equipment is
replaced hy equipment which should mcet present technical standards,
Ag dentiota retire they are replaced by dentists whe have recently
completed their formal education, It is the latter who are,
generally speaking, more appreciative of the hazards and of correct
radiographic procedure.

It is anticipated that the standard in the practices of
Groups A and B will further improve when individual recommendatlons,
based on survey results, have been implemented.

The postal method of survey, reinforced, where necessary, by
vigits from inspectors, is z cost effective method of promoting
Tadiation safety for dental staff and is a useful aid to the
enforcement of sgtatutory requirements. Farly results are
encouraging; 1t is intended to resurvey each dental practice every
6-7 years and it is clear that the enforcing authorities must
maintaln contact with the suppliers of dental radlographic eguip-
ment and with the dental schools.
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A METEODOLOGY FOR THEE EVALUATION OF COLLECTIVE DOSES ARISING FROM
RADIOACTIVE DISCHARGES TO TEE ATHMOSPHZRE

Johr Hallam and Gordon S. Linsley
¥aticnal Radioiogical Proiesgiion Board, Jarwell, Didcot, Oxomn, U.K.
INTRODUGTION

The wsual approach to protecting the public from exposure to
radicagtivity in trhe environment hag been based on identifying the
critical pathways to man for particular radionuclides. DIy controlling
the radiaticn exposure of the critical organs of individuals in the
population who were most highly exposed the remainder of the popu-
lation could be assumed to be adecguately provected. The system of
dose limi*gtion proposed by the Internmational Commigsion on Radio-
logical Protection (ICRP) irn Publication 26 (1) is based om the con-
sideraticn of the tctal risk agsociated with razdiation expogure and
it has become necessary to evaluate the radiation exposure of iIndi-
vidualg Dy all pathways fror all radicnuclides to wnich they are
exposed. At the same *ime the total health detriment from a radico-
lcgical practice has Decome recognised ag an important zusntity by
which the radicoiogical harm to exposed popuwlaticns can be judged.

The ICRP alsec recommends {%) *hat once a radiclogical practice has
beon ghown to be fustified, any resulting radiation exposure shouid
ba kept 28 low ag reasonably achievable. The dual enphasis an total
dose to an individuel and on optimigation with the latter implying
the reed to evaluate total heslith deirinernt means thait the exposure
of the whcle popula*ion must be considered, through all pathways and
fer all radionuglides for ae Long as they pereist in mans environment.
To achieve tnig objective when considering releases to the atmesphere
it is necessary o have an understanding of the way in which radio-
active effluents are digpersed in the environment, of the transfer
processes which take place from the envirenment to man and of the
vatial digtribution of the population arnd of agricultural practices
around the discharge roint.

Tt i difficulT to define a single rediclogical quantlity which
adecuately describes the total number of health effecis which will
appear in an irradiated ropulation. The collective effective dose
equivalent commitment ag defined in ICHP Publication 26 {1} has been
used elsewhere as a lirgt approximation to such a guantity sithough
the limitstions of this approach nave besn =acognised {(2).

In thig paper a methodology is described for evaluating coll-
ective dose fron the major routes of expogure following a release o
atmosphere. The routes considered are inhalsiion both of the mater—
ial in the initial ¢loud, and that meguspended from the ground, ex-
ternal irrediation from the redioactive decey of the material both in
the cloud and depesited on the ground, and irgestion ol redionuclides
trensferred through the foodehain.



ENVIRONYEHTAL MOTELLING

An atooscheric dispersicn model (3) is used 4o devive the szpa—
tizl digtribution cof the activity arouand the relezse point taking
inte account the height of the releass and the pefeorological Tara-
meters specific to ikat site. Troe radiaticn ecxposure of an individual
from inmvslation is evelusted froo the air comceniration at any point
using an abprorriaite breaihing rate and & xmowledge of the doze
distribution to hunar orgens and tiszues per unit ol activity inhaled.

The individun® expooure $rom oxfcrnal irradiabticon by both clco-
irors and phctors from the materic]l ir the cioud is zlsoe evaluated
frow $he air concentration. A serl-irfinite cloud zedel is used to
evaluate the absorbed desc in alr frox electroms; since the sensitive
wasa? layer of the skin is at an average depth of TOm, a correction
factor is necessary to cbtain the relevant dose ccuivalent. The
abgorbted dege in air from photons is cvaluated by means of o finite
alovd Todel which taxes account of fthe distributiorn irn space of tre
naterial in the glcud. The absorbed dosge in gir ig converted fo
dose equivalent in bedy tissuse using factors devrived by Pestor and
Sryder ().

The amount of activity depcgitfed or the ground by both wot ard
dry deposiiion Techanisns ig eveluated ard the radiation expogure
“rom exterral irradiation from the depecited material ls caleaated
texing into account the migratiorn of the setivity down into the seoil
{2). T"he air concentratiorn fror resuspension processes and hence the
dcge from inhzlation of resuspended material ig evaluated using a2
time dependent resaspension factor (2).

The radicactivity appearing in foodstuffs is cstinated by using
g time dependent focdenain medel {5} which relates the level of
contamination in the foodatuffs produced al a gpecific locatiom to
the amount of naterial deposited there. Tae dynemic natare of ihre
mode! cnables tine deuendent processes, which may be imperiant for
long lived radionuclides, to te represcnted @ these include the
build-up of activity in soil amd animal tissues and the migration of
sotivity through the =soil., Other imporiznt mechanisms involved irn
the transfer of activity to foodstafis derived fron plants and
animzls are represented in the model; they ere iniexrception and
retertion of deposited activity on Tlant surfaces, resuspension,
translocation and root uptake into plants, transfer to aninels by
censunption of contaminaled pasture, inadvertent congurpizon of seil,
inhalaiiorn of the irnitial cloud and remaspended activity and toe
metabolism of radioruclides in the anita’s following intake.

POFJIATION AND AGRICULTURAL DATA

Te models degcribed above allow the radiation exposure of indi-
viduals to be calculated from a variety of routes and the activity
appearing in various foodsiuffs at ail points around the diacharge
site to be evaluated. 7o complete the estimalion of collective doge
it is necessary to know the distrivution of the population and of

igultural practices around the aite of interest. In agsessing
the collective dose from the ingesiion pathwey it is assumed that all
activity reaching foodstuffs igz congumed by man; it ig thercfore
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wrmecessarTy to make assurpticns corcerving individusl dietary in-
takee.

Pooulalion data in the form of z listirg of the numbers of
teople living in ezer o sguare of the Natiomal Grid ef Gzeal 3rit-
air, as reccrésd at the 1971 cengus, together with sinilar datzs for
Wortherr Ireland, are uszed to deiernine the wumber of people at =
given dishance in a given dirgstior "Tom the site, as shown In

figurs 4.
Similarly, grids of agriculiuvral preduciion rave been geoneraled

toped on nalicral zgrloenl*ural atatissico. Sk grids exisi for the
rost igportart agriculiural prolacts cs identified in the foodchain
nodel ie grain, green vegetatles, rool crops, besf, cows liver,
mutton?fﬁmh, aheeps Liver and cows nilk.

EXAMPLES OF CALCULATTCHS

Tae conbribution by eacn exvozure pathway toc colleclive come
from a swgll segmen! of area is calcilaled by combirirg ssiimates o
the iréividual dese witn the vop:lalion of the gegnent or tas doge
poer unit mags of foodgtuffs with produstior ir the zegment. The
tetal collective dose for cach owxpomure pathway im the sun of the
contribations from all such segronts around the point of dizcherge.
Tnis process 1 reopeated for each nuclide and pathwey o cvaluaste he
total collective dome [rom a dischargo.

An gxample of the rogilts of colleotive dose calculatiors is
ghown in figu—e 2. The variation of the curulative peopulations and
collective doses fron [ irradiatiorn with digfiance fron the peint of
discharge arve contrasgied for the discharge cf krypion-B5 frem two
gitos A and T whose population charzcierislics are quite diflerert.
Yhe ratio of the totzal cclleclive doge frem univt discharpe at sife A
“0 that at 8ite 3 i8 1.7. The rale of acorniiation of collective
dcse with distancee ig very different for the iwo sitez. The nsjority
of *the collective dose a% sile 4 cores Tronm cuize close to the site
and consegaently the individazl doges cortributirg to thse colleoctive
doge are generally higher then Zz the cesc Tor gite D.

A similar exzmple is ghowr in figure 3 whore the verialior with
digtance cf gcumalative milx production ard colleccotive dome from the
irgestion of conteminated nilk ard mitk preducts Zron ihe rotease of
I-121 ig givern. Here the differecnce Jir the total colleciive doses
from Lhe twe gites O and Tt which ame located in markedly diifferent
agriculiural areag ig even more prorounced, the ral

-ty
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COLLECTIVE DOSES DUE TO RADIOACTIVE EMISSIONS I'ROM NUCLEAR
PLANTS

H. Bonka and H.-G. Horn
Lehrstuhl flr Reaktortechnik, RWITH Aachen, F.R.G.

In publication No.d6 ({1} ICRP recommends the use of
cost-benefit analysis for the optimization of the reten-
tion of ;adivactive materials in nuclear facilities, This
Reguires the evaluatiocn of the collective effective dose
egquivalent commitment. While the collective doses can be
evaluated generally for airborne effliuvents the ccllective
dose for the water pathway is highly dependent ¢on the ri-
ver under consideration.

COLLECTIVE DOSES DUE T0O AIRBORNE EFFLUENTS

Due to different numerical methcds it is useful to
separate the evaluatiorn of collective doses into first
pass exposuare and glebal distribution. The annual average
air-concentration for first pass exposure within a 50 km
range can be evaluated using the Gaussian Plume model, For
greater distances a homogenous distribution over a constant
mixing layer is assumed (2}. Conmparing the calgculation of
collective doses with an homogenous 360 deg. distribution
and much more complex metheorological statistics it ke-
comes obvicus that there is no significant difference. The
emissicon height alse is of negligibkle influence on the
collective doses. The contrikution to the collective doses
by the direct vicinity of the plant - where the emission
height is of influerce - is small, as shown irn =zab. 1.

Parameter analysis have shown that there is little
difference in the eguivalent collective doses for all si=-
tes in the F.R.G.

The global distribution can be evaluated with multi=-
compar tment models (3,4,5), see fig, 2 for 14¢C e.g,.

For the calculation of the ingestion dose caused by
35, 14¢ and 1297 via first pass exposure, it is sensible
to use the specjific activity model. The average air con-
centration of I for the F.R.G, as well as for other
countries is about 1o ng/m? (7). An upper limit of collec-
tive doses due to iodine, except for 291 and aerosols,
can be evaluated with the models and data given in (8},
taking into accound mean consumpiion rates of food. Cau-
sed by the high number of people and the very small chan-
ge of air concentration in far distances, the contribu-
tion to the collective doses via first pass exposure in
these areas is much more important than that in the vici-
nity of the plant. For this reason it 1is not necessary to
regard the local statistics of harvest, which would make

This worx was sponsored by the Federal ¥inister ol the
Interior of the F.R.G. under the number St.Sch. 68ca
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evalugrions much more complicated.

i first pasSs exbcosure 1s a special problamn. Boing
emittod as tritiated wator, 3K contributes to the radia-
tion expoesure via contanination of feed and ”Tinkiﬁq WA =
ter. The concenuration of “H can be evaluatoed casily with
a rainfall of approx. 4oc mn/yr which is che it Ton
af trhe oceans ¢ the toital rainfall of approx. Yoo mm/iyr.
When calculating with the toral rainfall, ecvaporation has
to be taxen into account {9).

The colleclive eifective dosc commitmoent can b
juated using the welghting-factors given in [TR2 2
In this paper a tozal collective el feotive dose ogui
cormiivment ST wilth additional consideraticn of the
went after the 2Znd genersticon (1) and thoe extoernal &-ra-
digticn (70} in definecd.

Tab. 2 shows the total cclleclive oficobive dose eqgui-
valont conomitment 57 reiated to 5 Ci 3E, 1“C, cz-JI{r, '11[,
1291 4nd acroscils for first pass axnosuero., 1
sols a typical naclide composition of thoe o
repreeessing plant. was usced (171, he appr
tion of 3H collecctive doses Sor dlifferent
snocwn in tab. 3.

Iin addition, tab. 2 contains the total coliec:
effeorive dose c? «ble“t conmizments due to gleball }
distribated EH, 4L B5%r and 12%1 as a function of
grat.icn time.

From uncv iewpolint ol a Pos*—benef'

“he in

soEn In
and 1249

fig. 2, thy greated_ Lcntrﬁhu1¢on te 8o Irom &
csults from times [onger whan oo yoars. For the
nefit analysis, Lhe irtegration Lime shouald bo i
years, btarging inteo acoount a world population of
ple. Using ecconomical meithods, the cos: of desrinment
shou.ld be discountnd. Tah, 4 shows the diuscounted oo’ Loa-
Live dose
Fer the fist pass edpesure i sront siten ware and-

lyscd. Stack relcases at sites like Windscale which are
geograpnlically extremely dilferent from thoe ncrth-cast
of Germany result in a decrease of collective doses  of
approx. 3o %.

COLLECTIVE DOSES V1A THE WATHR PATIWAY

The collective dose dun to liguid rel
vaers can bo evaluatoed for actual siles on
tion ¢f the river is of great importanco
a riv Er with a mixing voelume of Tooo n3 /s im ahod
by 1o" persons as drinking wator, Lthe tokal collrctive
cffective dose equivalent commiirment due o 3H would bo
abcut c.oot man-vem/Ci. 17 theozonsumption of Siash woeuid
ke loo t/yr, S¢p due o the mesl isportant radicnouclides
would he apprex.: 9900 - o.00l man-rem/CL, $CSr-oo.1 ma
rem/ci, 134Cs - o.0% man-res/Ci, 13708 - 0.02 xmarc.-rom/Oi.

ity rai-
atiliza=

R
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INFLUSKRCE OF THE MOST IMPCORTANT DJATA ON THZ CALCULATION
OF THE MAXIMUM RADIATION EXPOSURE IN THE VICINITY OF
NUCLEAR FACILITIES

Schmidtlein, P., Benka, H., Hesel, D., Horn, EH.-G.
ehrstuhl fiir Reaktertechnik, RWTH Aachen, F.R.G.

The Radiation Protection Ordinarnce in tke F.R.G. de-
mands that the radiation exposure resulting from the ope-
ration of a nuclear facility is kept as low as pcssible,
taxing into account the state of sciernce and technology.
In (1) the methods for the calculation of the maximum ra-
diation exposure are determined,

ILLIVANT RADIONUCLIDES

Wnen analysing the radiaticn exposure due teo raciornuclides
released from nuclear facilities in more detail, cne can
see that only a few nuclides deliver relevant contributi-
ons to the radiation exposure. Fig, 1 and 2 show the con-
tributions of the most important nuclides in the vicinity
0of a pressurized water reactor wvia the air and water path-
way (2).

ir the case of the air pathway especially the noble
gases and C 14, as well as I 131 for the thyrcoid, are de-
cisive for the dose. The dose via the water pathway is de-
termined by H 3, Cs 134 and Cs 137.

The dose in the vicinity of a repreocessing pianc is
governed ky a few nuclides as well (2), Due to the long
cooling time becween the unloading of the reactor and the
reprocessing of the fuel elements the relevant nuclides
like 3 3, Kr 85, Sr %o, Ru 106, I 129 and scme trapsura-
nium isotopes are all long lived.

INFLUEYCE OF THE MOST IMPORTANT DATA

The calculation ©f a radiation exposuare has to consider
the distribution of radionuclides in the atmosphere and
the hydrosphere, the transfer into the foodstuffs and the
cransfer into the various organs after inhalationr and in-
gesticn.

Basing on this contamination of the environment, the
maximum doses can conly be calculated exactly for external
submersion ané&, when using the specific activity meodel,
fer H 3 and C 14 (3).

The irhalation dose can also be calculated sufficient-
ly exact, if the input parameters are known. Here the in=-
fluernce of the aerosol size distibuticn is only important
for extreme acrosol sizes {(very large or very small dia-
meters}. If the dose conversion factors are weighted over

This work was sponsored by the Federal Minister of the
Interior of the F.R.G. under the number 5t.Sch, 675
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the size spectrum o©of the natural aeroscls 1 um can be de-
ducted as a median diameter {4). Fig. 3 shows the irhala-
tion doses for various particle diameters of a Sr %o aero-
scl standardized on the dose for 1 um,

The calculation of the ingestion dose is hichly sen-
sitive to the deposition behavicur ©of the airborne radio-
active material, as well as thce transfer and concentration
facrtors ir the food chains. When considering the size spec-
trum of the aerosols in the calculation of the deposition
velocrty for fallout ané washout, it shows, that the pre-
sent calculation procedure resulits in an oOverestimation of
the deposition velocity by a factor of 5.

The transfer data for the most important nuclides
5r %0, Cs 137 angd I 131 have bkeen determined after atcmic
bomb tests. As the values laid down in (1) are stilil heing
discussed, the importance for the dose calculation was
examined.

Fig. 4 and 5 show the influence of the plant-, milk-
and meat transfer factcrs o the incestion dose. The dose
calrulation was simplified ccrresponding to the forrualae
stated in fig. 4 and 5, whecre x is the long time disper-_
sion factor, N is the precipitacion, x is the distance, u
is the mean wind velocity and v Is the food pathway (plants
milk, meat, fish). Mostly for Sr 9c an increase of the
trarsfer ground=plant has a considerable influence on the
dose. This influence, however, decreases when the loss of
radionuclides into deeper scil layers and due to harvest
is considered {(5,6).

For the water pathway the accumulation factors in
fish and most ©f all the high consumption rate ({39 kg/yr}
are very important {fig. & and 7}.

The variation of ground concentration due to loss of
radionuclides via washing out into lower scil layers and
harvest 12 shown in £ig. 8 and §.

It can, however, be assumed that the maximum possible
doses for these nucliides whick are of greatest importance
for the dose, can be calculated sufficiently conservative.
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IMPACT SANKITATIRE DU PROGRAMME NUCLEATRY FRANUATS TN 199C.
Carlo Maccia, Francls Fagnani.

Centre d'Etude sur 1"é&valuation de la protection dans le Dumaine Nu-—
cléaire (C.E.P.N) — FONTENAY-AUX-ROSES — FRANCE.

INTACOUCTION - RESUME.

Le développement préwvu de l'industrie électronucléaire [rangaise
dans les annfes a venir, souléve [e probléme de 1'&valuation des consé-
quences radiologiques pour 1'envitonnement et pour 1'homme dans le ca-—
dre du foncticonnement pnormal de chaque instatlation.

Nous avens définl & 1'horizon 1990 un “scénario" correspondant &
I'état d'avancement prévu du programme frangais, en nous linmitant i la
filiére 3 eau pressurisée (PWR).

Pour chague installation du cycle du combustible {(mines, usine
de conversion, réacteurs etc -..), nous avous évalué 3 partir des dJon—
nées frangaises disponibles, cing types ¢'indicateurs du risque radio-
logique [1i& au fonctionnement normal vendant 1 an :

- lgs aotivités des rejets liquides et gazeux,

- 1l'éguivaient de dose effectif individuel en bordure de site,

~ 1'Cquivalent de dose effectif rollecti! peur les populations dans un
rayon de 25 km,

- 1'équivalent de dose effectif individuel et cellectif pour les tra-
vallleurs,

- les effets sanitaires théeriques radieo-induits.

Enfin, dans le cas des radionucléides de trés lonpue période
rejetés par t'usine de retraitement du cowbustible irradi@&, nous avons
calculé I'engagement d'équivalent de dose collectif étendu 3 la popu-
latien nationale et mondiale.

LE SCERARIO A L'HORI1ZON 1990.

Le scénarioc "nucléaire” gue mous avons Jdéfini tient compte de
la perspective d'évolution de la demande et de 1'offre d'électricité
envisagde actuellemcnt pour la Frauce en 1990. Il est caractérisé par
une production anmuclle totale d'énergie &lectrigue de 330 TWh, assu-—
rée par le fonctionnement de 30 tranches de 9400 ¥W({c} ct 28 tranches
de 1 300 MW(e) de la filiére PWR, pendant 3 200 heures par an en moverr
ne. Les gquantités de matidres mises en jeu par ce scfnario’ au nmivesu
de chaque étape du cycle du comhustihble nucléalire sont données dans le
tablean n® 1. A ces guantités, 11 convient d'ajouter leg preduits de
fission résultant du retraitement éu cembustible irradid, {coviron
35 tennes) ainsi que la production de plutonium (9t/an).



Tableau n® | : Quantités annualles de matiére.

Etape du cycle Flux annuels telatifs i 63,4 CW(e) (T/an) %

Usine de concentrationm 230
Usine de conversion 620

7 U paturel
B
Usine d'enrichisserent 8 620
1
¥
1

U naturel

U contenu dans 1'UFg

U enrichl contenu dans 1'TUFg
Al

U contenua dans 1'UQs

x 63,4 GW{e) = 330 TWh : 5 20C h.
IMPACT SANTITATRE SUH LES TRAVAILLEUHS.

Usine de fabrication 460
REacteurs 4b0
Usine de retraitement 460

M~ =+ Mot Tt

Les conséquences sanitaires pour les travailleurs du cycele du
combustible nuelaire assnclé au prograrmme gue nous avens refenu, ont
&té évaluées & partir des données suivantes

- nombre de travailleurs exposés,
- équivalent de dose effectif individuel moyen par wvele d'exposition,
- coefficient duse—effets de la CIPR 26.

le tableau n® 2 fourni les résultats pour 1'enseuwble du pro-
gramme coasldéré [4].

Tableau n® 2 : Impact sanitaire sur les travailleurs.

fnetal. TEE Hﬁfw— "Dase indiv. Dos L_:(_J]_TE’HV{_ E_i'?r':s
{statutaires) (mSv/an) {honme sievert) sanitalires

_-MINES 7 450 T _h']_:__'F_- o __l‘d-ﬁ .3 1,7 o
—I_RAIT__ 2 020 5 10 _ 0,16
coxvixs.  ssex s 43 o1
CEwRlGH. &0 5 32 0.05
CeaBRIC. 130 s 67 w01
CREACT. S 120 25 2823 x 7,8
CRETRMIT. 4 4s0x 10 46 08

TRARSE. 790 A o _"3.‘,’1-_1 o fI-D‘S_ o

£ Statutaires + Fntreprises extérieures.

I1 est A noter gue l'exposition des wmineurs due aw radon n'est
pas prise en compte dans le calcul de la dose Ilndividuelle moyenne
ce chalx est 1i1& & 1'incertitude importante concerunant la relation -
entre le "Working level Mounth" et le "Sievert" (de 6,03 & 1 Sv/WIM)
d'ol la sous—estimaticn du risque des mineurs [171.
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L'estimation de ]'effectif pose Te probléme du personnel appar-—
tenant aux '‘entreotises extérieures" intervenmant dans 1l'exploitaciun
des installations pendant leur fonctionnement normal. Ce personnel
n'est connu et n'a &té pris en corpte gue pour deux installations
(conversion et retraltement). ans le cas précis des réacteurs, 1'es—
timation du risque est has@e sur 1'hypothése, conforme a 1'expériance
actuelle, d'une répartition de la duse collective entre les deux caté—
gorles de trawailleurs : statutaires (40 Z) et non statutaires
(60 %) [3]1.

IMPACT SANITAIRE SCR LE PUERLIC.

Compte tenu de 1'hypothése de fonctionnement normal de toutes
les Installations du cyele et de leur répartition géographigue (7% %
en berd de riviére et 25 % en bord de mer, pour les réacteurs par
cxemple) neous avoms estimé les effets sanitaires pour le public en
pénéral, dans un rayon de 25 km sutour de chague site. Le tableaa n° 3
fournit les résultats pour l'ensemble du cycle du comwbustible P4l

Tabieau n® 3 : Impacts sanitaires sur le public.

Population  Dose 1ndiv. Nose Lndiv.

Installations sites (< 25 km) critique noyenne “aiiiigies
(1) mSv/an (2} mSv/an s ’ ’
Mines (10 % Wi
zﬁa;?eZi:? 5 293 900 (10 “WL)(5) AR T R S T
Trnerat 3,10 ° 1,6.10 ¢
Conversion 2 358 500 - - -
Inrichiss. 1 202 Q00 2,6.10 ~ 5,2.107% 1,7.10 "
Fabrication - _ _
du combust- 1 92 400 8 .10 L,6.10 % 2,410 ¢
Réacteur (6} 15 1 986 500 1f§¢ﬂ10_2 5,;,{0_2 9 .10 " 1,4.10 7
Retraitement 1 25 900 1.10°Y 7,2.10°% 1,1.10° % 4,7.10° 7
(7
Transport - - - - 0,2
TOTAL 27 2 958 600 - - 0,44

(1) Calcul&e pour la population frangaise en 1978
{2) Fxposition de 1'individu théorigue le plus expnsé pour chague site
{3) Fquivalent de dose effectif de 1'adulte le plus exposé
{4) #quivalent de dose effectif de l'enfant le plus exposé
{3) WL : working level (unité d'ewpusition dans le cas du radon)
(6) vValeurs pour 3 types de sites, respectivement, bord de riviare,
4 x 900 Mw(e} ; bord de rividre 4 x 1300 MW(e), bord de mer
4 x 1300 MW(e)
(7) Emetteurs a non compris
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Dans le cas de 1'usine de retraitement nous avons &valué, pour
les radionucléides, de longue périede (I'?%, ®x®%, Cc'%, H?) 1'enpage-
ment de douse effectif collectif pour 500 ans d@ 3 un an de fonction-
nement normal, pour la population frangaise et mondiale.

Compte tenu du comportement de ces radip@léments dans 1'envi~
ronnement ainsi que de leur propriété physique, nous avons obtenu les
valeurs suivantes [2]

au ; i anitai les radio éi de le Eri .
Tableau 4 ; Impaet sanitaire des radionucl@ides de longue périede

Equivalent d'engagement de dose Effets sanitaires radioinduits
collectif (homne—Sievert) théoriques (%}
Katicnal Moncial Nationatl Mendial
197,6 286,56 1,3 4,7

% Scmatiques + Géndtiques.

CONCLUSIONS.
A la lumiére des résultats présentés ici upus pouvens soulipner,
entre autres, les points suivants

1. La différence importante entre le risque collectif des travailleurs
et le risgue collectif du public.

2. la spBecificitd du probléme de 1'@valuation de la dese collective
des mineurs.

3. Le pourcentage de la dose collective des travailleurs des centra-
les nucléaires exprimés par rapport 3 la dose travailleurs totale
(~70 %).

4. Enfin le tdle partieculier de 1'usine de retraitement dans le ris-
que collectif du public en général.
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DTAGNOSTIC X-RAY EQUIPMENT EVALUATION IN BRAZIL

Anra ¥aria Campos de Araujeo,Jodc E.Peixoto and Vera R. G.
Reis

Department of Ionizing Radiaticon Applications,lnsti-
tute of Radiation Protection ard Deosimetry (IRD), Atomic
Energy Comissicr, Rio de Janeiro, Brazil.

As in many courtries all over the world, also in
Brazil there was a marked increase of medical X-ray
installaticns and the number of examinatiens "oer capita"
during the last decades. Up till now there are a very
little statistics regarding freguency of X-ray examinations
the main factors affecting radlation exposure and the
conditions of the equiprent available.

After 1877, the IRD had the possikility te perform asurvey
on the main part of diagnostic X-ray installations all over
the country. Ti1ll the moment we have checked 790 X-ray
machines.

This program included statistics as well as tests of
the technical conditions. These tests included: radiaticn
gquality {i.c.kilaovoltage and filtration), tube out put,
bean collimation and protection devices.

About 34% of the X-ray equipment tested in this work
arce used for dental radiography and 66% are uscd for cther
routine examinations includind fluoroscopy and those
performed by mobile units.

Tablce 1 presents a survey of the number ofphysiclans
(radiclogists), radicgraphers, examinations per month,films
used and lost, 1n 10 big Hospitals, where 120 X-raymachines
are installed. When these measurements have been performed,
arcund 10% of the machines werc not functioning because of
different reasons, mainly due to technical falluresamd lack
of a correct place te be installed and/or of trainred
pecople to run them.
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TABLE 1. Survey of 120 diagnostic X-ray machines.

Number of Hospitals 16G

Nurmber of X-ray Machincs 120
Physiclans (Radiologists) 80
Tadiographers 260
Lxaminations per Month 51100
Films Used per Month 157300
Films lLost per Month 40060

RADIATION QUALITY

Regarding radiation gualilty in practice means testing
the coincidence cof the guilovoliage indicaled at theconlrcl
pancl with the guilowoltage applied to the tuke and Lhe
inherent filtration. As it was proved impcssible to use a
voltage divider in such a field test we choocse the method
publtshed by Ardran and Croods {1} for determination cf the
guilevoltage., Tt is based on film desimetry using a special
film-screen corbiration 1n specially prepared cassette.One
half of the cassette contains a pair of high resolution
screens and the other half a pair of high spced screcns.

The cassette is covered with a sheet of lead
in which two rows of holes arc cut, one over each pair of
screens. The row on top of the high speed screens is
covered with a copper step wedge. When a f£ilm is exposed in
this cassette it will show a row of spots with identical
optical density resulting from the high definition screcn
arn ancther with decreasing optical densities, accerding to
the different copper thicknesses covering the high screen
causing the exposure of this part of the film. From the
spct in this row which shows the same optical density as
the spots in the olher row onc can get the applied
guilovoltage by means of a calibration curve established
for this device,

TOTAL PFILTRATICN

The total filtration was determined by means of HVL
measurement abt a certain kV value determined inthe described
way. The total filtration correspornding to measurcd BV was
taked from KCRP Repeort 33. (2)

TUBE QUTPUT

The purpose of measuring the tube ocutput underdefined
conditions was to get an idea about the conditions of the
tube, i.e., the age or, if necassary, the power of an
unknown gerator type.

The dosimeters used were a calibrated Raldwin Farrmer
with a 30 cc chamber and a Pitman with a 35 ce chamber.

EXPOSURE T IMrp

As most installaticons did not include an automatic
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exposure centrel the correct functicning of the timirng was
cf special importance. Tnis was checked with an electronic
device, developed by our Institute, covering a range of 1
ms up to 900s.

COLIMATICN CF THEE USErULL BEAM

when the tube housing was equiped with a ligth beam
cellimator the coincidence of the light field with the
radiation field was checked by exposing a film,

Wnen only cones were available the field size in the
pilane of the patients surface, i.e., 20 cm above the table
top was calculated. 1In Table 2 we can see the type of
collimators used in the machines of this naticnal survey.

TABLE 2. Type of collimator

Cone 36 %
Light Bear Diaphragm 51 %
Without Collimator 13 %

SPECIFIC TESTS

Besides this basic program applicable to all
irstallations a few more tests were dcne 1n special cases
like image amplifiers with TV chains and tomographic
eguiment. These tests consist of measuring the dcse rate
to the skin of the entrance side and to the entrance of
the imadge amplifier using a phantom.

wWith tomographic eguipment the simetry of the
tomographic moverent and the coincidence of the indicated
heigcht of the plane with the height of the plane with the
actual helght were tested according to ICRU Publication
89. (3}

RESULTS

From all the measurements reallized Iln each X-ray
equipment, we got for: total filtration, kivoltage, exposure
time and field size the figures shown in Table 3.

TABLE 3. Survey of 522 Dlagnostic X-ray Machilnes

Kind of test Correct (%) Not correct (%)
Total Filtration 38 62
Kilovoltage 58 42
Exposure Tinme 63 37
Field Size 46 54

In regard t¢ Radiation Protection, 40% of the rooms
were In wrong conditions related to the staff and the
public. We emphasize that almost all the X-ray Departrments
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visited do not use any personal dosimeter.

In the field of <Cdontclogical X-rays, we found that
30% of the rooms were incorrect in relation to radiation
protection.

In conclusion, from 268 Odontelogical X-rays machines
checked, only 9% were warking in correct ceonditicons, in
regard to the techrical paramecters and the radiation
protection.

Finally, Table 4 presents the iigures for the
technical parameters checked ir the 268 machincs.

TAELE 4. Survey of 26% Odontological X-ray machines

Kind of fest Correct (%) Not correct (3#)
Total Filtration 79 21
Kilcovoltage 54 46
Exposure Time 52 48

Field Size 70 30
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SURVEILLANCE OF X-RAY MACHINES IN ISRAEL

A, Donagi, J. Hai, M. Kuszpet

Research Institute for Environmental Health,
Israeli Ministry of Heaith.

Ionising radiation s widely used in Israel for medical,
industrial and research purposes. Early in 1964 it was recognized
by the Israeli Health Authorites that the use of X-ray machines
for diagnostic purposes is the main source of artificial irradia-
tion of the population, Table 1 shows the distribution of radia-
tion machines {mostly diagnostic) that are currently under
surveillance of the Israeli Ministry of Health,

TABLE 1. RADIATION MACHINES USED FOR MEDICAL PURPOSES [N ISRAEL

Radiography 350
Radiography + Fluoroscopy 270
Radiography Portable 200
Fluoroscopy Portabie 60
Mammography 9
cT 5
Dental 3,400
Panoramic 40
Ortovoltage 20
Cob0 10
Linear Accelerator 4
Veterinary 25

In order to assure that X-ray machines are used according
to the recommended safety standards for both patients and operators,
a nationwide surveillance program of diagnostic X-ray machines has
been carried out by the Research Institute for Environmental Health,
which i5 operated by the Ministry of Health and the Tel-Aviv
University. According to the Israeli law, al1 the X-ray machines
owners must apply to the Ministry of Health in order to obtain an
operating license for the equipment. At present diagnostic X-ray
machines are surveyed at least once every two years while dental
machines are surveyed once every three to five years. The suryeil-
lance procedure includes the following items:
a} Registration of the diagnostic X-ray machines,
b} Check of the structural shielding {scattered radiation},
c; Check of the reproducibility and tinearity of the X-ray
machine.
d) HVL measurements.
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e} Check of the X-ray-light field alignement.

f} Check of inherent filtration.

g) Instruction of machine operators in appropriate radiation
control procedures.

h} 1Issue of recommendations regarding personal dosimetry,

A1l the tests are carried out following BRH's Routine
Compliance Testing for Diagnostic X-ray Machines. Furthermore the
Institute advices machine owners abcul the design of structural
shielding,

In the Tast years there has been an increased concern about
doses to the patient following X-ray examinations. In order to
compare X-ray techniques used in different hospitais in Israel,
the NEXT {Nationwide Evaluation of X-ray Trends) program, developed
by the BRH was utilized, On the basis of the findings of this
project, necessary correction steps were taken in order to reduce
the radiation dose to patients. It is planned to extend the MEXT
program in the future, in order to compare the dark room conditions
ameng different hospitals. It is believed that the lack of standard-
ization in the dark voom conditions is responsible for overdoses to
patients. Furthermore, a comparison of X-ray image qualities using
appropriate patterns will be carried out.

Following an initiative of the Institute, a special Committee
was nominated by the Minister of Health, in order to evaluate the
health implications of the irradiation of pregnant women, The
Committee recommended that doses below 5 Rem, in any stage of the
gestation period do mot justify performance of an abertion; while
doses over 10 Rem, in the third to twelfth week might justify
performance of an ahortion. In any event the personnel of the
Institute carry out the estimation of the dose toc the foetus.

This is done either by calculations, using NCRP Repart 54 recommen-
datiens, or by in-phantom measurements.

Recently, the new recommendations of ICRP 26 were implemented
in Israel. At present, doses beyond 150 mR/month are reported to
the Institute by the Soreq Personal Cosimetry Service, and the
reasons to this overexposure are investigated.
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PATIENT DOSE EVALUATIONS FROM MEDICAL X-RAY
EXPOSURE IN ITALY: AN ANALYSIS OF NEXT DATA

Marchetti Andrea, Paganini Fioratti Maric, Susanna Antonio
(Comitato Nazionale per 1'Energia Nucieare, Viale Regina
Margherita 125, Roma)

Calicchia Angelo, Salvadori Paclo (Istituto Superiore di Sanita,
Viale Regina Elena 299, Roma)

INTRODUCTION

The average annual whole body dose to individuals is currently
about 182 mrem; the contribution due to medical usage is about 73
mrem per year (1),

From a study of CNEN (National Committee for Nuclear Energy)
and 1SS (Istituto Superiore di Sanita), it was found that the
radiographic films used in ltaly during 1975 amounted to more than
90 millions, with an annual increasing rate of 8%, The estimated
contribution to the genetically significant dose, due to radiographic
examinations, was about 40 mrem (2),

Such non negligible values of genetically significant dose are
due t0 the same factors as for other countries: maximum voltage
and half value laver are two or three times the least value; current
by time product for the same examination ranges up te two orders of
magnitude, But as one of the most determining factors, usually beam
dimensions are considerably wider than film dimensions,

Therefore, it can be drawn that the ICRP Publication 26
suggestions, as far as patient radiation protection is concerned, .
are not taken into due account, 'in Italy as elsewhere.

NEXT PROGRAM DESCRIPTION

NEXT is an acronimous for Nationwide Ewaluation of X-ray
Trends (3). It is a program aimed at collecting all the available
information on the different techniques used when performing 12
salected radioclogical examinations,

During a NEXT survey, the facility operator is asked to set up
the X-ray apparatus as though he were going to perform the most
frequent examinaticn for a patient with standard dimensions, The
inspector records information about the type of facility and
apparatus, workload, operator training; he alsc records the
indicated voltage, current intensity, time, film size and then he
measures the source-film distance, the exposure at a fixed distance,
the exposure with three increasing aluminum thicknesses and the
beam size, The ionization chamber used for the exposure
measurements is calibrated by the central authority; a special
apparatus is supplied to ensure the reproducibility of the exposure
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measurements,

From the registered parameters and the reported measurements,
it is then possible to calculate the half value layer, the skin
entrance exposure and the gonad dose for all the inspected
facilities, '

Radiclogical techniques that cause too high gonad doses are
easily picked out, by comparing the rccorded, measured and
computed parameters for the technigués uséd in a facility with those
used in all the inspected facilities,

Each facility may then revise its wrong techniques; each local
administrations may choose the most adequate program to improve
the patient radiation protection,

N E XT PROGRAM INITALY: FIRST RESULTS

NEXT program was fitted to italian conditions and, after a pilot
study, it was presented in May 1977 to the competent Regional
A dministrations,

As central authorities, CNEN and 155 reserved to themselves
the data processing and instrument calibration, All the NEXT
surveys should be performed Ly regional operators,

Regional Admiristrations have been operating in italy only since
1975 and economical, social, organization problems have been
braking their working,

Therefore, it must he considered as a great success that the
U mbria Regional Administration trumediately begun to collect the
data for the NEXT program, After a few months, the Emilia
Regional Administration made the NEXT program start in the
territory of one of its provinces,

The program is row going to be completed in Emilia; three other
R egional Administrations are very likely to include the NEXT
program in their health programs,

Table 1 shows the most relevant results for the recorded
parameters and for some selected projections; in particular it
should be stressed that the current by time product ranges from
2 mA,.s up to 200 mA,s for the chest P/A projection,

For the same projection, the voltage varies between 40 kV and
90 kV; the half value layer ranges between 0,9 Al mm and 4,C Al mm
and the beam area to film area ratio ranges from 0.6 to 8.2,

The other projections are less frequent than chest PfA
projection and, therefore, less data are retated to them; although,
the involved parameters are spread over wide intervals,

Table 2 shows the minimum, maximum and weighted mean values
for the computed parameters, such as skin entrance exposure,
ovarian and testicular doses, The parameters range in remarkably
w ide intervals; though the weighted mean values are closer to least
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values, nevertheless it should be stressed that the patient in
radiographic examinations keeps receiving non negligible doses in
a preat number of cases,

CONCLUSIONS

The NEXT pregram has been carried out up to now only in two
regions, slightly representative of the health conditions in Italy;

a southern Regional Administration at least would be necessary,
Nevertheless, the results shown here are enough to indicate
that often patient doses are unjustified and non optimized techniques

arc chosen, NEXT results show as well the fields where local
Administrations should operate to reduce patient dose and to improwe
radiological techniques,

TABLE 1 - Minimum and maximum values of some registered
parameters for a few selected radiological projections

Voltage 55 D(u) (<o) HVL
Projection kV mA..s cm B/F Al mm

min |maxjmin |max| min jmax| min | max] min| max

Chest 40 180} 2 (200090 (200 0.618.2 {0.9/4.,0
P/A

Abdomen 60 J1oo|12 |1601 74 [120 1.0 2.3 |1.6 [4.5
AP

Cervical 52 | 70125 200 80 Nh36 (1.2 12,8 |1.4] 2.2
Spine A/P

Lumbar Sacral 55 10020 (200 |75 114{0,913.5 |1.5] 5.0
Spine A/P

Dental Bitewing) 50 160 ( 2 |11 |9 113 |1.7]2.3[1.1] 1.6

P
L_

(®*) Source - Skin Distance

(%) Beam area to Film area ratio



TADBLE 2 - Minimum, maXumum and weighted mean values of the
computed parameters for a few selected projections

Skin Entrance Ovarian Testicular
Exposure Dose Dose
Projection mR mrem mrem
min fmax |mean min | max|mean| min | max |mecan
Che st 8 375] 56| 0.5] 26 3 10515 0.5
/A
Abdomen 391 PB328 (1222155 | 644 |252 § 1 57 |13
AlP
Pyelogram 285 |1808| 784(34 418 153 {1 20 | 6
AfP
Lumbar Sacral [ 187 (3173 (1311121 |538 |286 | 0.5 46 |15
Spine A/P
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SEUTRON PRODUCTION AKD LLEAKAGE FROM MEDICAI, ELFCTRON ACCHLERATORS*
Richard €. MeCall and William P. Swanson

Stanford lLinear Accelerator Center, Stanford University,
Stanford, California 94305, U.5.4.

NEUTRCN PRODUCTTON

For medical accelerators operating above about 10 MeV, there is
an unavoidable production of photoneutrons which add to the head
leakage. The yicld of photeneutrons produced by electron heams inci-
dent on thick targets has been calculated (1,2) and found to increase
rapidly with primary electron energy up to approximately 25 MeV, and
more slowly thereafter (Fig. 1). Dividing the neutron fluecnce for W
{or Pb) by the photun absorbed dose [Caltulated by the Monte Carlo
code FGCS (3)} for the same conditions gives us the ratio plotted in
Fig. 2. This ratie, represcnting the maximum achiecvable with practi-
cal materials, becomes nearly constant above zbout 25 MeV incident
electron encerpgy where its value 1s ahout 2.1 % 107 nentrons co* rad™'.
Measurements that fall significantly below the curve of Fiu, 2 are
likelwy due to photon absorption In components that are not high-2%
materialys, or measurements made with the moveable jaws open. Points
that fall significantly above probably mean there 1s substantial loss
of electron bean elscwhere than the intended target.

Neutron spectra in the glant resonance can be adequately
described by a Maxwelllan distribution which involves a sinple param-—
cter, the nuclear tewperature T {in MeV) for the rarticular nucleus.
The spectrum peaks at E, =T and has an average cnergy of Ep=2T. The
neutrens dre evitted almost isotropically and values of T generally
lie in the range 0.5 to 1.0 MeV for high-7 materials.

Figure 1. Maximur neutton Figure 2. Neutreon fluence per
fluence race at 1 =. : treatment rad (07, flattened).

*
This work was supported by the Department of Fnergy under Contract
Number DE-ACO03-765F00515.



DECEADATION OF NEUTRONW ENLRCY IN THE TREATMENT HEAD

The typical medical accelerator has massive shielding around the
target to provide photon shielding and produce a collimated bean of
x-rays. The photon shielding is of some heavy metal such as W or Ph,
with some Fe and Cu present. The significant neutron encrgy loss
mechanisns in the heavy elements are Inclastic scattering and (n,2n)
reactions., Because these cross scctions together amount to 1-2h in
W and Pb, the typical neutron undergoes several collisions within the
shielding. 1In addition, a large amount of elastic scattering takes
place {4-5h). This increases the effective path length in the
shielding, thereby offering greater opportunity for inelastic reac-
tions. Althouph the enerpgy degradation is significant, the attenua-
tion of neutron fluence is small becsuse the capture cross sections of
W and Pb are small down to thermal cnergles. Fig. 3 shows the inte-
gral photoneutron spectra for 15-McV eclectrons on W oand for ey
fission neutroms; these are quite simitar. On the save fipure, we
show the neutron spectrum from 15-MeV electrons on W after the neu-
trons bave penetrated 10 cm of W, Also shown {5 the further degrada-
tion due to reflection in the concrete room in which medical acceler-
aters are usually placed. Concrete-scattered nevtrons add to the
neutron fluence but thelr centribution to the patient's dose Is much
smalter, because of the lewer enerpy sprotrum.  The average energy of
the room-energy component is about % of that of the direct component.

NEUTRON SOURCES TN A MEDICAL ACCELEKRATOR

Most medical linacs provide fields up to about 33x 35 cm’ at 100
e from the target. 7he nailn collimator covers all forward directions
beyond the extremes, with a half-angle nf ahout 14 degrees. If the
target, flattener, jaws and main col!lmater are of the same material,
it would be W or Pb which have nearly equal neutron yields {1}. Only
photuns above about 8 MeV are effective in producing neutrouns.
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Figure 3. 3Neutron Integral Figure 4. Neutron-producing
spectra, modificd by shielding. components (not to scale).
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These are mostly forward-directed and are abseorbed in the main colli-
mator or pass through and strixe the flattener or the

Monte Carlo progran EGS (3},

tion of phnotons of

cnergy above § MeV (4).

jaws.
we have calculated the angular distribu-
Using this angular distri-

Using the

bution and the neutran yield as a function of material thickness (1)

we have caleulated the neutron yield frou treatrent head o

amponents.

This is done for the choices of materials summarized in Table [.

TAZLE 1,

Sumnmary of XNeutron Source Calculations (25 MoV

Electrons)}.

Material and Percentage

of Neutrons

!

i Fraction of Keut rons

| vain Infinite W o

| target Flattener - Yiald 2e w

I Collimator | [

=== T =]

( 387% WooLaz i Wo48r | 86.5% | 2.2x 1017

| W oan Fe 2% w ossz | 647 | 1o 10
Cu  9.2% | 300 | w oeo.sz | 84z, b 201000
Cu 12.5% ‘ Fe  5.7% ‘ wo8xr | 64% ? 1.6 % 1017

The yvields for an all-W design are also shown das percentages nf the

maximum possible in Fig.

.

Note that while the total neutron yield

is not very different fur the choices of materials given in Table 1,

the fraction {rom different components varies.

$imilar calculations

and measurements of total fast-neutron source strengths (3} for
several accelerator models (FPable 2) indicate that the overall head
leaxage can be calculated with an accuracy no worse than about * 50Z.
TARLE 2. Calculated and Measured Neutron Yield per Photon rad.
Relative Ncutron Yield {n/frad)
Encrgy
Aooclerator (MeVy
l * Calculated ld- Measured
ATC 25 MeV Betatron 25 6.8 x 102 6.9x 10°
i Sicmens 42 MeV RBetatron 42 31.8x%10% | 3.7x 10°
| . H r
|' Varian Clinae 33 (01d) 25 4.3x 1089 | 8.1x101°
. Varian Clinac 33 {Hew) 23 2,2% LY 6.2x 1015
\ Varian Clinac 18 10 3.9% 108 4.2 % 108
Siemens Mevatron XX 15 5.8x% 109 7.6 102

LEAKAGF NFUTHON DIEPTH-DOST CURVES

Because the leakage neutrons are considerable degraded in energy,

one would expect theu to be attenuated quite rapidly in tissue,

We

have calculated this depth-dose distribution using the computer code

MORSE
L4-MeV

(6) 1

or 25
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surrounded by 10 cm of W. The phantom was a l-m x 30-cm {ciam) H30
cylinder, centered at ! m from the point source and oriented
perpendicularly to the beam direcrion. Fig. 5 shows the rapid
falloff of absorbed dose of these twe spectra.
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RETENTION OF MOLYEBDENLM-99 IN ADULT MAN
Anvelo Parodo, Floriana Manca and Giliuseppe Madeddu

Cattedra di Tisica Medica e Servizio i Medicina Nucleare
della Clinica Medica, Universita di Sassvari, Itfaly.

The: ggMo hus been used, in water-solublce fferms such
as sodium and ammontum molybdate, in radicnuclide investi-
gations {(5;6) and it is present as an impurity in eluates
t'rom molybdenum-rechnetium generators (1), extensively
used in nuclear medicine.

The metabolism of moiybdenumn, which plays a essential

-+

roie in flaving-dependent metalloonzyme systems, has beon

studied and transport, storage and excretion of this cle-
ment are known (2;7): fhere is a rapid upitaxe ot orally in-
gested Mo by all tissuves with preflerential accumulation in
the liver, kidrey and bBcone. Intravenously administered mo-
lyepderum disappears from circulatory system vory rapidly
{3). The available data, however, are nct expressible in
convenient mathematical fovm to represent retention with
acceptable accuracy for radicleogical preotection.

In the present note retention duta obtalined by measu-
rirng the lovels of'mulybdenum—99 in excreta of 10 patients
injected intravenously arc reported and the whele body re-
tention function derived by multicompartmental analvsis of
these data is proposed.

MEZTHORS AND MEASLUREMENTS

Subjects wore patients of Lhe Department of Medicine
oi’ the Sassarld Univeraity, who have been investigale using
sodium pertechnctate—'ngc. Table I lists the age, sex,
weivth and pathology of theze patients and administered do-
205,

Measurements of urinary and fecal excretion of 99M0
were carried out with the method of the gamma-spectrometry,
using Nal(71l) crystais and multichannel analyzer, during

the [irst 2 weeks after iniection. Attempis tao mesasure who-
le body radicactivicty did not give good risulis bhecausc of
the low level of the " "Me. For the same reascon, aAlsc the
results of measurements carried out on samples of pilasma
ard whole hlood are poorly meaningful. Rosodf and Spencer
i3), whao carried out studies on the fate of molybdenum in
mar: injecting tracer doses ol 50G-100 uCi, reler that 1 h
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alter injection the concetretion of Mo in plasma and in
whole blood ranges from 2.5 tc 5% of the initial dose.

TABLE 1. Patiente and administerocd doses

Patient Age  Sex Weiygth Diagrosis Mo-29 Dose
LuCi )
1 a9 F 73 Carcinoma of the breasi 0.2

with metoastasos

2 47 M 57 Muliiple myeloma 1.4

3 54 F 58 Carciroma of the breast I.2
witihh metastases

4 60 M 60 Carcinowma of the lung 0.8
with metastases

o

7O M 78 Metastatic epydermoid 1.7
Carcinoma

6 50 F 6% Carcinoma of the breast 1.0
with metastuses

7 49 M 68 Carcincema of the Kidrew 0,1
with metastases

2] [334] F 60 Perivasculitis o8

(43}

L
[#1]
oy
s
()
w

Carcinoma of the breast 1.3
witht metastascs

10 77 F 62 Carcinoma of the breast

with motastases

ra

e

RESULTS

Estimates of the retained molybdenum during the {irst
2 weeks, calculated frorm the difference between the initial
dose and cunutative urinary and fecal excretion, are given
in Table 2 and are reported in graph of Fig. i, Fecal ex-
cretion was very low: the ratio of urinary to Fecal excre-
tion was between 25 and 30 for every patient. In Table 2
is also indicated the number of patients to whom the data
refer, 59

The fractional retention, &, for Mo can be repre-
sented accuralely by a four-compeonent exponential function
of time: n
R3§A@xp(~lﬁ} (1)
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The parameters of eguation (1) are reported in Table 3,
Fiug., 1 shows the Titting of the exnperimental data by this
function.

39

TABLE 2. Retentiecn of injected MO
LDavs after Number of wWhole body
injection measurement s retencicn
1 0 89.8
2 10 86,4
3 =] 83.4
4 8 BL.3
5 7 78.9
5 7 7.4
7 7 74,6
8 5 73,04
9 5 2.l
1o 3 70.3
il 2 69,4
1z 2 68.3
13 1 67,3

FERCEMT RETENIIODN

99 . ..
Figure 1. Whole hody retenticn of Mo in the first
i3 days after Injectiorn, Data are fitted by funcitiaon
) with paramcters of Table 3
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TABLE 3. RHesults of four-component expenential analysis of
reLention data fforr 99-Mo botween days 1 oand 13, (See also
Fig. 1)

Component Percentage of Biclogical nali-life
4181 injected dose {ditys)
1 9.5 0.:c8
2 17.8 5.33
3 5.2 2h.67
4 61,5 BE.62

Retention data of Table 2 and Fig. 1 are in good
agreement. witn those of Hosoff and Spencer (3). They feound
that cumulative urinary excretion of Mo in 12 days wans 29%
and 24% of the injected in 2 subjects. The cumulastive fo-
cal excretion in the same poerjod wis less Lhan 1% for the
first subject and 6.8% for the second one. The nigher va-
lue was due to the passage of 4% of the initial dose in
only one stool specimen on day 4.

[nternal exposure for 5, 15 and oo davs at'ter inje-
ction of 1 uti of Mo-989, calculated by Lhe proposcd rolen-
tien function, is of 2.52, 2.28 and 3.34 pli.days. The
corrcsponding dose, calculated from the dala of SGnyder et
al. {4), is 0.83, 1.10 and 1.12 millirads,
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ORGAN DOSES IN DLAGNUGTIC RADIOLOCY
Marvin Rosenstein

Bureau of Radiological Hraltw, Food and Drug Administration,
Rockville, Maryland, T'54

Extensive use has heen made of n dosimetry technique for
calculating organ doses in diagnostlc radiclogy. The computations
are made with a Mente Carlo radlation transport procedure and various
mathematical anthropomorphiec phantoms. This method simulates and
records the energy deposition of x-ray photons in the phantoms by
following the radiation Iinteractien histerles of a large aumber of
incident photons using known physical deseriptions of the {nter-
action processes and recording energy depositions at the sites of
interaction. The physiral processes treated are limited to the
photoeleceric effect and Compton scattering, since the initlfal photon
energlies In the diagnostic range are less than 150 keV. A varlety of
dogimetry data of general applicabiliry for estimating organ doses
from diagnostic x rays have been developed.

TISSUE-ATR-RATIOS FOR A REFERENCE ADULT PATIENT

Tissue-ailr-ratios, expressed as the average absorbed dose (rad)
to the organ per unit exposure (R, free-in-air) at the reference
plane of the organ, have been tabulated for a2 reference adult phantom
for collimated, normally-incident 4-cm x 4—cm moncenergetic photon
beams in the range 20 to 100 ke¥ (1). These tabulations are for
beams incident upon the phantom on the front, rear and lateral sur-
Faces.

The tissuep-afir-ratios ran be converted to organ doses for a
specific x-ray projection using pertinent information on =®-ray
spectra, projection geometries, and field sizes and locations. The
tissue—air-ratios feor component beams included In the x~ray field and
for energles included in the x-ray spectrum are combined to simulate
the desired conditions. A computer program in FORTRAN IV which per-
forms these calculaticns on an IBM 370/168 system for several crgans
(lungs, active bone marrow, ovarles, testes, thyroid, uvterus (embryo),
and total body) 1s available (2).

ORGAN DOSES ~ REFERENCE ADULT PATIENT

Organ doses for a number of radiographic views and projections
have been computed for a reference adult patient (3). These doses
are normalized to a convenient numerical entrance exposure of oue
roentgen. Two parameters, entrance exposure at skin entrance (free-
in-air) and beam quality must be measured or estimated by the user to
convert these values to the conditions at a particular clinical
facility. Utilizing typical technique factors (beam quality,
entrdance exposure and number of filwe of varfous views) observed in a
1370 nationwlde study of diagnostlc y-ray exposure conditions, orpan
doses were computed for common radiographlic examinations. Table 1
presents sode of these resulto,
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TABLF 1. Organ doses for scme common radiegraphic examinations

Organ Dose (mrad)
Active Bane

Examination Thyrodid Marrow Breasts Testes Cvaries
Chest 7 4 14 < 0.01 0.06
Thoracic Spine 75 43 276 < 0.01 0.6
Lumbar Spine 0.3 126 nnt computed 7 405
Upper GI 7 117 53 Ot 45
Barium Enema 0.2 298 not computed 58 787
Pelvis < .01 27 not computed 57 148
Full Spine 271 35 234 10 100

The conditions simulated assume good collimation (field size
equal to film size) and proper alignment of the x-ray field with
approprlate anatomical landmarks. Each examination type has a dif=-
ferent combination of exposed organs and absorbed dose to these
organs. The data clearly demenstrate that neo single organ dese can
serve as an indicator of total radiation impact for all x-tay
examinations,

MAMMOGRAPHY

In many discussions of absorbed dose in the breast from mammo-
graphy, the typical dose to the breast i3 derived from an assumed
depth-dose of approximately 20 percent at the midline (3-cm depti).
After correcting for backscatter and the exposure-to-absorbed dose
converslon factor thia is equal to sbout 250 mrad per l roentgen
skin exposure (free—in-air}. This assumption is an oversimplifica-
tion, for there is a wide range of doses that result from the
present day practice of mammography. Teble 2 presents midbreast
doses as a function of HYL per one roentgen exposure for mammo-
graphy, interpolated from recent data of Hammerstein, et al (4}.

TABLE 2. Mammography breast doses for 1 R entrance skin exposure
{eraniocaudad view)

Midbreast Dose® (mrad/R)

HYL, mm Al 0.2 0.4 0.6 0.8 1.0 1.5
Tungsten target, - 110 170 230 285 430
Alumloum filter

Molybdenum target, 25 BS 145 - - —

Molybdenum filter

a Abscrbed dose in a small mass of mammary gland embedded at
3-cm depth in a 6-em medium of 50 percent adipose and 30 per-
cent glandular tisaue.



Current work will cowmpute absorbed dose In varying breast
compositions using the Monte Carlo technique and a number of
geometrically described breast phantoms. The dosimetric quantitieas
that can be computed include the midbreast absorbed dose, the aver-
age abaorbed dose throughout the breast, and the absorbed dose to
only the glandular tissue within the breaat. A wide range of
mammogtaphy conditions are being studied.

ORGAN DOSES = REFERENCE PEDIATRIC PATIENTS

Organ doses for a number of radiographic views and projections
have also been computed for three reference pediatric patients, a
newborn, one-year cld and five-year old (5). It was too costly to
genarate tissue-alr-ratios for the three pediatric phantoms; there-
fore, 2 more direct approach wag used. In addition, the variation
in technlque factors and the varlety of x-ray projections are more
iimited in pediatric radiology (6). ¥or each projection, the com-
putation started with the specified characteristics of the x-ray
projection including source-ro-image receptor distance (SID}, fleld
size and location, and x-ray spectrum matched to the desired beam
quality with respect to kVp and half-value-layer. The output of
the computation is the organ dose (mrad)} to the various organs for
a one roentgen entrance exposure (free-in-air). Table 3 is a
sample set of data for a pediatrie projection.

TABLE 3. Pediatric organ doses for 1 R entrance exposure,

AP abdomen
Organ Dose (mrad/R)

HVL, ma Al 2.0 2.5 3.0
Collimation a b a b a b
Testes Newborn 86 910 144 1,000 152 1,120

l-year 65 1,070 105 1,070 10s 1,070

S=year 125 1,070 125 1,070 125 1,070
Active Newborn 91 159 127 211 137 225
Bone l-year 69 99 100 140 112 151
Marrow S=year 55 69 83 101 S0 112
Lungs Newborn 49 439 66 497 67 498

1-year 35 227 48 255 55 790

S5-year 39 102 47 123 54 135

a Fleld collimated to body part: newborn 13 X 13, l-year old
18 X 21, 5-year old 23 X 30 {in cmj.

b Field collimated to film mize: newborn 20 X 25, l-year old
25 X 30, 5-=year old 28 X 36 (in cm}.
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SOMATIC DOSE INDEX

For somatic effects there are several organs at risk and each
type of diagnostic examination results In a different spatial rela-
tionship between the significant organs and the x-ray beam. Each
type nf examination also employs different technlque factors to
yleld the desired diagnostic information. Consequently, every
examinatfon results In a unigue non-uniform distribution of absorb-
ed doee among the organs, and some method of accounting for this
non~uniform distribution 1s necessary to assess the overall lmpact
from a given exposure.

A somatic dose 1index {I_) has been formulated which rTe-
presents the uniform dose to the organs at risk that has the same
gomatic detriment as the non-uniform doses absorbed by the
individual organs (7).

where: s1 is the relative severity of the somatic effect induced
in organ i,
a, is the risk coefficient for the effect in organ 1
{cases/10 person-yr-rad},

ﬁi is the average absorbed dose in organ i.
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INTERNAL RADIATION DOSIMETRY OF F-18-5-FLUOROURACIL

Jashovam Shani, David Young, Tuvla Schlesinger and Walter Wolf

Department of Fharmacology, School of Pharmacy, The Hebrew University,
Jerusalem, Tsrael; Radicpharmacy Program, Sclwol of Pharmacy, Univer—
sity of Southern California, Llos Angeles, California, U.S5.4.; and
Soreq Kuclear Center, Yavne, Israel

Although 5-Fluorouracil {5-FU) is widely used in the oneological
clinie for palliative therapy of advanced colorectal and breast tu-
mors, its efficacy in such patients is only about 30% (1,2). We had
observed that a differential distribution of F~18 occurred in mice
bearing the L-1210 Lymphocytic Leukemia tumor following administra-—
tion of F-18 labeled 5~FU, when the responsive variant was compared
to the non-responsive tumor {3). We had suggested thar the differen-
tial distribution, kinetics and/or metabolism of this drug in pa-
tients might be of use in predicting individual response to chemo-—
therapy wirh 5-FU, and subsequently perhaps of determining the opti-
mal dosage and dosage regimen required.

The labeling of 5-FU with the positron emitting radionuclide I-18
(whose t% is 110 minutes) can readily be accomplished in high yields
and in a manner suitable for humans {4).

In the following study the projected internzl radiatien dose to
different human organs per millicurie of injected F-18-3-FU is calcu-
lated from rat distribution studies and human urinary excretion data.
These calculations assume a similar distribution of labeled drug in
humans as in rats, inaswuch as our preliminary human distribution
studies appear to validate the use of the rat model for human desim-—
etry caleculations (5}.

METHQDS

Animal Distribution. Organ distribution of F-18, when adeinistered
as F-18-5-FU, was studied in six groups of 12 rats cach bearing vari-
ous types of solid tumors and in two groups of healthy rats, up to 2
hours after the drug had been administered. F-18-5-TU was injected
at a dose of 10 pCi per animal, and each series of 12 rats was then
gsub-divided into three groups and sacrificed 30, 60 and 120 minutes
after the injection. Blood was withdrawm by heart puncture, and 11
organs and tissues ({liver, muscle, kidney, blood, bone, lungs, pan-
creas, spleen, heart, gemltals, thyroid and adrenals) were sampled and
counted in a gamma-counter. Details of these F-18 distributions were
reported in a former publication {6). From those results initial or-
gan uptakes as well as biclogical and effective half-lives were cal-
culated.

Urinary Excretion. Urine samples were not usually collected when
studying the hody distribution of F-18-3-FU in rats. However, this
route of excretion eliminates a major fraction of the injected radio-
activity. Uriue was collected from patients and dosimetry calcula-

65



tions were made based on the toral cumulated activity in the urine of
a patient with normal renal function. In this way, the worst possible
dose from bladder concent to other organs was calculated,

Radiation Dosimetry. These desimetry calculations make the following
assumptions: 1} That 3-FU clears the plasma rapidly (7}, and hence
rapid tissuve uptake will follow. Some of this activity, following 5-
FU! metabolism, may leave the tissue, but some of the metabolites
formed may be reabsorbed by thew. Therefore, the assumption of an
inatantanepus uptake of the total administered dose will give anupper
limit, a '"worst possible case;” 2) That the extrapolated initial
fraction values are correct for practical purposes, thus assuming a
possible overestimation rather than underestimaticn of the dose; 3)
That there is a homogeneous distribution of the label within each or—
gan studied; &) That the rerainder of the activity, not found in the
totral activity recovered from the blood and the 11 orpans sampled
{48.06% recovered 30 mir post injection, 41.6% after one hour, and
28.82% after two hours), was either excreted from the body or depos-
ited in other organs in minute amounts; and, above all, 5} That the
distribution of the drug in rats is similar enough to that in humans
to allow such a comparison. The interral radiation doses were calcu-
lated according to the MIRD technigue (8).

Human Distribution. The distribution of F-18 was studied in six pa-
tients possessing different types of neoplastic disease {e.g., colo-
rectal, hreast, liver}. Each patient was administered intravenously
a dose of 5 to 6 mCi of ¥-1B-5-FU containing 30-70 mg of 5-FU. The
distribution of the radisactive material was studied using an Ohio
Nuclear Rectilinear Scaunner egquipped with a high energy 511 keV col-
limator. The patients were scanned imnediately after injection and
every two hours thereafter, up to 12 hcurs post injection. The total
urine excreted was collected and counted, whenever the patient's con-
dition allowed adequate collection.

RESUITS

The initial organ uptake of F-18 in rats at injection times, as
well as the biological end effective half-lives of the label in the
above organ was determined, and used to calculate the cunulative zac-
tivity (A). Utrilizing the tables cof absorbed doses to the main orpans
per unit of cumulated F-18 activity (8) as they refer teo the standard
man, we calculated the radiation doses to the prgans counted, accord-
ing to the following equation: DT(mRad) - T JSNT R AJ
where D is the doge to the target organ due to the presence of unit
cumulatéd activity €1 millicurie-hour} in the jth source organ, and
A, is the cumulated activity (in millicuries) from the jth source or-
g%n. The sum of multiplications of the cumulative activicy {in mCi-h/
mCi adninistered) by the absorbed dose of the various organs (in Rad/
pCi-h) will yield the dose to the target organ {mRad per each mCi F-18
administered} as tabulated in Table 1.

The urinary excretion of one patient with normal renal furctienm
gave a fractional excretion dose of 15.75% (0-1 nr), 18.9% {(1-2 hr),
14.55% (2-4 hrY, 17.17% (4-8 hr} and 7.05% (8-13 hr}, from which the
cimulatod aceivity was calculated., BRa=ed on the total cumulated ac-

&6



tivity of .413 mCi-h/mCi administered, the additional radiation dose
to relevant organs due to the activity accumulated in the bladder is
given in Table 2.

Table 1. Activities Cumulated in 12 Target Organs for '°F and the
Radiation Doses Absorbed in Each Case

Cumulated activity Dose /Target Organ

Source OTgan oy b /mCi administered) (mRad/mCi administered)

Liver 2.3 x 10} 113.5
Huscle 1.8 x 10_1 10.4
Kidney 7.9 % 102 182.6
Blood 5.9 x 10_° 11.0
Bone 8.9 x 10 ? 26.2
Lungs 6.3 x 10_3 12.2
Pancreas 2.1 x1 _3 29,1
Spleen 3.0 x 10_° 21.6
Heart 2.2 x 10-° 10.3
Genitals 2.8 x 10_° 52.6
Thyroid 8.2 x 10_" 28.0
Adrenals 4,2 x 107" 37.8
Total Body - 14.7

Table 2. Radiation Dose to Several Abdominal Organs (as generated
from bladder contents) Following Administration of F-18-5-FU

5 Dose te target organ from
Target T+B%%§§S§ts bladder content
Organ {T} Rad/mCi-h mRad/mCi adminlstered
Liver 2.1 x 10°° .87
Kidney 2.8 x 10 ° 1.16
Pancreas 1.9 x 1073 .78
Spleen 1.7 x 10:3 .70
Ovary 4.5 x 10 2 18.60
Gterus 1.1 x 10} 45,60
Testes 3.7 x 102 15.20
Adrenals 1.7 x 1073 .70
1.8 x 10 ° 729

Bladder Wall

DISCUBSION

The discribution of F-18-5-FU in humans appears to be similar to
the drug distribution in rats, with the liver, the kidney, and the
urinary bladder being the critical organs. While the uptake of ra-
digactivity by the gallbladder as seen 1n patients may be important
in determining the most effective dose of the drug (%), its impor-
tance in calculating the radiation dose appears to be negligible.
Therefore, we believe that the premise that the drug distribution in
the rat is similar to that of the human appears to be a valid assump-
tion.

Although the dosimetry calcularions are based on the biodistri-
bution of the label in tumor-bearing rats, it was noted that the dif-
ferences iIn tissue uptake and clearance of F-18 in the organs when
comparing the tumor~bearing and control rats, were small, if any.



The average tumer uptake, seemingly independent of the tumor type
used, was about 0.8% per gram at 2 hrs post injection, and the few
small differences between retention of F-18 in organs of both groups
studied were of we significant impact insofar as the present dosimet-
tic ecalculations are concerned. For this reason we chgse the distri-
bution in rats rather than in mice for our dosimetry calculations, as
the uptake in the rat tumors was considerabhly less than in mouse tu-
mors {about 7% per gram) and, thus, more radieactive materizl is
available for organ uptake. Thus, again, the dose calculated here

is the "worst possible case."

Because 5-FI} is rapidly metabolized in the liver followed by
fast renal excretion {10}, the highest doses are cxpected to be in
the bladder wall, the liver and the kidney. This, in fact, appears
Lo be the cass, Qur calculationss reveal that the kidney and liver
receive a dose of 182.6 and 113.5 mBad/rCi administered, respectively.

Asguming that 20 mCi will probably be the maximuw dose of F-18-
3-FLU to be admindistered, the ghsorbed dose to the bladder wall, kid-
ney, liver, testes and ovaries is ahout 14.6, .37, .23, .14 and .14
Rads respectively. These wvalues represent the upper limit and while
they are high, they are still not umusual for nuclear medicine pro-
cedures,  As these studies are intended to be performed in patients
with a fully diagnosed tuwor, and thosce results of the P-18 study
arc to be used to decide on the apprapriateness of a therapeutic reg-
imen, the risk/benefit considerations are clearly acceptable. The
radiation absorbed by the body will thus not be a limiting facter in
the use of F-18-5-FY for the prediction of chemotherapy raspoase and
optimization of the dosage regimen of 5-{luorouracil.
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TEE CURRENT CONTRIBUTION OF DIAGNOSTIC RADICLOGY TO TEE PCPULATION
DOBE IN GHEAT BRITAIN

B.F. Wall, S. Rze, G.M. Kendall, $.C., Darby, E.S5, Figher and
5.V, Harxries

Netional Radiological Protection Beard, Harwell, Oxon,, U.K,

Twenty years have passed since the last national assessment of
the radiclogical hazards to patients ariping from medical practices
in Great Britain (1), Only two local surveys of the contribution
from diagnostic radiclogy have been carried ocut in the meantime,
limited to the Bheffield region in 1964 {(2) and the Yorkshire region
in 1976 (3}, Many other countries have conducted their own nationsal
surveys in recent years and some have managed to repeat them after a
reaponable interval, so that trends in the pattern of use of medical
radiclogy can be observed {4).

In view of the considerable changes in both the extent and
techniquea of medical radiclogy that heve taken place in Great
Britain over the past 20 years, the Fational Radiological Protection
Board felt that a fresh look at the hazards to patients was long
overdue. A Teappraisal of the geretically significant dose {GSD) to
the population of Great Britain from dizgnostic rediclogy was
recognised as one of & number of worthwhile objectives for the
review, The absence of any direct benefit to the descendants of
ratients urdergeoing X-ray exaninetions argues for a close watch to
be kept on the magnitude of the genetic risgk, and disgnostic
radiology wae given priority because of the relatively large
proportion of the fertile population who experience it in a year,
Whilst an aseessment of the somatic riske and the contributions from
radiotherapy and nuclear medicine are currently underway, this paper
concentrates on the survey that has recently been completed to
establish a current value for the GSD to the population of Great
Britain from diagnostic X-ray examinations,

SURVEY METHODS

Calculation of the GSD from diagnostic radiology reguires
lxiowledge of the number of people exanined annually in Great Britain
broken down by examination type, age and sex, the child expectancy
of the population as a function of age and sex and the average
gonadal dose delivered by each examinestion type as a function of age
and sex.

Information on the frequency of X-ray examinations was
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obtained by eending questionnairew tou a sample of about 100 hosgpitals
sprcad throughout England, Scotland and Walesg. The gquestionnaires
asked for details of every X~ray cxamination carried cut in a
gpecified week in June 1977. The selectiicn cf the sample was bazed
on the divisicn of all the hogpitals in the country into B strata
deperding on the workload of their X-ray depariments. The

proporticon of the total saxple to be allocated 1o each gtratum was
derived using the Neyman nmethod of allogation (5) which minimizes the
errors when extrapolating tc the whole population., Individual
hogpitals were selected with probability properticnal to their X-ray
werkloads., By this meane the sarple of hospitals that responded to
the questionneires was sufficient to achieve a starndard error of 3
in the estizated fctzl of examirations for the whele country.

Anvmay totals were estimated by maltiplying the weexly figures by
365/7 and then correcting for seassnal variaticns in workioad Laged
on film consumpticn datae for Great Britaln in 3977.

The child expectancy of the population was obtained from the
official statistice provided by trne Uffice of Populaticon Censuses and
Surveya,

Gonadal doses were measpured dircctly on patients undergeing 13
selected diagnostic examinations at 21 hegpitals. thermolumincscent
dogemeters were used that consisted of lithium borate powder
contained in adhesive polythene sachets. They had been develcped at
NRPD specifically for use in medical dosimetry (5). For rale
patients they were attached to the inside of tie thigh cloge to the
gerotun and were assumed to receive the sane dose as the testes,

For fenmale patients they were positioned so as to measure the
entrance ekin doee level with the ovaries., Bkin doses were
converted to ovarian doses using conversiorn factors obtained by
expoaing ar anthropomorphic phartom to a range of typical diagnosvic
X-ray fields and measuring the doser at the ovary sites and on the
skir, The 13 examiration types sclected for inelusion ir the dese
measurenent survey were thoge that in previous surveys acccunted for
about 95% of the G8D, Doses for all other examination types were
obtained frow the current literature., Tne 21 hospitais visited came
from all regions of the country and included & representative sample
of X-ray department gize and sepeciality. At the end of the survey
the gonadal doses received by L56S patients had been measured,

RESULTS

The frequency survey indicated that 21.3 million X-ray
examinations were carried out in Naticnal Health Service (HNIS)
hospitale in Great Britain in 1377. Thnis represcnis an increasc of
6L% over the estimate of 13 million from the 1957 national survey
(1), The number of examinations per thousand of the population has
ripen by only LB%, since the populaticn has increased during the
period, This correspends toc an increase of 2,05 per annum in close
agreement with estimates for other Indusirialieed countries (4}, In
addition it was estimated that 1.9 willion chest X-rays ard 1.0
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1illion other exeminations (excluding dental) took place in ingtitu-
tions outside the NES. This brings the total nurber of exaninations
up to 23.8 millicen, corresponding to LI0 examinations per tkousand
of he population, which as the following table shows, i1s rather
lower *han in other industrialised countries.

TABLE 1. PFreguency of X-ray exsminations per thousand head of
vopulation for industrialised couniries

Country Year Examinations
ver thousand

West Germany 1974 1658
Switzerland 1971 1350
Netherlands 1972 1186
Japan 1970 812
USA 1970 569
Sweden 197L~1976 650
Great Britain (this sarvey) 1977 Lho

Comparative data are from reference (L)

Toe relative frequency of particular examination types
demonsirated some predictable trends, For example, chest X-reys have
fallen from L48% of all examinations down to one-third, presumably
reflecting the progress which has been made in contrelling tubercu—
losis. The number of obstetric examinations per thousand live births
has fallen from 114 in 1957 to L2 in 1377, no doubt as a consequence
of the increased concern for possible foetval danage and the extensive
e of Wiraseund as an alternative 4o X—rays. There has also been
a drop in the nusnber of cerebral angiograms as a result of the advent
of computerised tomography.

The gonadal doge measurenment survey indicated that for some
types of examination there has been an inerease and for others there
has been a reduction in the genadal exposures delivered per exanina-
tion. For example, the intrpduction of double contrast fechniques
in beriur exaninations of the gastro-intestinal tract hae led to a
doubling in the nudber of films taXen per examination which in the
cage of bariua enemag hag more than doubled the gonadal doee. Om the
other hand simpler examinations invelving only a few radicgraghs
appear generally to he accompliched with lower gonadal doses than 20
years ago which ig probably due te the trend towerds faster filme and
gsereens, Eowevar, if the ratioe of current o 1957 gonadal doses for
eacn examination itype and sex are weighted according to their
relative contribution toc the GSD, then the average of the ratios
turns cut to be about 1.07. Therefore there Las been no overall
reducticn in the gonadal doses delivered by those types of examina-
tion of importance to the GSD,

Similarly there has been no reduction in the very large range
of gonedal doses delivered throughout the country for the same
examination type. Individual gonadal doses for the same examination
ranged over 3 or |} orders of magnitude throughout the country. Mean
gonadal doses cobtained at different hospitals for the sane examina-—
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tion wers found to differ by up to = factor of 10.

Orur provisionsl estimate for ths current wvalue of the GSD to the
population of Great Britain from 211 dizg "nostwc cxaninations conductecd
both witain the WHS and elsewherc is 17 x 10-5Gy (17 mrad). This
represents an increagse of only 208 nver the welue of 1.1 x 107Gy
(141 orad) found im 1957. Considering the errors involved im both
surveys tnis is probably not a significant difference, Tahle 3 shows
how the current wvalue for Great Dritain coaparcs with recent cetinat-
es of the G5D in other countries.

TABIE 3. The GSD {rom diagnostic r_,dlcﬂ ogy estimated for verious
countries in the period 1970-1977 (10° 5Gy = 1 mrad)

Coun’ty Your GSD {10-°Gy)
Sweden 197L-T¢ 1.6
West Germany 1974 L1
Ttaly 1974 30
Romania 1970 29
Hetherlanis 1572 25
USA 1970 20
Great Jritaln 1977 17
Japan 197) 17
Taiwan 1972 3.5
India 196772 1.4
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RETENTION OF 14C.IN NUCLEAR POWER PLANTS AND REPROCESSING

PLANTS

D. Grindler and H. Bonka

Leirrsluhl fiy Reaktortechnik, RWTH Aachen, F.R.G.
INTRODUCTION

Up teo about 1972 it was unknown that the emissions of
14C from nuclear power plants and reprocessing plants re-
present significant contributions to radiation exposure.
Calculations, however, have shown that 14C may give the
hignest contributions to che irndividual dose {1),(2}.
Folliowing measurements confirmed the enmission rate {3),{4).
The collective dose commi<ment, however, 1s 2% grearvest
importance Ffor 14C.Because of the long half life of 5730 a
it is wvery high, =oo . (5).

PRODUCTION RATES OF 14C

In reacrtors, Tdc is mainl¥ produced dye to neutron
reactions from 13C¢n, ;'4c, 1 neén,pl and Q{~, }. The

14¢ produced i the fuel is not enitted until dissolutien,
while ‘4C produced in the coolant encers cthe air-circula-
ting plant via leakages and is emitted froi; there or is
emitcec via the off-gas-system. Tab. 1 shows the production
rates in fuel arnd coolant of ail cormen reaczor types. De=
tails of the calcuiation are represented in {6},

V4¢ RCTENTION FACILITY

14C is emitted as gaseous compound, mainly as 14C02,
but also as 1400 and '4¢pip, together with a considerably
higher part of '2¢ compounds. If significant amounts of
other radio carbon compounds exist beside '4C02, it is
sensible, to oxidize these to 14C0; before the retention.
Then the "direct® or the "doukle" alcali process can be
used to retain t4C,

Both processes have two consicerable advantages in

comparison with other processes:

1. The absorption of the C0p is supported by a chemi-
cal reaction, whereby high decontamination factors
are reached.

2. 14c becomes available as calciumcarbonate, a solid
stable compound that can be concreted.

This work was sponsored by the Federal Minister of che
Interior of the F.R.G. under the number St.5ch. 68oa
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Up to now, mainly the direct alcali process has been
examined, because it seemes technically more simple to
realize and more econcmical (7),(8), althcocugh the chemical
reactions of the doukle alcali process and its contraol
action concerning changes in the mass flows are more favo-
rable. This is important, because the '4C release takes
place irnstationarily from nearly all nuclear facilities;
both the volume flow and the concentration of the carbon
compounds often vary.

Therefore, a '4C retentimn faciiity with the double
alcali process has been developed at the professcrial
chair for reactor technolegy at hachen Technical Universi-
ty. Concerning the process scheme, the retention facility
nas beern constructcd as simple as the direct alcali pro-
cess, but it has all the advantages of the doukle alcali
process, Fig, 1 shows the flow sheet,

From a reservolyr, scdium hydroxid is pumped through
a pacxed column where lnert ¢as ccntaining CO2 flocws in
inverse current., When the alkaline solution is converted
o 6o %, thc total aiczline solution inveniory is pumped
into the agitator for regencration with Ca{CH)2. At the
pottom of the agitator CaC03 is bettiinged as a viscous
slurry with a high percentage cf ligquid. The hid¢h percen-
tage of liguid, appreox. 30 % wt, is used for concreting,
rig. 2 shows the facility, the agitator has not yet been
firished. The facility is used to cbtain coperation cxpe-
riences with the new process and to optimize the process
paramcters. The most important censtructior data are:

max. gas mass flow : 4o kg/h

max. liguié flow 1 boo kg/h

gperation pressure @ 1.Z ... 3 bar.

The actual operation experiocaces are well. A 14C re-
tention facility with this process scheme could be in-
stalled in LWR's and reproccssing plants for LWR fuel ele-
ments.

COST~BENEFIT ANALYSIS OF TEE 14C RETENTION FACILITY

If the cost~benefit analysis recommended in ICRP pub-
iication 26 is used, see Fig. 3, it is okvious that a *4C
retention facili<y with oxidaticrn-process shouid be in-
stalled in reprocessing plants for LWR fuel elcments (5.
An installation in LWRs deesn't seem scnsible to us be=-
causc of the low 14C cmission ratcs. For reprocessing
plants for ETR fuel elements with burrn-ieach-hcad-end the
proposed method canno: be uscd becausc the wasie volumes
hecome too large, In this case the head-ond snould be
changed in order to solve the 14C probliems In big roepro-
cessing planss for nitridic Zuel clements of the fast
brecder such a high amount of 14C is set free {iob Ci/a}
that in spitc of high deconzamination fac<tcrs sc much t4gC
woulé e reicascedéd that this fuel cycle should not be con-
tinued any further.
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Tab. 1. Production of 1t‘C in different reactor types in Ci/GW(e)a
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Specification - 14C - Production in Ci/GWl(ela ]
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STAIISTTCAL CORRELATION OF EXVIROCEMEXTAL TRITIUM VALUES AT TRCMEAY

7.3, I¥ETRAR, J.V. DEC, 5.IT. SOVAN and ALK, FG“IV
Fealth TPhysics Division, Fhabha Aftomic Research Centre,
Trewbay, Sembay - 400 08%, TYDIA,

In the immedizte neightorhood of a nucglear reactor releasing
tritium inte the environmont, tritivm moniterirg is carried out as
part of environmental survelllance in marmy nuclear centres in the
worli. The estimated dozes from tritium releases have teen rzported
by zmany workers (1-%,. In zlmost all the cases the data is represented
iv s convantiornl wiy of diurral, monthly or sezsonal wvariations of
digerste values.

As part of trne present work tritivm releases from a 40 N(*h]
D0Q rederated reaclor (cirus) at Trombay ard the envircrmental tritiun
cuncentrations (am bient air and veretation samples} at different
pround siaticns have been measured cver a pericd of five yeurs and the
statistieal oorrelaticn amcry the different sets of values were
ageenced. Samrling stations were chesen in the proximnity of the reac-
tar primarily with a view to cbtain nositive measurable values to
yiald st atl tically significant data bkase, for a meaningful interpre-
taticn. The trhree cround stations chosen wers gituated at 1500% LED,
ZECOY T and 3000 58W. Airsarplesn were cellected using the
'ecldstrip! method and ve_;;;etatlon sanples (leaves of mango-tangifera
;Eﬁica,L-), rrocessed by vacuun freeze drying technicue. Tritium
reasurerenty were cirrled out with 2 Liculd Scintillation Szectrometer
(Fackard-Yodel 3255} witk a detectior limit of 0.8 + 0.1% pfi/ml. for
zgliecus phace.

L REZTLTS A0 DISOUSSION

Jhe variation in the wvalues of daily releases froxw Qirus reactor
wes quite low {of the order of a few terths of a pCi/ml). The ambient
air concentraticns at the Sround Stations were uvsually of the order of
9 few nCi/mj with corsiderable variations arcund the mean. Slmilarly
the acueous samples extracted fror the vegetation sarples were of the
arder of a few [CI /ml ard stowed lzrge wariations arocund the aean.
Morzally theue values are represrnted as discrete diurpzl variotions
cr in histograns indieating montkly or seasonal variations. lost of
the earlier workers' atiempt didnet extend heycnd the determination
0f mean valueg of such data for different applications aich ag
dilution roate factor determination ete.

The yearly cumulative frecuency distribution of differens seta
cf measured values were drawn cn ‘he basis of the nmethod suzgested by
Seigmurd Brandct (4. In 1ll the three aets of distributiors repregen—
ting relsase vilues, ambient alr concerirations ard the vegetation
sarples similar pattorns, having pesitively skewed rneorzal diatribusion,
were cbserved. These were caused by the occassicnal larger release
concentrmtiicng of tritium which wet reflected ir the ambient air and

* Tresent afdregs: hatioral Fellicw, Lept. of Science & Technology,
Bhatha Atomic Research Centre, Sembay — 400 085
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the water compartrent of the wegetation samples. Thus the median
valuen are effectively shifted towards higrer waltes.

“he wedian valuns correcponding to the 509 frictiles, siving
rtral values insize in eack set of obgservations, 2s seen ina
fr aciicral frecuency dwtrlnutlon ‘U.“ern, differed wildely from thre
Ean values. (See Table I,. The mool nrobable values for a typieasl
year are aloo gliven paranthesis in Table T fer the sake of comparison.

TABLE I Average Tritiun Concemtraticn Values

Tri tiun Sorgentreticn Valumg

vear a% releare teint in artbient air in vegetation zuirles
at Staticn A% at Staticn A*

Yedian Tean Lasan Yedinn
o A T A PR nod foe i/l
201/ e n0ifee noi/m STok Iid o1

1975 1.2% CJT6 %20 ¢80 - -

197¢ 0.G0 e 5.0 SN T 70

1977 CeTd C.29 s 2 LB 334 350
PR _f fote
(G.74) L1.55] 5507

* TR0CY EIE

“he curulative probability curves for the different seig cf
values obtained at the 2ilferent saxpling statione alsc indicated wory
claarly that all the thres digtributilons corresuveondinsg to the releasze
ccneentrationyg of tritiwms, ambient air eccneeniraitions and ‘he ve eta-
ticn samrle walues ciowed resitively svewed nermal distributicon
rettemy.

Irorder to test statistical correlaticn arongy the tritive
concentraticn values at the releage point wd st the ;rownd staticns,
the sample cecrrelat ion coeflicient, 1, was ealzulated usnine the

exrresgion
N o= T Yy /m e (1)

where I‘{ and Hi were the obgserved saluen for the Yiwvariates
taken up for analysis. In case of different sets of okhgervaticra at
differernt stations, interrelationgtip amenp the different hivarintes
can he obtained as a cerrelaticn ratrix £ rﬁj. The sarple enrrela-
tion coefricients calcoulased for a 6x4 ratrix was oorrecied for
sHowness uzing the expressicn

LGRS (1-1)}

Tre pepulation correlation coelFicient, F s 22 calcuated on the
pazis of the expressicrn

P = Z ’xc'yc_—’n'i'ij/rn.(fx ey

N £-3

e 5



were founmd %0 be nonxere, ard indicated goed correlatiicn among
the nots of values. Table TII ;ives a set of tyrical valuee for three
bivariates viz. tritiup concentration valuecs at the releage point,
amk‘gnt air conecentraticns and the condensates {aqueous] ard the
vesetasion samesle welues. It can be seen that there is excellent
coyrelation armong the sets of values (better than 95,5:' coth for sample
correlation as weil 4s for populaticn correlaticne.

TABIE II Typical set of Correlation Coefficients Cbtained

Zarmple Variables Degress of Valueg Cormected 5’; of Degr- % of
freedom for  of valueg sign— ees of signi-
x ific= freed- fican-
i ¥y r T Z ance cdomfor ce
X2 4 30 C.ETH .82¢ 99 B0 g
Xz (4q) X4 1 Cu3M C.368 95 80 99
1 X2 30 G.538 0.604 29 8 99

X1 ; Tritium Conc. at Aelease Peoint { pCifoc )

X2 and ¥2 (Aq) : Ambient Alr concentraiions at Station A in gasecus
{vapour, and ligquid phase. (nCi/m” and plifnl respectively)

X4 1 Vegetation Sample Valles at Statien A {(pCi/ml}

Ir order to test the interrelationships arong the vegeiation
samples at different ground stations to those of air concenirmtiona,
the correlation matrix. (51:5,‘-, corrected,were found to be well within
69 gtatisticul siznificance. Thus the correlation arcnz the ambient
air concentrations and the water compartments of the vegetation was
Teund to be statistically simmiticart based on 4 set of ernvironmental
aanples collected cover a long pericd of tize. It 1s emphasised that
the atove relaticnships were among the distributions themsclves rather
than amont the discrete sample values.

The scatier diapram dravm for a set of bivariates has shown that
for a fixed value o1 one variable there were a whole lot of ropulation
of values for the othner varistle indicating the influence of the
envirenmental parameters on the sets of data. The propersity of the
saimple correlation ccefficiert, r, is norsally reflected by the points
wnich lie in a bard in the scatter diagram, often shaped like an
ellipse with its major axis sloping towards the appropriate direction
depending on ihe polarity of 'r'. In the present case, where r # + 1,
a pair of stiright lines indiecating the scatter of values around & mean
value wag obtained.

Thus in all cases it wag clearly estabtlighed that the astatis-
tieal sigrnificance arorg the envircnmental tritium values, when taken
up as a whole for a long period of time, was found to be excellent.

Ttlising the values cbtained from the zbove sets of values, the
redn, Tedian and the most,osrobable values were obtained. The dilution
rite factor, ¥ ( - sec ), was enlecula®ed for the Trombay eavirono
uning all the above values to study whether there are variations in
the iilvtion vate f=ciors due to the skewed nature of distribution of
tritive in $e environment. Takle IIT sunmarises the valueg thus
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obtained for three years., It 1s significant that the values cbinined
on the basls of the present study shows a lower value tharn the zarlier
results reported {5}.

TABIE ITI  Diluticn Rate Factors (¥)

YTear Based on Yean Based on Vedian Barlier Published
Yaluce values Tata(s)
1975 c.13-0.38,x 100 0,28 x 10} 1.0 - 2.2 x 107
1976 0.10 x 10, Cad3 x 104
1977 J.10 x 10 0.29 x 10
{2.19210%)

Value in paranthesis ig baged on most praobable value.

CORCLUSION

The distribution pattemrmsof environmental tritium in and around
& reactor site on the brale of a set of data generated over a pericd
of five yemrs have snrown that all the distributlons are aussian in
nature with ldentifiable skewness, cAused by occeasional larger
release. The effect of the mean, redlan and the nost provable values
on dilution rate factors were found te be significant., The correia-
tion amorg the sets ¢f data showing tritium concentmtions in
release air, the embient air and the vegetation samples at diflerent
stations were fownd to be gtatistically good, and very nearly perfect.
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AW AIR MOHNITQRIEG PRCGHAMME IN THE ENVIAOXEMENT OF A MAJOR KUCLEAR
ESTABTTSHMENT: OPERATION ANT RESTLTS

£. Knight, B.M.R. Green, M.C. 0O'Ricrdan, and 5.8. Linsley

Na<ional Raciological Pretection Board, Harwell, THdect, Oxon.
0xX1* 0ORg, UK.

Luring the Windscale Inguiry in 13¢7 (1), *he Board was askcd by
the Incuiry Inspector to measure the levels of eirberne alpha activity
iIn Ravenglass, a village on the ccasat aporoximstely 10 kx: scuth of the
British ¥uclear Ffuels otd., Windscale works. (Windscale is a Tuel
reproCGSHirf pqut) During a four week pericd in Scptexber 1577, the
Tean leve’ 239 + 240P: was 5.2 uBg o3 and that of 24lim was
I} pBg o3, Theue levels were o garly elevated above average wezpcls
fallout vaiues (0.8 and 0.1 u33 m=3 respectively) but they were well
L&_Jw the maxizum permissibie concenirations ir air for menbers of the
public prevailing a2t that Time {2700 and TLGO pBg m~3) (2). In
pressating its results at She Inguiry however the Soard comnented that
ihe 3aTpling was nct aulficienily proleunged +o cnable annual average

deses to e assessed with comfidence. PFurtnermeore, the levels might
be higner at other lecations.,

Tke Boarc deciced therefors ho mouni i preogramme o measurcments
in West Cuxlriz with the prinzipal objective of asscssing the
expesure of the local commumities co airbnsrme radicactivity cver a
zufficiently “ong time toc e corfident that the results were indeed
representative; a pericd of one year was deeped suflicient. TH wus
alsn aoped to obiair some inforzaltion zbcout the fmredizte source of
“he alrberne activity az well as ‘ne effect of environmental
conditicnsg, such zs the weatner, on the _evels,

Tre progremnme of samp.ing ran {Tom *he summer of 1976 <o the
suzzer cf 139739,

SETECTION OF STTREG

A fully cenprebensive zanpling prograrme would kave atilised a
derse array of cazplers arourd the Windscale works. [fowewver, becausc
0f financial lirzitaiions, the protiems of analysing large nuobers of
air fil<ers, and the difficul=y o7 Finding suiiable sites, a smzller
rregromne with five sites was mounted.

Siles wers reguired which were reascrnauly secure and which had
gupp.icz of maling elcedricity. The air zamplers were to be lcecated
reoote fror btuildings, firstiy Lo ensure representzbive environmental
sudpling and secendly because of the noise levels [rom the samplera.
Five sives wihick zol these regqulrements were iccated in the areas of
St. Sees, 10 x@m to inec north; Egrement, 7 xT norta-eszat of the worka;

llolnrosk, £ < to the scubkh-eass; Seascala, 3 km to the scuth and
Bskreals, 13 ko south of the works, The aites were cshosen to
colircide with loesl ceoatres of population, (St Bees, Egremons,
Seascale), as well as covering inland (dgremond, Holmrook) znd
coastal {St. Bees, Seuscale, Eskmeals) locations. The Eskmrals site
was a very open cne approxiTately 700 m from the beach.

EQUIFMENT

The alr moniioring equipment in Cumbria ccmaisted of & aigh
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vy lume air samplers, one of whick was ceatrolled by a switch
sensitive 1o wind direction, and a cascade impacior. A nigh volume
sampler waz installed at each site; the wind directicn sernsitive
sampler and cazcade impactcr were installed for 9 months =t Eskmeals
and then 3 months at Seascale.

Each high velume air sampler censisted of an upwerd facing
filter holder at a height 2f 1.5 m from ground, coupled to a high
velocity centrifugal fan (Sccomak §T5/1) and a rotary inferential gas
flow zeober (PCC). Pelyetyrene finre filters (Microsctoan 98) gize
260 mm x 210 mm were used. Huach sempleT was housed in a wooden
shelter approximately " 3 m x 1.3 m x 2 m high with a sloping inlet
on each side, Tre inles measured P00 o x 200 nmm oand were covered
by a metal screen (6 mm resh with 1.5 mm ribs) to nminimise vandalism,
Tre air from each sampler was exhaustezd at recf level, a ceflecter
plete directiing the air flow up and away frex the Inlets. The air
Trow rate using the abeve configuration wae greater than mj/minute.
Tre skelters were designed teo provids good zecuvrity and weather
yrotection, while allowing raidily respirabie parhicles (j.e.
particles up to about 12 pm AMﬁD} <o be sanpled adequately. Iowever,
larager particles are a’ec inportant since the effective dome
equivalent per upit intake for a 239+200py, class W aerasol renmins
fairly constant up to approxizately 100 um AMAT (3). The apparatus
descriled zbove will sample soxec particies of this size but with a
reduced and unxnown efficiency. It is believed nowever that the
agrogzl in the sghe” ter is likely 1o be less deplesed thun it would e
inslde an orainary house where windows and docrs are neraally closed.
Congequently an overestizate Is Tikely to be made of tne concentrat-
lom to which most pespile are exposed hecause of the high indoor
cecuparcy facters that prevail. The concentration of Zazger
pariicles cut of doors is however likely to be under-estimuted. 4
gudsidiary experiment is keing carried cut to determine the overall
degrce of depletion of the acrosol caused by the sheltera,

As noted abtove, one of the samplerz al Bskncals was conlrolled
by a switch sensitive to wind direction., A wind vane on a 4 m high
mast activated 2 switch with a tize conetant of 120 sec when the
wird was ccming from the sea within an angle which wze adjusted to
+ 67%0.

The caspacde impactor [BGI-3C with mode] 1A sampler) was kept in
its nomal aluninium shelzter with trns top removed., This was housed
ir ore cf the woeden shelters described zbove with the first stage at
a height of 4.5 m. The izpacter Ieg a sipgle slis device witk four
impacter stagen and a final {ilter. Glass-fibre filter papers,
moigtencd with olive oil, were used Tor the impactor stuges with
Microserban as the final filter, The flow rate was almost 1 ot/
mintte and was painteined congtart by a pressure trensducer in a feed
pack loop. The impzclor has wx effective cub off diameter cof abeout
10 ue For the first stage and abous 1 pm for the final stage,

During the cne year cperating period fllters were changed
wezkiy. The centrifugel fars used wiih the high volume saxplers
proved to be very reliable. The cascade impactor motor was rot
however go sultable for coniinuoue running. Seversl replacement
mobors had to be used and brushes kad Yo be changed frequently.
Trouble was also expericnoed with lhne zir ficw rate meters which
weTe repaired frequently.
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The sites wers not very accessible to the puplic and vandalism
was nobt a prablem, At one of the sites, nevertheless, the noise
levels ware unacceptable to local regidents. The sarpling programme
rer for a year wiih no majcr prcblenms.

ANATYSIS OF FTLTERS

Each Microsorban filter was pressec intc a shape 80 or dia x
3 mm thick pricr to y counting with a lead shielded *03 oo Ge (Ll)
detectur or a 75 co Ge (L1) cetector with an anticcinzidence shield.
Boih detecors were housed in a stee? room withn 150 mm thick walls.
Fach Microsorban filter and each glass-fibre cascade impactor filter
was counted for 1000 ninutes and the activitiea of the fallowing 7y
enitting nuclides was deitermined:

After ¥ counting, the ordinary high velume sampler filters were
ashed individually. Czocade impactor Tiiters covering a 2 week
sampliirg pericd were corbined before ashing. The ashec samples were
tozally dissolved in hydref uoric acid and the plutonium znd
americium isotopes separated oul using ica exchange resins, Thag
BaInlen wore ele trop_ated onto stainless steel diges znd the
?39+/-UDh, 23%pu and “Wan activities were detcrmined by « counting
using surface barrier deuectors under vaeuum, Yields were acnitored
using suitable tracers,

RESULTS AND DISCUSZICN

Tt is pessible to present cnly a selection of early resultis in
thiaz paper: a full report is being prepared.
TABLE 7. COross asctivity corcentrations in West Cumbria, June +o
Tecenber 1978, uBz =3

Tuelide Beascele Holmrook Epremcnt St.3ees Niskxzeszls Ziljﬂ
CETREY
2328lp. oy 1.8 1.5 3.8 6.1 C.L
238
Aoti- Pua .3 DL oLk 0.7 1.1, 0.02
nides ;hﬁﬂm 33 a.7 0.6 201 1.7 5.05
. L s . . .
¥ Ce 210 330 360 360 230 190
eritters  OfRy g 20 280 580 320 160
37 .
“'ls 990 500 L20 260 730 70
Liglance from
Wirdscale works xm 3 4 i 10 13 -

The numbers in Table 1 arc the means cf the weekly wvalues. The
conventrations varied wi dclg rom weex to week, Lowewver. UFaor
exaryrle, ab Scascale the P39+2L0Py values ranged from 0.7 tc 20 Bg
=3 and the "31Cs values ranged frem 30 to L1G0 :Bg o~ 3,

Ccneidering Pirst the actinides, the resulis Tor the 3 coastal
sites (Seascale, St. Bees, Fgrezont) are similar to *hesc found ab
Havenglass a year ecarlier. ALl results are clearly elevated above
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aversge fallout values. The derived air ccenceniration (DAC) for
members of the pablic s assuzed 1o be 2500 yle w4, i.e. one tenth
of *he wvalue in ICHP-3C, fer each of the zctinides in lung class W.
(L4}. The actinide concentrations are clearly well within appropriate
limits even when ccnsidered Jcintly.

Resuits for ithe Y emjiscrs are also elevaied abave aveTrage
fa’lout wvalues, 1 ce narginally so, 106Ru zore nocticeabhly and 137cs
rathcr margedly. However, the most restrictive DAC for both Tige
and 0%y is 5 x 06 4By w? for lung <luss ¥ and the DAC Ffor all
compomnds of 1370s about G.8 x 16T uBq m 2, The levels in Cumbria
areg four to five orders of magnitude below these DAUs.

Frcm Table 1, it can also be seen that the coastuel sites
{Snaszz’e, Eskmeals, St. Bees) nave the higheet actinide results.

The concentrations of ¥ emitting radisnuclides however Tall off wiih
distance from the Wirdscale works, clearly so where there is 2 astrong
sigral-to-nnise ratio as in the case of Ce.

Compleie analysis of metcorclegical and cther data is proceeding
but puriial anzalysis suggests that at coastal gites the concentration
of gwetinides is deperndent on wind persistence and to 2 lesser cxtent
ot wind gproed. Anralysis of the resu from the directional and
continuosus sartplers at Eskmezlszs shows thal actinides concentraticns
arc higher when the wind is off the sea, bul that the saze 1s nct
true for the ¥ exiztting nusZides.

Because of certaiin metreliogical constraints, the resulta from
The cascade impactor at Weskoeals are net s¢ acourate as the cthers,
Bowover, gome indication of the pariicle sizes can be given,
Approxitate AMADs in um are as follows 73%+2L0py 15, 2383y 15,

2ol pn 1¢, e 1, by 2, 137Cs 3. Fallout of course has =
particle sige less than 1 um, The higher AMADs for the actinides
probabtly points 4o different imxediaze sources of actinides znd y-
en’tteryg. The results are consistent with the bkypothesis that the
major spurce of astinides 8 the sea; Lut the situation for y-
emitting nuclides is more complex,
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SIX-YEAR BXFERIEXCES I¥ TEE ENVIROKMENTAL RAZICACTIVITY MCNITORING ON
TAZWAN

@ Lin and Chen-Hwa Cheng

Taiwan Radlation Mornitoring Station, Atomic Erergy Council of Execu-
tive Yuan, Kachsiung Hsien, Taiwan £33, Republic ef China

Ar. islandwide rneiwork for environmental radicactivity weonitoring
ectabliered in 1974 iz descrited with refererce to (7} radicagtive
failout measuremsn: from nuclear tcostings, (2} environmental monisor-
ing for nuclsar power plants and radicactive waste disposal site, (3)
specially designated site by the government, and (&) inztalments
involving radiazicn. Both nafturally ccpurring and artificial
radionuciides are egually emphasized. All significant resulis are
reporied and discuased,

hservation of Fallsout from wuclear *es*inge mainly at Lop Xor
islandwide networx {Fig.71) for radioaciivity monitering estab-
in *the Taiwar province of the Fepublic cof China io 1974 o
vide radiatior baseline data for the goverrmental agencies were
descrived with reference to tygpes cf emvironmental samples tager &nd
types of radicactivity menisored., The Taiwan Radiatlion Xeritoring
Srating {TEMS) of thre Atomic Energy Coucnil of Executive Yuan has a
primary respsasibility to essaklish the radiatior baselirne data.
~he TRME2 cktaing ervironmental sampled from its own  islandwide

ne:works and involves ‘the analysis for samples eof alr, water, =scil,
vegetation, food, and
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THE PHI-CPERATIONAL MOWITORING - HOW US&EUL ARE ReECOMMEN-
DATIONS OF IWTORYNATICRAL DRGANIZATIOHNS AND VARTOUS
NATICNAL PROGRAMS

M, Miheilovig

"J.steran'" Institute, University of E.Xardelj,
£1000 Ljukbl jana, Yugoslavia

Snvirgnmnentia: moenitoring zround Nacliear Power Plant
Kriso was the flrat pre-cperational rmenitoring to ho ocr-
forred in ocur couniry. The existing natioral legislation
*1 whe yenr (74 dinoluded 2 basic law on radiztion prote-
ation and accormpanying regalations on radiation protection
of wecrkers, on reglstraticn of use, of production, bransport
ard trade, as well as storage and reigase of radicactive
Mmatcrials, on mornitoring the fall-out, food and aninal
feed, on cduication and realiqr control of workers.

Six centers for radiation protection in six republics
were rezponasible for mopitcring and inspeeticn, Sonc re-
sponaagbliities were given to LrJteotiOﬁ latnra-
tories in Lme existing three seience Institutea.

Jaring the scventieos the o luaw Wilth aucompanying
reguiations was updated with =scme general reguirements
roerning siting, buiiding and licensing nuciear Instal

Lo Tey

m
]

. I
inciuding scme restrictions related
radizsactive materials.

now no regulatory Dody for nucrear :ﬁg'unuLl(ﬂ
with full time profesaionals wnz formed.

THE PRE-CPEFATIONAL MONITCRTNG PROZIAM DEIIGH

The pre-cperational envirornmental rmenitoring programs,
in tho period from 1970 bo 1979 were based on reconmenda-
ticns of internsticral crganizationa (1,2), the various
ratiznal programs {3,4) and our own cxpericn

The genoral guidelines far the nre—"wpw'thwh_ redio-
tivity investigsticns recessary for estimating the doac
om blanned relezsas and for the estadlisrtment of _imits
and cenditiorns ¢f radiozotive relezses fron inatailation
ne anvironment were given In Sectior 1V, paragraph s09%
ta preferarce (2. Yet in the 'ovc puzlicasticn nc su-

2 ns piver nn which sarmpl are Lo Do measured by

dior nonspeniflic "ﬁtro z, orn tne fraquency of
oo trne punmber of szmpling gites efto. In para-
ot ama publication it was streasscd that tne
operaticnal inve shculd provide gquantitatlive
for the derivation of wor<ing limits and actiorn Zo-
for reutineg and emcrgency cnvircnmental m”'ifﬁﬂlnu.
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Naticnal programs of pre-cperaticnal monitoring
uzually give derailed guidelines regardirg the metnod of
measurenents for different sampies and sampling [recguencies.
fet all these programs are madefor speqific needz for eaonh
site. :

Thne first pre-cperational monitcring progran for Nu-
ciear Power 2lant Krskc was cdefined by trhe invester and the
laboratorias, whizch were doing the measursments, and appro-
ved by the =zanitary inspectorate ol the republﬁc. The re-
sults were perindically reveiwed and thne program was impro-
ving uzntil it was feit that the oblectives Were reached,

In the following, cur first program wiil be descri-
bed and the improvementa which wWere mace will be cutiired.

AESGLTS

cur first pre-cperatioral program desipgrn ingoluded
sampling and monitcring cof zurface and undergrounc water,
sediments and biotae of Sava river, so0il, agriculfura: gpro-
duzts and ratural radiaticn background., After the first re-
view of resulis mcre emphasis was given to lzotopic deter-
minaticn of water s:moles, bioata and agrilcultural szamples
Qua;z‘y control was included in the program, After some
time further mcdificaticrs were introduced with she aim 4o
identify the site specific critical exposure Datrﬂﬁyﬂ. Mo =
difications ingliuded the change znd addition samplIng
sites fFor undergrcund water, river biota and agﬂicultural
praduce as Wwell as h_r“a: in frecuerncy of sampling., Pro-
gram of annual intercomparison measuremants bebtween the
Ilaboratories involwved in “he rprogram and regular review of
results was introduced.

"'7

DISCUS3IION

Havirg in mind the main cobhjectives of Ltrhe pre-opera-
tiornal monitering: Lo provicde data on radicactivity levels
in wvarious environmenial media zand provide gquantitative
data for derivaticn of working leveis and derived limits
Wwe have corsidered that guality assurance and the usefull-
ness of information which tre results provided should ke
the main criteria for a successful program, Examining the
results of cur Five vyear long gre-copegrational monitoring
program, wWwe found that about one third of our resuits were
ursatisfactory.

From our experience we learned that nonspeciflic mea-
surcement=z, urless they are made on the samne samples as spe-
cific isotope deferminaticn, are of far lesz use than spe-
cific measurements. The results of specifis ﬂeasureweﬂtv
pr

o]

vide information which can be used for identification of
aritical exposure pathways, for deternmirnation of transfer
mebers belween compartiments in an environmental model,
r estabiishing radinactivity levels in environmental
23 in the pre-operazional period.We rea:ized also,
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Lhal oriticesl examinaticn of tne rejevance of propgram de-
sign as well as trne examination of the quality of zZesults
13 essential.

2

CONCLUSICN

Lack of adequate naticnal legislaticn and legislatu-
re body, as werl as lack of authorized, expericnced and
cornpetent radiaticn profteeotion specinlizts resulted 1n our
vaguely cefined znd poorly performed ore-operaticnal mo-
nitoring in the year 1974-77. A11 improvemenis of the pro-
graT were made py a concentrated effoert of few ccmpetent
radiztion protcoticn specialists from nuclear scicnce in-
stiture laboratories.

we greatly enmphasize the need for early cducation
and training of radiation protecticon Workers, a5 we gan-
not envisage & nuciear regulatcory body,: superwising autno-
rity and a suvcessful pre-cperatlional and/or cpersticnal
monitering program without experienced specialists In ra-
distion protection,

wWe Feel, 1t may be useful trat in thelir recoermmenda-
ticrs related to pre-operational menitoring the internati-
anal beodies pub more emvhasis on site specilic exposuare
pathways investipations, on the usefulness of specific
zetlvity determination of envircnmental samples zs well as
o orepuldr critical exazmination and evaluation of rcosults.
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MIGRATION OF RADIONUCLIDES FCLLOWING SHALLOW LAND BURIAL

Jacob Sedletf and Norbert W. Golchert

OQcucupational Health and Safery Division, Arponne Natienal Labwrarory,
G700 Sourh Coss Avenue, Argoone, IL 60439, U.5.A.

[RTRODUCTTION

This paper swummarizes a study of radionuclide slgration conducted
at a facility used from 1944 te 1949 for the shallow land hurial of
radicactive waste. The waste material was produced during operations
with fwo auelear reactors and related nuclear research at this loca-
tion. The facility is located In a wooded, sparsely pobulated area
approxipately 25 km southwest of Chicago {(U.S.A.). It 1is situated in
glacial drifr, which Is about 45 1 thick at the burial plot. Llnder-
lying the drifer is a generally level Silurian dolomite hedrock
approximarely 60 m thick. The thickness of the drifr decraases as
the surtace slopes downhill v 4 portiherly direerion uaril the dolo-
mite reaches tre surface acd ferms the hed of a river, 700 » to the
north,

Two agquifers exist Io the area - ane in the drift, in which the
groundwater level varioes with precipitaticn and season and averages
about 9 m under the plot; and one in the underlying deiomite, a gensr—
ally porous structure. Precipitation reaches the river ecithar as
surface runoff water ot by iafiltration into the glacial drift and
dolomite,

From 1944 to 1948, material was burled in 2 m deep treackes and
vovered with earth. From mid-I1948 to nid-1949, material was huried in
steel birms.  These were Temoved in 1949 and ose of tne burial plet was
disceatrinued. In [556, the facility was decommissioned by building a
concrete wall on all four sides down te 3 m below the surface and
covering it witn a 30-¢m thirk concrete layer. The concrebte was
cnvore% with two feet of soil and the surface seeded with grass. The
area of the burial site was approwimately 47 m hv 40 =

The reactors and lahoratory research buildings were located 600 m
soutd and 10 m wphill of the burial plot. In 1955, the reactors were
dismantled; the heavy water, grapnite, aad fuel removed; Lthe reactor
tank and containment shoell filled with miscellaneous reazctor items and
concrete; and buried in a 12 m deep excavation next to the reactor
building, The top of the reactor shell is J m below the surface. The
excavation was Filled with huildicg rebble, then with earth, and
secded with grass.

This study was begun ia 1974, following the detection of triti-
ated water in two hand-uperated picnic wells north of the facility,
between tne burial plot and the river.

METHIDS

To estahlish the origin of the tritium, evaluate the water
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migration rate and pathway, and determine 1f other radionuclides had
migrated, the following work was done: 1) soil borings were drilled
through and arcund the facility and near the buried reactor, and the
501l sampies were analyzed radiochemically; 2) test wells were
drilled into the dolomite bedrock; 3) water permeability of the drift
and groundwater velocity were determined; and 4) radiochemical analy-
ses of surface water, surface sell, vegetation, and all existing
wills in the area were conducted.

RESULTS

The tritium (as tritiated water) content of the two wells is
shown in Figure 1., The seasonal fluctuations are apparent. In the
well closest to the burial plot {Well A) the concentrations ranged
from about 14 nCi/fl in the winter to about 0.1 nCi/! in the summer,
except in 1977 when the summer comcentrations remained at 8-9 nCi/i.
Since that anomalous period the usual seasonal variatiens have re-
sumed. Well B also showed elevated tritium concentrations that
varied with time, from about 0.1 nCifl in the autumn to 6 uCi/l in
the spring, about 4-~6 months later than the peak concentration in
Well A.

NAND CURIFS PER LITER

35 Ta - 38 79
-1 : 197a

Fig., 1. Tritium concentrations in two wells near burial site,
— Well A, 350 m from site: —--- Well B, 650 = from site.

The tritium content of the surface water and subsurface soil
showed that the tritium in the wells originated in the bdurial plot
and not in the area that contained the buried reactors. The hurial
plot is drained by an intermittant stream that flows in a aortherly
direction toward the river, Tritium in this stream during the spring,
when water is present, has varied from < 0.2 nCi/l upstrean of the
plot to 30-100 nCi/l adjacent to the plet, then decreased with dis-
tance downstream as a resclt of diluticn to about 5 nCi/f1.

Between the burial plet and the reactor site, seil borings down
to 23 m contained less than 0.1 pCi of tritium (as water)/g. Soitl
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borings near the huried reactor down to 20 m contained from < 0.03
pCifg ta 15 pGi/g. In the vicinity of and heneath the burial plot
the subsurface tritium content was considerably higher, 0.2 pCi/g to
5 x 10% pCi/g. The tritium content of the sail berings showed the
direction of water flow to he as expected, from the facility in a
northerly and downhill direction. The deepest sample obtained from
the glacial drift was 2-3 m above the dolomite bedrock and centained
about 300 pCilg-

The =il horings were also cxamined for Pu, U, HCSr, and pamma-—
ray emitrers. BReneath the burial plot concentrations were normal,
except for Ya in the first 2 m directly helow the buried material.
The maximum concentration here was 0.07 pCifg, ahout twice the fall-
out concentration {n this area. Higher cancentrations of severad
rudionuelides (U, ™, 2980, 137cs, and 1%2Eu) were found &t the depth
of the buricd material. ¥omne of the soil borings outside of the
facility contained abnormal concentrations of these elements. The
solid-clement nuclides evidently migrated very little after hurial.

Surface soil from the vicinity of tine burial plot was also col-
lected and analvzed. A small area (30 m x 60 m) in a swale 530 m
northwest of the plot contained elevated conceniraticns of normal U
(10-6D plifgy and Fa (0D.07 te 0.7 pCi/g). The usual concentrations
arc about 2 pCil/g and 0.04 pCilPufg. The U and Pu in thils area is
believed to be the result of spillage during burial apd recoval opera-
tions and not from lecacning of the huriced material, since the surface
and suhsurface soil between the plot and the contaminated area con-—
tained only normal concentrations.

All other water wells in the same glacial drift area were ex—
amined, and nene contained abnormal concentrations of the radionu-—
clides found in the burial area.

NLSCUSSI0ON

The results uf all the surface and sohsurface measurements Indi-
cate that tritium is migrating oot of the burial swite as tritiated
water, but that no other radionuclides have left the plot.

The tritium concentrations decreased with increasing distance
frem the plot. Tritium has been found in the suhsril as deep as
samples have been collected, so it nust be assumed that the ground
beneath and immediately arcuad the plot contains tritium down to the
dolomire aquifer. I[ntegration of the concentrations as a functicn of
deptn and distance yields a total tritium content for the glacizl
drift of the order of 3000 Ci. The deolomite aquifer norsh of the
plot nust alse be assuned to ceontain tritium from the plot, hased on
the well water results. Hewover, in the river that drains the plot,
tritium was ot detected ahove norma? levels due to dilutien.

The time of travel of water from the burial plot te the nearest
weel| is estimated to be 54 months. This cstimate s based on permea-
hitity measurements, from which a proundwater velocity in toe till of
8.2 cn/day was ontalned and on matching the peak concentraticns in the
wells, which gave a flow ratre in the dolomite of 238 cm/day. ruture
dolozite tritium levels may be estimated from the conceatrations he-
neath the plot, where a maximum in the tritiun content cccurred 20 m
helow the surface. 1{ the tritiun was placed in the burial area
about 1947, and has poved downward as a pulse for the past 30 years,
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the average rate would be about 0.67 w/yr. This would imply the peak
concentration would reach the dolomite in about 35 years. By this
time, 86% of the tritium would have disappeared by radicactive decay.

The cyclical nature of the tritium rontent in the two wells im-
plies that tritiated water is carried from the burial site by the
spriag rains when they recharge the groundwater supply. Juring this
periaed, the groundwater rises and a partion of the tritiwe in or be-
neath the ploat is pnbiliced, travels underground and in the surface
stream, and eventually enters the aquifer. At other times, the
groundwater level drops and little water moves out of the plot.

The principal pathways for radiztion exposure azre consumption of
water frow the picnic wells and inhalation af resusoended aaterial
from the surface soll In the swale aorthwest of the plot. The dosc
due ko drinking well water can be cvalaated from the I[CRP medel for
ingestiorn of tritiated water. Depending on the guality factor used
fer the tritium beta particle, the biological half-1ife for body
water, acd the daily water consumption, the model estiobates the dose
to an individeal who consumes 1 liter of water dally at the average
concentration in Well A (7 nCi/1) to e 0.4 to 0.8 mrow/yr. The
C.5.F.P.A. litit for drelnking water is 4 mrem/vr.

The potemtial inhalation dose can be estioated as follows. Re-
suspension factors for acticides in vegetation—covered soil measured
in this area are (1 to 3) x J0-13/m, These factors, apptied to the
averdaps surface soil concentrations in the swale area, give air con-
centrations of ahout 0.4 fC3U/m3 and 0.008 fCiPu/m3. Alr breathed
continuously at these concentrations wouid result in g doscs of
less than 0.2 mremfyr. The .5.5.7,A. limit for airborne transuranicn
clenents In the envircnment iz 1 mrddfyr, ar 10 mremfyr if 2 guality
facteor of 10 is assumed., The putential doses given ahove are quite
conscrviatlve since individuals do not live in the lmvediate area. Ex—
pesure times to airborne material acd consumption of well water by
individuals are small and infreguent.

The two mest probable sources fer the tritium in the plot are
neutron-irradiated heavy water from the CP-3 reactor and Jithium
which fad been irradiated with nevtrons for tritium production. From
measurements of the relative avounts of tritium, deuterium, and pro-
tium in water draining f{romw the facility, it is apparent that the
source was neutron—irradiated dithiun.

Since water Is the wvehicle by which buried material i1s moved,
reducticn or elimination of water movemeat through the burial plot
would reduce the rate of radiouuclide migration. Seme possibilities
are waterproofing the concrete cap and installing drain tile around
the concrete sides to divert water past the area. Although this weould
have little effect on the tritiated water deep in the soll, it would
teduce the probability of future adgration of the other radienuclides
in the plot. Alse, deeper aquifers are helng examirved teo determine
if water containing less tritium is avallable in the imrmediate vicin-
ity.

The results of this study should he applicable to the avaluation
of other shallow land burial sites.
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PRINCIPLES AND RESULTS OF ENVIRONMENTAL SURVEILLANCE OF
THE AUSTRIAN RESEARCH CENTER AT SEIBERSDORF WITHIN THE
LAST TWENTY YEARS

Ferdinand STEGER, Erwin ETZERSDORFER, Herbert SORANTIN

Institute for Radiation Protection, Austrian Atomic
tnergy Research QOrganization Ltd., Research Center
Seihersdorf, Austria

1. INTRODUCTION

The Research Center at Seibersdorf uses its 12 MW reactor
for isotopes production, fuel testing and activation
analysis and operates also several active laboratories,
an accelerator, a waste maraging department with an
incineration plant and an intermediate store for low and
medium active wastes.

Orr the area of the center also the Sateguards Analytical
Laporatory of the IAEA was errected.

Our monitoring system has principally the following aims:

- to contreol the radicactivity which is emitted into air
and waste water

- to ensure that governmental regulations are fulfilled

- to detect any changes of the environment by longterm
emissions.

The monitorinag of the center is performed by emission
and imrission measurements supported occasionally by re-
search projects.

2. MONITORING DEVICES

2.1 Installations for controlling the emissions

The ASTRA reactor is the main emittent 0f shortlived radwo-~
nuclides:

TABLE 1: Shortlived radionuclides emittefdd bv the
ASTRA reactor

Radionuclide Activity per year
Ar 47 200 + 20 Ci

H 3 1 Ci
Fission gas 0,2 Ci
Rerosols, Rh 88, Cs 138 21 Ci

I 131 5.1073 ¢i

For monitorinrg the breathinog air in the reactor hall it
was therefore a counting unit in the off gas tunnel in-
stalled which has a detection limit of 3.70°8Ci/m®. An-
other unit with the same capacity is posted in the 25 m
off gas tunnel.



For tne determination cf the auvrosols, 100 »° air are bhyv-
nassed over a micropore filter. Activities up to 7.10~14
Ci/m? can be counted witn a methane tlow counter.

i-731 is ahsorbed on charcoal and measured with a Ge{Li) -
detector giving a detection limit of 3.10~14 Ci/xm’. Tre
off gas turnels of the hot cells and active laboratcries
are monitored by GM-counters with fixed alarm levels of
1000¢/min or 4000 c/min rospoctively.

All air streaws lcasing outs=ide of SAL are gontrolled
very strictly for their alpha-, gamma- and beta-~activity.

2.2 Permanont monitoring of the air

By a pumping station in the riddle of the center aaily
100 m? air are sucked through & galasfibre filter and the
alpha-, gamma- ansg beta-activity measured after 10 min,
3 hrs and 120 nrs after callection.

[f the 10 min value i1s higher than the rormal scatter -
the values will change witn the meteorolagical conditions
about a ilacter of 3 - this filtor wil! re measurcd with
i cammaspectronetoer.

Tre 720 hrs-values from the year 19878 differ e.qg. form
0,034 to 2,132 pCi/m’.

A sccond aerosol monitor is laocated on the roof of the
institute for radiation protection. The collection and
measurement are taken ceontirously with a f£ilter band.
The evaluaticon is made with vlastic scintillators to
alpha=- and alpra+beta-activity.

In the same place also the meteorolovical datas are
cellected.

2.3 Controlling of water activity
Ir. our center the following water systems exist:

- raining watcr:
it is drained irnto grcund, Dutk from the first watcer
flowirge dowr the pipe, a 2 litre sampie is5 taken.

- wasting walors:
coring from Laisins, showsrs, kilchen arnd toilets;
they are cenducted directlv to tne biological @
ficaticon plant.

- radicactive waters:
all waste waters coming from tre active lahoratorios
are led by a special piping directly toe the deconta-
mination plant.
High radicactive fluids are not allowed beirng poured
ir the sinks, but have to be prought in nrotected
vessoels to the plant.

- pcssible radicactive waters:
they are gathered in tanks, the activity is measured
ané ecither digspatched or led to the aecontamination plant,
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All cleaned sewage watcers coming from the biological
purificacticon- or decontaminaticn plant, are cellected in
& reservolr and nuroaed to 2 near river.

For monitoring, Zdairly samples are gathered from pumpilnag
reservoir, the cooling pond and the reservoirs of the
decontaminaticn =lant before releasing.

Weexly water from three wells in the center and a series
of wells arcund the darea, a samvle of a near ditoh and

one of Lhe arinking water is taken.

Also sarmples of the rcof walors arce measurcd overy wesk

if it is ralining. The everaged activity is about 6 - 15
pCivl. After a longor dryness the activity increases to
about 100 pCi/fl.

Furtiier wells ana surface waters in the envirornment are
collected in half a merthly, monthly and tree months evele
The values differ from 0 to 9% pCi/l.

2.4 Caontreclling of the soil samplas

Furthermore soil samples and vegetables are collecrted from
six dilferent points. Tre soll gamples are taken fronm

ar area 10 x 10 em and the depth of 5 to 10 om. The grass
is taken from 1 m?. The values in 1978 werc:

-~ Pu 239: qgrass £ 3 to 21 fCi/fg ash.
s0i <3 to T2 fCi/fg ash
- beta-agiiviily: crass 1Z Lo 284 pCléash.

The samples are taken quarterly,

¥From five pilaces from the river Leitha - above the reoz
oI the waste water pipe, 10 =, 700 m and 10GC m bolow

arG 1n tre next village - various samples are takon:
sand, wud, scewcads and small craw fisnes. Afcer prepara-
ticn the activity is determined. The zensitivity of tre
measurement is good enough that 905r and 23%Pu can be
deterrined in the size of tho fallout concentrations.
Half a yecar samples are collected from diverse parts of
tne purification rplant and every year sand, Tishes wand
bBicicgical material.

2.5 ITnstallations for controlling the immissions

The megasurerment of the immissz:onsg are maae in erincinle
for nroventive gvents, to realize the limits set un by
the auvtheriticos and toc verifv the values which are cal-
cuiated f{rom the measurements of cthe omissions.

The envivonmenial surveillance to the gamma dose is nade
by TL dosimoters. We use simultancousty card and bulb
dosimetors which are housced in an Al-gylindre faor pro-
tection against weather (1),

ciralos
ent indeven-
irner zircle

Dosimeters are placed in two about concentric
around the center to superintend the enpvireonm
dent from different emissicn parameters, tho
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in 30° and the outer in 90 steps. The chande of the dosi-
meters and the evaluation is made monthly.

|

9 J

mRem

—

12077 4,782 3 4 5 6 7 8 5 fo 11 712

Fig.1 Fence-dose in the main-wind direction TLD

Additionally, the fence dose 15 measured with two integra-
ting gamma radiation deserate @monitors. One is situated

in the main wind directicon and the seceond in one of the
surrounding villaces. The detectors are sensitive GM-
tubes equipped with a registerino unit.

3. DISUUSSION

Since the center lies ir an agricultural area, at first
the main stress was led on the menitoring of water anag
also of air. The described systen was extended by rings
of TL-dosimeters ard deoserate meters and aerosol moni-
tors. The described system was sufficient up to now in
monitoring alpha-active lakoratories and waste management.
For comparison, in research work the Pu-fallout was deter-
mined all over Austria {2}. For verification of the valid
calculations for the spreeding cf activiiy irn the air, a
filter pump unit to collect 5000 m*/h on a charcoal
filter is in construction.

4. LITERATURE

1. Cuftscrmida, ¥., Ch. Strachotinsky: S5GAF Report No.
2543, 8T 49-75.

2. Irlweck K., F. Steger: Proc. IVth Int.Congr. of
Int.Rad.Prot.Assoc. Paris, 24-30 Apr. 1977, p. 853,
Nr. 145.
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SIX-YEAR EXPERTIIGCES N THE OPERATION OF A [OW 1EVEL LIQUID WASIE
TEEATMINT PLANG

Song~Jey Wen ,Su-lal Hwang and Chao=Ming lsail

Trstitute of Nuclear EZnorey Research, Atomic Fnergy Couneil, Ling-Tan,

Talwan 325, Republic of China

After the review ol the Leocrrmiaues and experiences of other
countries ard considering the specific situostion in Talwan, we at the
Tnstiftute of Nuclear Snoroy Hescarch (INER) consiructiad g low-level
licuid waste treatmmont nlant in 1973 (Fig.1). Thersafter, the fuel
Fabrication nlankt, the lnotone production plank atul other research
Laboratocrics have bioen sot uan one Ly one.  The amount of Coguld wazte
oeen increased from 600 tons to 2500 tons every oDonth. The
tv_ty concentration ranges Srom 70‘5-,-(?1',&111 vo 1073l The
waste volune nd the radioactivity as well have incressed aradually
with the growing of the [NUR.  The treatment wlan: has aiso been
Improved every yvear to fulfil the requirement of the INFR.

Tigure |
CONTINCOUS PROCESS

The [iow Jdigran of the %-;\w,-.r Tevel radicact lve Liguid wante
trectipent is shown in Fig.200},

Recontor for ligquid waste
A . 21
After samnling with qross 2 counting and the adjustnent of 27 at
6-9, the rodiogotive ligquid waste from e operation and malccorance
cf the Taiwan Researen Reactor snd other plants was puemped to the
(Fied into ‘wo

liruid waste treatnert clant, Tho waste [s cla
catagories.  The first catagory 1s tne liould wasic whose gross g
activity is below 4 x 1077 0L/l and is purped to £he tall ond of the
storage tack in the treacwent olant. It Is then discharged to the
round dispozal ares. The scoord catugory 1s that above 4 ox 190720C1/nd
and is purped o hne head ernd of the sfworage tark for freatmient.
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Liguid wasto treatment

toe liquid waste from the storage tanx to the pretreatoent
T, oand nuon

tarx for savpling, =F measuremtns, radioactivity coanti
aralysia.  wWe thon choose the proper ohecicals ard determine Lhe
muartity.  Afler passing through the first reaction tank and the

filrration tank, if the radiosctivity 1 decreascd to the dizgh
level, thon the licuuid waste will flow dirccetly to the first and
second neutralization tanks Zor proper pi adjustment., and Tinaliy it
flome: to the tail end of the storage lanxk,  Afzer sampling and
courting, the liguid waszte is discharged to the ground disoozal azrea.
If trhe iliquid waste dooes not reach the discharge lovel, the clear
liguin will hbo pumped to = second precipitation tank for wrecipltation
with calciusn nnosphate. After precipitation, 1f the uomer clogr
salution ig nelow the discharce level, it will be puomped to the
neutralization tank, ard then o the bail end of the storage tank and
finally to the ground dispost] area,  Olherwise 1% will be pumped to
an ion exchange tark.  If it still dees rot reach to the 2ischarge
level, it will be purped to the head end of the storage [or recycic.

Treakment of precipitate

Most precinitates i the wwo nrecliplitation tanks are Fe(CH)s,
Cay (P4, and NigFe(Ch],. They will be centrifuged to a concenirate
sludge which has 10-20% solid content,  The sludge will be stirred
with cerert at the weight ratic of 2 %o 1, then it will oo transforced
o a 53 wallon barrel for dryness and selidification.  Afcer being
covered and gecaled, the barrel is stored for further treatment.

Cischarqge of Waste ligquid

Although the waste liculd in the process iz zonitored froguently,
effluent sarples should be taxen and counted before discharced to the
groond dloposal area for She mrevention of viclating the regulticrs,
The trace amount of nuclides will be absorbed or adsorped in the seil
after discharged. There are 20 wells whose depths vary from 25 to 30w
around the disposal area for monizoring the cortanination of under-
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oround water.
OPERATTON EXPERIENCES AND [MPROVEMENT OF BEQUIPKENT
The advantages and disadvantages of continuous and batch orocessos

The fatch process uses the profreatment tank for the addition of
chemirzls. The quality ccntrol (X)) group takes sample for analysic,
Toking the optimur condition hased on 00, the p” of liquid waste is
adjusted and the chemicals are added. The liquid waste is stirred
sufficiently and settled for & h or overnicht to precipitate the
radionuclides.  From the upper clear liguid, satpling is perfovmed fer
counting and analysis and o determnine whether it nay be discharged
ar not.

The: advantages of balch process are very short operation bime and
large capacity. The disadvaniage is that it recuires nore cperatien
tarks which are not necessary for continuous process.  The continaous
operation for 24 h, on the other hand, has lover capacity and regquires
Tore MEn power.

Improvement cf ion exchange capebiliry fer vermiculice

Vermiculite, with good water permeability and high selectivity
of cesium ion, iz one tne cheapest {on exchangers avallaple, Ik is
approvriate for treatuent of low leyel radicactive liguid wasto.

From the practice of che olanc omeraticn, 1t showes that the
higr concentatlon of lon will cause the efficicney of the vermiculike
oxchange capanility to decrease. 1P tre washe livulid preotreated withn
vormiculite nefore chemical treatzent, then the efficicroy of decorta-
airation will be increased and the exchange capacity of vermiculite
will e Lrproved.

A5 the experimental data show, vermliculite has poor selectivity
for 9DSr~90Y, and its efficiency fpr ion exchanges is low. The more
cfFicient method for trearment of 205r-20v is the precipitation with
calciun phosphate,

The improvement of peat apsorption for liquid waste treatment

Since the combistion capability of oeat, it is not sultable to
bz used as a fuel. In the past years, peat was widely used in soil
imoreveners and gerdening.  Hecently its applicaticon shifts to the
utilzation of its swecific characters.

The p' value of tre sclution has great influences over the
absorotion capability of peat. Tris is due to rrhat the hunje acid in
peat has lower exchange or chelation reaction under nigh H concen-
tration. The peat han —ore abzcrphicon as weax alkali. Unually, the
waste liguid after chemical treafonert is in this range.

AIG ¢m layer of moat on the ground disposal area will decrease
the contamination, and make the 2iooid waste freatment Tore
aporosriate, After saturation, the peat should be removed [or solid
waste treattent.  The dizasdventage is the snwll voluwe reduction of
veat after incinereticon.

Imorevernent of sludge treacoent
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Tre sludge, the coprecipitats from 1iguid waste treatment olant
with solid content about 3-5 WE, i1s ct)r:"ifL.grxl after dryness. The

volure 15 decreased and ther 1t is treated with ceTent, The
solidified wrodacts are ready for firal treatment.  The centri is
a continucus borizontal tvpe. The solid ls separated Trom 1

by a conveyor sorow.  The character of che cerncrifuce s
to meparate different propertices of suipersiors by vasving the ra
ol rotation and the difference R between oowl and SOMWEYOr .

Tre eifluent {ran : toe high

e separaticor of oludge nza
solid content., Tt carrou be transforrod to the liouid waste storage
tark.  Replace che liquid storage tank with two 530 md tanks az feeding
and effluent recieving tanxs for decanter, then the oberation can
meet with the reqaliror."cn'._.fz] .

Invirosmental monitoring

Tre firal licuid wasie after tLreai: i disgharaed to the
around dinmozal arca,  The adscrocion capanility of soit keeps the
vroandd water from contas ciocr. To gue 1rd the urrl”"":’-:_)'_:n-::". water
rosouraes and progyens. to From oo witicn, thero arce 20 desp wells
arcund the disposal arca Dor envirorooestal monitoring. Houtine
samgling and analysis for seves 5 has shown that the radioacti-—
ity is about the Dockgroond. no ovidence of contas i

CORCHUS OGN

The construction and overation of thls Tow level waste
I vhe first cxverionce in Repunlic of Chinal Sore
Fave boor mado as ment loncd 'De:’:Jre.

The total wolune of liguld wasto trested in & vr was H472
ey Cecontaminztion facior was [rom 5 to 2300 The gross beta
discharyged after treatment 1u 2799 mll, lous than £30 =010 por yoar on
AVOYAD '}'.LC.’“: in leus than the predicted alscha vivity of 1 Ci
mer vear. From the oxoerleros of operation for 6 yr, we cong!
batii process to b Tore practical than continaous procsss ospecially

: v ol trod b : The monitoring of we'll
samnleg shows that the Ll irged e the groosd S
area 4o0s not contaminate the environment,

b
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THE DEVELOPMENT OF CRITERIA FOR LIMITING THE HON-S5TOCHASTIC EFFECTS
OF NON-UNIFORM S®IN EXPOSURE

M. W, Charles and J. Wells

Berxeley Nuclear Laboratories, CEGB, Berkeley, Gios, GL13 9PB
England

Several recent papers (1, 2, 3) have outlioned some of the
limitations of the latest recommendation of the Internaticnal Cewmmi-
ssinn on Radivleglcal Protecricn (ICRP) in the ecase of skin vaposure.
ICR? publication 26 (4} for example gives litrle or ao ceonsideraticn
to the importance of

(1) the incidence of radiation induced skin cancer

(2} alpha and low energy beta irradiation of the basal layer,
particuelarly for thin skioned persornnel
partial~body skin cxposure such as that to the fingers
very non-uniform localised exposure such as that frem
small sources and radivcactive particulates.

Items 3 and 4, which we will refer to as cases of non-uniform
skin exposure,will be the subject of this paper.

(3)
(4)

XOX UNIFORM SKIN EXPOSURE - THE PROBLEM REVIEWED

When personnel are expesed to external and/or internal sourcas
of radiation the resultant exposure of the body is rarely uniferm.

In order to limit the potential detrimental effects of a non-uniform
skin exposure it is necessary to consider the probability of

producing stochastic effects (cancer) and early or late non-stachastic
effects {uiceration, fibresis, ccsmetic changes, etec.}.

For chronic exposures of large areas of skin stochastic effects
may be limiting, particularly if skin cancev incidence rather than
mortality is considered (1). The whele baody skin dose limit may need
to he reduced beiow the present 0.5 Sv a”l if skin cancer incidence
is considered to be of concern for medical or industrial-relations
reascns.

In practice the skin of the whole of the body is ravely, 1If
ever, exposed near to the dose limit. As the exposed skin area is
decreased the stochastic risk ean be expected to be reduced on the
basis ¢f there being a proportional decrease in the number of
irradiated cells (5). At some particular value of skin area the
stochasric dose limit may be so high that aon—stochastic effects
become limiting. The area at which this ocecurs deverds upen an
assesament of the relative detriment of skin cancer Incidence versus
cosmetic changes. The present ICRP non-stochastic dose limit of
0.5 8v a~l is that which ccrresponds to umacceptable chroaic skin
changes, mainiy of a cosmetic nature. Little relevant data exist
to provide a pasis for this limit other than the work of Sulzberger
(6). TRecent followup studies ¢f wic.ua, fa:ally exposed groups
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indicate that the limit may be too Sigh (7). Mere clinical,
epidemialogical and cxperimental evidence is clearly needed before
a rational system of skin dose limit en can be implemented which
applies to the ranpe of skin areas jrradiated 1n practice.

For very small area exposures, pevhaps less than 1 em®, such as
thase from smail sources or radiocdctive particalates,the likelihood
of chranic exposure of the same body site 1s reduced and the acute
response to high lecal doses becomes cf significant practical
importance. The ICRP ofter little guidance four this olituation (4,
parapraph 183}, .

An evaluation of the mean dusa Lo an area of | cmz, Mnich was
previcusly racommended by the ICRP (8), 1s na lenger considered
appropriate for comparison with the dose limit. Lo the zbsence of
suitable guidance the averaging procedure will however probably
continie to he used apd is likely toe represent a cunservative
appreach for mwost situations., A sounder basis for operal
procedures ard 2 knowledge of toe mapnitude of pessi
averaging procedures 1s ciearly nece 1Ty,

There is at present so little clinical or experime:
for non~uniferm exposures chat the ICRP (4) advice Lo predict
skin reactions oo the dasis of the abuorbed dose disecributino cannot
led with., Wwhat data Is available to aid a propgnesis?

87 20N UNIFORM SKIN ZXPOSURL STUDIES.

Cnly three (9, 10, 11} systematic studies appear to have been

attenpted with the specific aim of providing guidanre to predict

ional

m embudied 1n

the likellhood of non-stochastis effects in pon-uniformly irradiated
skin.

Kreb's (9), as part of a theoretical study of the tesponse of
martazlian skin te irvradiatien with parricles of irradiated nuciear
fuel, produced guldelines on the ciicots of radiesctive particulares
on skin.  Tooa proliminary study to veriiy the usefulness of these
ia Forbes (L0) evaluated the cffcrts of Jrradiated cranium
tierespheres on the skin of mice and pigs. The peiot depth dose
{i.c. the dose 1n tissue at a depth of 00 um directly below the
partiale} and the "Kreh's dose' (the dose at the edge of a
civcular field ol 4 mm radius, at a depth of 100 wm below the skin
surlace) were both found to correlate well with the area of g

ki (Yig. 13, However, hoth ciceratlon and desquamation in
pig skin crourred at lower Kreb's dosesn than the 15 Gy predicred
larpely on the basis of ciiwiral d: using X acd v radiation.
The minimum Kreb's dese vequired to preduce a snal! bat recoegnisable
uiveration it plg was helow & Gy, Extrapelatien of the data to
devive threstold doses is difficult sivce no sub-threshoid data wes
gonerated by Forbos.

It is intervesting to note that Zean, Langhan and Hellacd (10}
reported the response of human skin to acute irvaciarion with fuel
particies of the same type used by Forbes. Exposure of the forearm
to peak basal laver doses of = 500 Oy produced transient point
erythena and dry desquamation respectively.

Mabhlur (12) nas Lrradiated the skin of HEantord minlature swine,

s ol 10, 25, 62.5, 150 and 400 Oy {surfare dose) of
fon from circuiar <0570 placues with aress of 0,01, 0.3, 1.0
L0 oem The alm ot Lhe study wis 10 InvesoLp
i i seoon dose ana area irradlated.

CELT

]

e Ches

[SRE IR

PO I A

114



15— .

- i
i //Ii
E T 5
=~ Depigmentation ,”
& ° dry desquamation / & 4
v L iy
E I A L
e I _,*/ '
g - :/ Bl
c 5 fuy X¥ Ulceration
s F Y o
- n d * -
- /4.wi‘
0 L AN ot 1
a 10 10? 103

Krebs dose /Gy

Figure 1. The response of pig skin following irradiation with
radiocactive particles. Small particles {(dia ~ 100 um) are
represented by squares and circles; iarge particles {dia ~ 250 um)
by triangles. Data from Forbes {12}). Peak doses = 200 {600} x
Kreb's dose for large (small) particles.

Due to the limited pumber of radiarion doses used 1n this study it
is net pessible to provide precise threshold doses, but from an
examination of colour slide records it was possible ta pravide
values for adult Hanford miniature pigs {Table 13}.

S —
Area of Surface Skin TDose/Gy
20474 fep? crythema ulceration

1072 > 400 > 400
0.5 62.5 - 150 | 150 - 400
1 62.53 130
5 62.5 62.5 - 150

Tabie 1. Threshold doses for Erythema and Ulceration ia Pig Skio
using amail Ti beta sources {13).

Moritz and Hewriques (14) irradiated the lateral and dorsal
surfaces of young Chesrer White pigs (10~15 kg) with circular {1 cm
RB-emitting plaques. Little correlation was segen between surface
dogse and biological response for the different 3-energies but goed
correlation was seen when the dose was calculated at a depth of
9 mg ¢m~2, in the vicinity of the basal layer. The mest important
result of this study is the clear illustration of the importance
of 2-energy iu any consideration of the biological response.
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SUMMARY

The studies of Forbes, Mahlum and Moritz and Heuriques, thauvgh
41l necessarily limited, show the L[mportant role which animal
experinents can play in the development of protecticon criteria for
acute nen-uniform skin exposures. There is a conticuing requirement
for studies nof the dependence of thresheld deses on source area and
radiation guality. More than one anlmal species should be studied
and extrapolaticn to man sheuld be on the basis of histolepy and cell
kinetic studies, taking inte acrount the bielogical and morphoelogical
differences between arimals, A nore gesera) model than that vrovoscd
Ly Krebs could ther he evolved for appiication in the wore complex
practical situaticns ecuceuntered by radiation workers. We are
involved in a collaberative radicbiclogy programmue of this kind with
the Churehill Hospital Rescarch Institute, Oxford and
St. Barthelonew's Hospital Medical College, Loendon which involves
the bela irradiation of pilpgs and mice. The rationale of the
programac has beern described elsewhore 1o some detall (15, 163 and
the results will be puhlished in due course. Preliminary daza
supports the wiew that there is a reduced acute biolegical respouse
as either the area of thne lrvadiared skin eor the depth of penetration
of the radiation is redeced. This werk will indicate the level of
pessinisn entailed in dose averasing procedares.

Ciinieal and epldemiology studies should centinue to he
cnccaraged In order to underwrite, and further develep, oriteria
for limiting larpe area skin exposures.

ACKNOWIEDGEMENT

This paper 1s puklished by pers Lon of the Central

Flectricicy Geaeratizy Board.
REFERENCES
1. Charles, M. W. and lindop, P. J., 1979, LAYA-SR-36/6. In,

Seminar un the Practical Limitaticns of the ICRP Recommond-—
aticns (1977).

Z. Coewper, G., 1979, IAFA~SR-36/5. In, Seminar on the Practical
Limitations of the TCRP Recommeouadations (1977).
3. Finnigar, T., Huda, W. and Newherry, G. R., 1979, 1ATA-SR-36/5.

I, Senminar o the Practical Limitations of the ICRP
Recormnendat ions (L1477} .

4, TCRP, 1977, Arnals of the ICRP Wol. 1, No. 3, publication 26,
Recommendations of the International Commissicn on
Radiclogical Protection.

5. Hulse, T. V., 196Z, British Jeurual of Cavcer, 16, 72.

6. Sulzberger, ™. B., Baer, R. L. and Borota, A., 1957, Arch.
Berm., 65, 639

7. Lenz, U., Schiittmann, W and Arade, D., 1978, TAEA-SM-~224/504,
In, Symposium on the Late Biological Effects of ILomiziog
Radiation,

8. ICRP, 1986, Recommendations oi the lnternational Commission on
Radiolegical Protection, Pergamon Press, Oxford.

16



12.

L3,
1&,

1s,

Krebs, J. 8., 1967, The Response of Mammalian Skin to
Irradiation with Particles of Reactor Debris, USKRDL-TR-67-118,
Forbes, P. D., 1977, Acute Lesions in Skin produced by
Radicactive Microspheres, ERDA Contract Ne. CO0-2366-5,

Dean, P. ¥., Langham, J. and Holland, L. M., 1970, Health
Physics, 19, 3.

Mahlum, D. 7., 1970, Pacific Northwest Laboratory, Annual
Report for 1968, ENWL-1050-part 1, VM-48.

Mahlum, . D., 1979, private communication.

Moritz, A. R, and Henriques, F. W., 1952, Lab. Invest., i,

167.

Charles, M. W. and Wells, J., 1979, Radielogical Protection
Criteria for Non-Uniform Skin Exposure, CEGB Report RD/B/R4522,
Wells, J. and Charles, M, W., 1979, The Development of
Criteria for Limiting the Non-Uniform Irradiation of Skin,

GEGB Report RD/B/N43565.

117



INVESTIGATIONS OF THE NATURE OF A CONTAMINATION CAUSED BY TRITIUM
TARGETS LSED FOR NEUTRON PRODUCTION

E.M.M. de Ras, J.P. Vaane and W. Van Suetendael
CEC-JRC, Central Bureau for Muclear Measurements, GCeel, Belgium

1. INTRODUCTION

The purpose of this paper is to show that the risk of handling
targets used for generating fast neutrons in a Van de Graaff accele-
rator is caused by metal-tritide particles whichk may be emitted from
these targers. It is obvious that this fact, also described by Fehér
and Bird (1!} who arrive at a slightly different conclusion regarding
the dosimetry, constitutes another type of risk than mest other cases
of handling tritium, where incorporation in the pasecus phase must be
considered.

The targets consist of a thin layer of titanium with occluded
tritium, on a backing of Cu, Al or Ag. Our investigations started in
consequence of a widespread contaminatien in a Van de Graaff accele-
rator buildicg, afrer 40 targeés containing an average of 7x10!0 Bq
{varying from 4xi010 o 56x10! Bg) of tritium per target had been
stored, prepared, transported and applied over a pericd of 7 years.
The total size of the area was 3000 mZ. The depree of contamination
over this area varied and there were some 1000 hot spots on floors,
work benches and wails. The high level of this contamination was only
realized after windowless gas flow counters had been introduced in
the area. Faecal and urine samples of persons concerned were taken,
Samples of the contamination were collected from the surfaces and
auto-radiographed. When micrescopic examination of the samples showed
solid particles a Few were further examined microscopically and by
X-ray spectroscope., The sresence of titanium and tritium in the par-
ticles was established., The method to arriwve ar the radiation dose
after incorporation of the particles is discussed. The procedure of
removiag the contamination and the steps taken to prevent further
contamination ig not mentioned here,

2, DETECTION METEQDS AND RESULTS OF MEASUREMENTS

The contaminatien check of the area was carried out using win-
dowless gas flow counters. The total activity found was 3.7x107 Bg,
distributed unevenly over the contaminated surfaces, with maxima of
up to 5.8x102 Bq measured over surfaces of 1 dmZ. The derived working
limit for surface contamination by low enerpgy beta emitters is
37 Bq/cm® for low activity areas (2), For more detailed testing some
radioactive material was collected from the surface on adhesive tape
by covering a contaminated spot with the tape, applying light pres-
sure, then pulling the tape off, These zamples were auto-radicgraphed
{3) either with Ilferd nuclear research plates {(K-5) or with ltiquid
emulsion {L-4). After an exposure time of up to 8 hours the developed
£i1lms showed black spots, underneath which solid particles were loca-
ted after examination under an optical microscope.

In order to test our assumption that the particles had been
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Fig.1

L
expelied from the targets a Fig 2a HORIZONTAL

special laboratory experiment
was dewveloped.

An unused targer was atrached to the wall
af the box as shown in Fig.l. Micrgscepic slides
eovered with an adhesive were put in front of the
varget, in a horizental and in a vertical posi-
tion. After a peried of 100 hrs the slides were
removed and covered either with a liguid phetographic emwulslon or
with tuclear research plates. The results of autoradiopgraphs taken
with nuclear research plates are shown in Fig.Za and b,

Fig.2b  VERTICAL

The maxipuw physical sizes of 300 particles, measured microsco-
pically and pletted on logarithmic paper follow a log normal size dis-
tridhution,with a mediar diameter by count (CMD) of [Cum and a standard
deviation v, 0f 2.2um (Fig.3). The smallest slze detecotabla by this me-
thod is lam; no particles with sizes below 3 am were found., The cor-
responding_perodyuaﬁic diamerer (CMADY 1s found from the retation
CMAD=COMvdensity. Using 4 demsity of titanium of 4.9 g.em S we find
CMAD=2Y um; the Mass Median dAervodyanamic DHameter,MMAD,1s calculated
from the relation

Jog CHal=lop PHAD-6.91(1og o e 598~ PERCENTAGE OF TOTAL NUM- ' o
we [lnd MMAD = 140um . | BER OF PARTICLES WITH DiA-, /|
The presence of tritium ino '+ | METER LESS THAN STATEQ ‘
the particles was shown with the 51ZE
aid of a specially bulit,very \ ) : . I
smal) windowless gas flow counter 90-] ! I ]
with an opening of 2 wm diam, This ; ! ! ‘
was placed over a single particle “DJ ! :
by fixing the detector to the mi- a0 B -4 . I,
croscope,adjusting the co-ordina- . CMD:10“T
tes af the window to that of a 30 P o'g = 22 s

partivuiar,isolated larpe particle.
The 3 -spectrum thus measured cor— 10‘] T
respends to the spectrum of a tri- :

tium calibration scurce,

|
The presence of titanium hi st
was shown by measuriung the charaso- 024 : R -l
teristic lime spectrum of the par— i Ty _}; i) 50 10
ticles by X-ray specLrescopy as BHYSICAL DWAMETER d (m)
shown in Fig.4; the Ag,Cl and 8 .
lines are due to elements in the Fig.3
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photographic emulsion, Fig.5a and
5b are scanning electron micros-
cope plctures of a ritanium par-
ticle with and without covering
by emulsion.

The results of the urine
sawple analysis did not point to
the presence of tritium In the urine. The faecal sampie contents from
10 persons analysed during the perted 1972-1979 ranged from
P.ox1o3 Bg - 0.4 Bq/24 hr sample. The fritium was unevenly distribu~
ted within the samples,which fact was found as each sample -for prac-
tical reasons— was divided into 4 parts before the analysis was
carried out. The analyses were made by Dr.G.Koch ef the S.C.K. labo-
ratories at Mol. The fresh sample was dried under vacuux at room tem—
perature in a disposable nickel crucible, the distillate being col-
lected in a trap cooled with liquid nitrogen, The dry residu was
burnt in a2 combustion train in an oxygen stream and the corbustion
water was collected in a trap ceoled with dry ice. The radicactivity
of the distillate ané of the combustion water was measured In a
liquid scintillation spectrometer, The detection limit for an aliquot
of 10 em? water is 1.9x1072 qucmg.

An estimate at which the particles spontanecusly detach from

target was obtained by applying the method described before (Fig.l)
to a aumber of tarpets., An esrimate of rate varied from 20 to 8000
particies per 24 hr,

3. DISCUSSIOR

Several results of our investipation peint to the fact that
the contamination consisted mainly of particles. The fact that
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tritium was found in the faeces and not in the urive is the first in-
dication. Tritium in gasecus form being inhaled or otherwise incorpe-
rated would have been distributed im the body fluids and excreted in
the urine, The inhomogeneous distribution of the tritium in the faeces
forms another indication. The results of the auto-radiecgraphic analy-
ses of the samples collected in the work aswell as in the labeoratory ex-
periment confirm the “particle theory",together with the observation
of particles by electron microscope. The X~ray spectrosceopic analysis
confirmed that the particles consist of titanium; the f-spectrum iden-
tified the tritium,

The distribution of inhaled tritium-titanium particles in the
pody organs ¢an be estimated by applyinpg the particle size data to the
Desimetric Model for the Respiratory System (4). According to the
large size of the particles the initial deposition will exclusively
take place in the naso-pharynx. Those deposited in the pharynx will
subsequently be removed with the mucus into the meuth and then swallo-
wed. The nose-deposited particles will either be removed by nose blow-
ing or be swallowed.

The radiation dose to the naso-pharynx wiil be small because
of the short passing time and the low energy of the f-radiation. The
same applies to the gastro-intestinal (CI) tract through which the
tritium will pass after having been swallowed. The surface cells of
this tract are wvery insensitive for radiation {5). As metal tritides
are not taken up into the body from the GI-tract (6} the material will
be excreted after having passed this tract.

In order to determine the radiation dose quantitatively the
relavion between particle size and radiocactivity must be better known
than yet established. Work en this is goilng on. It carn however tenta-
tively be concluded that the dose must be considerabiy smaller than
in cases where tritium is incorporated in comparitive quantities as a
gas and that the dose to the lung in our case will be neplidvle.
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LES PROBLEMES DE RADIOPROTECTION REKCONTRES DANS UN LABORATOIRE DE
MARQUAGE DE MOLECULES AU CARBONE-11.

H. VIALETTES - A. MOREAU.
LE CARBONE-11 EN MEDECINE NUCLEAIRE.

L'interét gue suscite le carbone-11 par le marquage des prodairg

radivpharmaceutigues est did

. 4 sa courte période (20,3 mn} qui permet de diminuer de fagon trés
sensible la dose engagée pour le patient ;

. & sa grande radicactivité spécifique, qui permet de n'injecter gue
des masses trés faibles et, par suite, sans effet physioclogique, de
produits roxigues ;

. & son mode de désintégration par é€mission 8+. Par annihilation,
deux photens de 5:l xeV sont émis 4 18G° et des images tomographi-
gues de la répartition de la molécule peuvent Atre données 4 ltaide
d'une caméra 4 positoas ;

, au fait gqu'étant isotope du carbone naturel, son introduction dans
une melécule organique ne mcdifie pas ses propriétés chimigues ou
physiologlgues.

A contrario, ces qualitéz mé&mes, et, en particulier, ia courte
péricde, se révélent &tre un inconvénient impertant sur le preéparateur
gul doit
. faire une préparaticn pour chague examen,

. partir de radicactivités élevdes pour aboutir 3 une ackivité injec-
table suffisante au hout du temps de préparation. En effer, il est
nécessaire, au cours de ce temps de préparation, de s'assurer de la
parfaite pureté radiochimicue, de la stérilité et de l'apyrogénéci-
té du produit gqui sera injecté au malade, de sorte gqu'en moyenne,
ce temps correspond & 2 ou 3 péricdes ; cecl oblige A manipaler  au
départ des activités de l'ordre gu curie,

LES RISQUES D'IRRADIATIONS LIES AUX CPERATIONS,

Le carbone-:1 est produit par réaction qu(p: a) 1}'C, a l'aide
a'un cyclotron, il est présenté sous forme de 1ICCp_.

Ltincorporation du carbone-1! dans une molécule organigue s'ef-
fectue par un marcuage intermédiaire d'ure des trois molécules sui-
vantes appelées précurseurs : formaldéhyde, iodure de méthyle et acide
cyanhydrigue, Dés 1'étape du marguage du précurseur, la Source radia-
active qui était produite sous forme gazeuse se retrouve sous forme
liquide. L'activité est alors de l'ordre d'une fraction de curie
recueillie dans un wvolume de piusieurs certaines de pl contena dans
des tiobes en pyrex de forme cylindrocanique de t & 2,5 ml. Les cpéd-
rations sont effectudes 3 1l'intérieur d'une hotte blindée mais neécesz-
sitent des interventions manuelles en certaines des dtapes. Il est
nécessaire de saisiyr 3 la main les tupes de réaction afin d'effectuer
1taddition de réactifs, le prélivenent de fractlions adéguates a
L'évaporation de solwvant. Le temps total de préhension du tube ast
inférieur 4 1 mn. Une irradiation est également entrainde par Zes
opérations de ringages de l'appareillage, de preélévements et d'addi-
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tion de réactifs perdant lesquelles len doights des opérateurs sont
placés a 5 gm ecoviron de la source pendant an temps de 1l'ordre de

! mr. Enfin, des opérations de chrematographie nécessitent, une injec
tion & l'aide d'une seringue. Les doigts sont alors aa centact de la
seringue pendant guelques dizalnes de secondes.

TAa DOSIMETRTE DES MANTIPULATIONS,

11 est évident o nvicri (que le film dosimdtre traditionnellement
Lorté au poignet n'est pas représentalif de Yirrvadiation subie au
cours de ces opperations, qui iatervient surtout au bout des doighs.
Pour préciser cette irvadiation, ncus utilisons des dosimétres thermo-
luminescents constitués de plaguettes de téflen chargé de fluorure de
litnium dont les caraciéristigques so ires sont les suivantes :
- Epaisseur : 00,4 mm, longueur : 2 ; Jargeur : 4,5 mm.
- proportions en masse : 40 % fluorure de lithicm et 80 % Léflon.
= enveloppe en polyothyléne de 7 mg/nmz.
Iis sont étalaonnés avec le rayonnemer ait-60 ; leur réponse
relative 4 la dose absnrbde dans les tisnus mous, en fonction de

1'énergie des photons de 10 keV 4 1,3 MeV, est satisfaisante puisgu'ils
ne présentent gutune hypersspsibilitg de Y'ordre de 13 % 4 15 kevy.

Ln revanche, lear réponse pour le rayorremaent. 8 est inconnue. afin de
juger la validité des mesures Ge la dose absorbdée au niveau des docigty
des mesures couparatives ort été effecbudes & 1'aide de dosinétres
thermoluminescents d'une part, de stylodosimétres d'auire part. Les
styledosimétres utilisds sont du type SFQ.6 ot 3EQ./ dont les parois
ont das épaisscurs respectives de 300 mg/fem? et 7 me/cam?. Placds &
une distance de 10 cm de la source, nous estimens gqu'ils permettent
dleffectuer une mesure correcte de la dase aksorkdée due aux photons

et aux 3 scus les épaisseurs Indigué Far ailleurs, la comparaison
entre les réponses do stylodosizdtres des deux types permet de ddier-
niner ies contributions respectives du rayoncement 3, ddgradd par le
passage 4 travers la parol des récipients el des photons d'annihila-
tion. lLa comparalson entre la réponse des stylodosimétres SEQ.7 ok

des dosimdires thermolurninescents permet, d'autre part, d'effectusr
ltétalonnage de ces derniers par le rayonnemeni mixte f et ¥ cn cauase,

Les résultats expérimentaux sont les suivanbts =
. pour les rayounencnts en cause, lia tesure de la dose abmorbae, sous
7 mg/cm? A4 1'alde des dosimétres therncluminescents, est correcte
a 20 & prés ;
la contribution du rayonnemert 3 4 la dose absorbée sous 7 :ng/crﬂ2
n'est que de l'ordre de 30 % de celle duce aux phokons. Cecl 5'expli-
que par l'atténuation de ce rayonnement 3 dans la paroil du récipien';
. le débit de dssc sous 7 mq/cm2 au centack des récipients est de
l'ordre de 3 rad/h pour une activité de 1 mCi de carbone-11. Il est
clair que des valcurs vxtrémement différentes seraient abtenues, pour
une mépe activitd de carbone-i1, en cas d'utilisation de récipients
de taille ct d'épaisscur de paraois différentes.

IRRADIATION DU IWREONWEL.

Le delit de dose au contact dos tubes de réaction est done de
1'ardre de 1000 rad/hL au début des cpdrullons. Une dosimétrie systé-
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matiguae des extrémiids st effectude 3 1l'aide des dosimétres thermo-—
luminescents décrits plus haut. Ceux-cil sont ¢cpllés sur les parties
des dolgts enkrant cn contact aveo les récipients contenant Tes
solutions radicactives. Les mesures de routine se limitent 4 1'extré-
micéd de 1'index drciz. L'activité mise en jsu pour les opérations de
rarquage esc de l'ordre de 200 & 3CC a0l au débul des opérations et

de 20 mCi 4 lsur ach2vement ; la dose abscorbée est en moyenne 3e

1,5 homme-rem pav manipulaticn 4 1'extrémité des dolgts. Les opérations
sn rapétart avec une fréquence de 1% par mols, 1'irradiation suble par
les AgenLs concernés auralt atteirnt la limite maximale annuelle de

60 rem en une dizaine de melis environ,

Cebte situaticn a rendu nécessaire la mise au point dlune mcétho-
de de préparaticn limitant ie plus possible les interventionsg manuclles.
L'antomalisaticn des opdrations de routine, gui sent as nombre de 8
par semaine enviren, limite L'irradiation du personnel a4 1'étape de
sovtie de la melécule margudée purifiéde dans la seringue utilisée pour
l'injection. Glaobaleraent, olilc a permis de réduive la dose collective
de moitid alors que L'activitd manipulée dralt doublde. Orn peout donc
considérer qgue leos opérations de marquage des meldcules utilisees
pour ile diagneostic sont mainicnant exécutées dans Jdes conditions de
racicoroteciion satisfaisantes. La vigilance demeure grande toutefois
pour Les operations de mise au point qui,eltles ne peavent pas Etre
automatisaes,

THRADTATIONS DES ZXTREMITES ET RECOMMANDATIONS JE LA CIPR.

Une compardison a 6L offectuce entre les résuliats fournis
par le dosingétre "bout de dolgt" et ceox chtenus a partir d'un dosi-
métre thermoluminoscent an tlucrure de lithiom pur frittd placé dans
le chaton d'une bagus portde 4 la Z2éme

phalange de 1'index droit, le
chaton ¢tant tourng vers l'intéricur de la main. = travall a montré
que, pour le type de manipulation cornsidcéré, le rapport entre ces
résultats était raiscnnaklemert constant st £gal a 2,5 4+ 0,%. Ltant
donné les gros avantages pratigues présentés par le 28me type de dosi-
TELYe par rapport a2u premier, il a été Jécidé de 1'adeooter pour e
contrdle de rcoutine. Ta valeur de la dosc absorbée aux extrénités
est calculée en multipliant Ta valeur mesurde par le dosimétre pague
par le goafficient 2,>. Nous reterons ainsi, opour la comptabilité indi-
viduelle des deses, la dosc abscrnhde nmaxioale au point de contact des
doigrs avee les sources radicactives. La surface de la peau concerndée
eat de l'ordre de 1 cm? 4 1'lextrémité du pouce, de L'index et du
majenr de chacune dess mains.

Cetrte attitudes a &té guidée & 1'dépogue par le scuci de respecter
les recommandaticrs punliees par la C.ILP.R. en 1965. La puhblication
9, en effet, précise dans son paragraphe 28 gque : "... on cas d'irra-
Giation externe de la peau, 1 particulier guand la distence a la
zource st trés Faible cu quand le surface irradide est +ris petite,
il ne =erait pas Judicieux d'effectuer la zoyenne de la dose regue
sur la peau entiére. I1 est recommandd d'effeoctucrs unce moyenne sur
unc surface de un cencimétre carré dang la réglen recovant L'irra-
dietion la plus impertarte®,
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Ces recemmandations sont parfaitement claires et la precédure
dosizétrique qui viect 4'@tre daxrite les sult rigourevsencent. La ol le
bat blesse, c'est qu'en 1977, la CIPR a pukliée deo acuvelles rogcmmar-—
daticnz, faizant l'ocbjet de la tris céléhre publication 26 et présen-
Tées gomme une nouvelle philosophlie de la radioprotecticn, dans les-
quelles ce probléme de l'irradiation exterrne particlle de la peau
a'est pas abordé de fagon auvssi claire et précise.

1 faut insisteor sur le fait que ce probléne des irrvadiaticns
des extrémités n'est pas un probléne académigue mals un cas bien riéol
correcspondant 4 la préoccupatiorn de nombreux praticiens de la radie-
protocticn. Une autre commuanication de notre Service {comruinicaticn
n® 1123) décrira les mesares effoctudes aveg d'autres radicnucléides
placés darns différents contencurs dont les résultacs vont dans le
mine Seng gque coux publ e

1
L

iei. On sait par aillieurs gue les agenis
manipulant manccllement des Gchantiilons d'uraniuwr sukissent des irvre-
diations importantes aux extrén

;o enfin, l'vrilisatior de produils
radiopharmacectigques dans les laboratoires médicaux et les milieux
fospitaliers tend 4 se répandre rapidement, entraTrant un acoroisse-
ment irportart da nombre d'operateursy

Tl est done fondamental pour la radioprotection de zes opéra-
tewrs gu'll soit rép

ndu de fagon auss! claire et pricise gque Dosgi-
Ble aux guostions sulvantes

- ou'ertend-on par "extrémive" 7
- 4 guel niveau doit étre effec

e la mesure 7

- guelle est ila surtace de tisse 4 considérer pour la détermi-
nation de la dose ?

- comrent cotbe doso dolt-ellie Stre comparée 4 la limite d'égui-
valent de dese ? Dans l'attente de la traduction dang les
raglemontaticns raticnales des recommardations de la soubli-
cation 2¢&, dolrt-on rotenlr comme valear limite L'éguivalent
de dose maximal admiszible au niveawn des extrémités ou ay

niveaz de ia peau étant donnd gque l'irradiation intéresse
4 peu prés toulcurs la néne surface Je tissa 2
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NUCLEAR MEDIGINE

From somewhat primitive beginnings some 30 years ago {using
open bench procedures and a spirit lamp to sterilise the airl} we
have progressed to air-conditioned radiopharmaceutical clean rooms
housing lamimar flow cabinets, at both branches of our hospital (3).
During early periods of low work-locad our chief concern was contami-
nation control, However, in the late 1960's our work-load increased
sharply; in 1969 a total activity of 630 GBq (l/ Ci) in a wide range
of radiopharmaceuticals was administered to some 3000 patients, The
accumulation of external dose by a small group of staff was then evi-
dent but still relatively small. The work-load has, however, con-
tinued to increase with the 1979 total of activity administered
exceeding 3 TBg (BO Ci} chiefly Te-9%m in warious forms, te some
10,000 patients for a wide range of diagnestic examinations, Exter-
nal dose accumulations by staff also continued to increase and by the
mid-1970's the annual collective dose-equivalent for our nuclear
medicine group {~v20 staff - medical, radiography and nursing} had
risen to some 40mSv.

In considering the problems of external dose, we note particu-
larly the gain resulting from the use of more sensitive equipment
{in reducing patient measurement time} and from attentien to tech-
niques of administration,

We have made detailed investigations into the control of dose
to the hands (4), (5), (6).

RESEARCH

We have given much attention to procedures involving I-125, and
have noted the problems reported elsewhere {7}. 1In one pathology
laboratory here some 20 members of staff are involved in labelling
technigues, using up to 74 MBq {2 mCi} in each procedure and over
11 GBq (300 mCi) per year. A Class B laboratory with hipgh grade
fume cupboard igs used for this work. Staff are instructed to self-
monitor, including the thyroid, by contamination meter, and counter-
check measurements are made periodically by Physics Staff usirg a
thin erystal Nal detector. Under these conditions during two years
we have only detected I-125 in about one third of these workers, at
levels generally of 370 - 740 Bq (10 - 20 nCi).

One traumatic experience with tritium deserves mention. In
spite of our centralised control on radionuclide acquisition, a mem-
ber of our staff acquired, by an unusuval method of requisition, an
aguepus solution of an organic compound supposedly labelled at high
specific activity with 92.5 GBq (2.5 €i} T and supposedly free of
labile tritium, In spite of our Instruction Manual, our loecal
rules, our B-laboratory facility and our safety officer, an open
bench evaporation of the soluticon was conducted. Later analysis
showed that wvirtually none of the tritium had ever been associated
with the compound. As a result of the evaporation procedure, the
taboratory and its equipment were substantially contaminated and
body burdens reached the ICRP investigation level in several staff.
The decontamination procedures were lengthy and the interruption of
important work programmes was Severe.
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STMMARY

By giving steady attention to the design of facilitics and the
arrangement of procedures, and wirth an active persounsl monitoring
policy, relatively large scale radiation commitments within medical
and research organisations can proceed with individual whole-body
doses to staff being held well below 13mSv/annum. Such control
generally relies heavily on the experience of a small group of staff
within the organisation, who now face increased problematical
administrative commitments [rom secent legislation.

In spite of detailed attention to control of radiation work,
traumatic radiatiop incidents may still occur.
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CVALUATION DES D0SES INDIVIDUELLES ET COLLLEOTIVES RESULTANT
NE REJETS EN RIVIERE

Henri Fabre, Jucques le Grand et André fouville

Institut de Protection et de S{reté Nucléaire, Départenent
de Protection, Conmissariat 3 l'fnergic Atomique, (entre
d'Etudes Nucialres BP n® 6, F 92260 FONTENAY AUX ROSES

Une ¢évaluation des doses individuelles et collectives
résultant de rejets en riviére 34 partir d'une 1imstalliaticen
situfe sur le Rhéne, 8 120 km de son embcuchure cn Méditer-
rante, a 6té cffectuée. Les Tésultats sont présentés pour
Co~H1, Sr-00, Ru-106 ct {{s-i37 pcur lesquels on suppose un
rejet de 1 3q s”' pendant un an. Les voics de transfert &t
difées sont
- l'ingestion d'eau de beisson,

- 1Tingestion de poissons,

- 1'ingestion de produits alimentalres contaminés
gatien 4 partir de l'cau du fleuve,

- l'irradiaticn externe & partir des sédiments situés sur

le 1Tit du fleuve et sur ses oCcrycs.

paEr o 1rri-

I - DISPERSION PHYSIQUE DANS LE FLEUVE

La dispersion dans le [lecuve a 8t6 estimée 4 1'aide du
medéle semi-empirique de SCHAERFER {1}. Les expressions ma-
thiémuat igues correspondant au modéle sont préscntéces parall-
leurs {27 pour diverses situations. Nous nous contcnterons
ici e donner les pringipales hyptohéses et de définir les
paramétres utilisés.

1-1. Conccntration dans 1'eau

Le modéle supposc la dilution instantanée de lTelflu-
ert dans tout le déhit g du fleuve ct une décroissance ex-
sonenticlic de la concentration de l'eau en foncticen de la
distance du point de rejet. La constante de Jécrolssance x
est donnée par k = k'+ N/w ol k' représente I'effct des mé-
canismes dTappauvrisscements physiques, c¢himiques, ocu physi-
co-chimigues, % la constante de dfécroissance radiocactive et
w la vitesse de l'eau du fleuve. La concentration de 1'eau
se compose de l'activité cn phase soluble et de l'activité
retenue sur les matidéres con suspension présentes dans 1'cau.
Ces deoux quantit@s sont reliées entre elles par le coeflfi-
cient de distribution Kjen eau douce de 1'¢lément ¢onsidé-
¢ et dépendant de la massc de matiéres cn suspension par uni-
té de volume d'euu.

1-1. Concentration dans les sédiments

Les sédiments non conscliddés sc comportent comme un

fluide et "s'é€c¢oulent™ sous ' influchnce de la gravité ct
de la force tractrice gu'exerce 1'cau sur la couche super-
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ficielle. On considére unc vitessc moyenne v de déplacement
d'une couche d'unce trentaine de centimbtres d'épaisscur sur
la largeur L du fleuve.

1-3. Détermination des valeurs des paramétres

Le nmodéle présenté ci-dessus a &té appliqué au cas du
Rhdre pour une installation situfe & 120 km de scn embou-
chiure cn Méditerranéce. Comme les caractéristiques physigques
du fleuve varlent le long de ce trajer de 120 km, 11 a &té
procédé 3 urn découpage cn trois trongens sur iesduels an
suppose gque les naram@tres utilisés ont des valeurs constan-
tes. Les valeurs scont présentfes & la partie a) du tahleau
1, tandis cuc la partie %) donne les valcurs retenues de pa-
ramétres qui sont caractéristiques du radionucléide consi-
déré mais gue 1'on admet 2tre indépendants du trongon de
{lteuve Etudié.

Les valeurs adceptées résujtent de mesurcs directes
pour tous les parunétres d l'excepticn de deux d'entre eux,
gui sont la vitesse de déplaccment des sédiments et le coef-
ficient de fixation k'. Les valeurs de ces deux paramétres
ont €té obtcnucs par la recherche du meilleur accord entre
ies concentrations calculfes et les concentrations mesurfes
pour quatrce points de fleuve, situés 3 enviyon 10, 23, 35
et 65 km en aval du point de rejet, et pour six années (de
1974 3 1979 inclus). le takleau 2 présente, dans le cas de
Cs-137, les rapports des concentrations calculées 34 1'aide
des valeurs des paramdtres indigquées au tableau T aux cen-
centrations mesurfes. Yn ben accord pgénéral peut &tre cens-
taté bien que ces résultats alent &té obtenus & l'aide
drapnroximations gressiéres. [n cffet, le moddie calcule
des valeurs moyvennes sur 1'année et il n'est pas du tout
certain que les mesurcs, effectuées trimestrieilement ou
avec une péricdicitf »lus longue, solent représentatives
de ces valeurs moyennes on raison des variations impartantes
du déhit du {leuve. Par ailleurs, lcs points auxauels les
concentrations sont calculées ne correspondent pas toujours
de maniére précisc aux v»oints ol les préiévements ont &té
faits.

2 -~ EVALUATION DES DCSES INDIVIDUELLES [T COLLECTIVES

Le modéle de dispersion phvsique décrit ci-dessus sert
de point de départ & 1'évailuation des doses correspeondant
aux voies de transfert retenucs. La méthodologie utilisée
pour €tudier ces voies de transfert, est exposée en détail
par ailleurs (2), a 6té appligquée 4 des rcjets dans le
fleuve de Co-60, Sr-9, Ru-106 et €s-137 au taux unitaire
de 1 Bg s-! pendant un an.

LLes tableaux 3 et 4 montrent les rtésultats des évalua-
ticns des engagements d'équivalent de deose effectif indivi-
Cuel et collectif. La comparaison deos résultats relatifs aux
diverses voies de transfecrt mantre que, avec les hypothnéses
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utilisées, 1'ingestion de l1€gumes verts comduit aux doses
collectives les plus €levées tandis que ¢’est l'irradiation
externe qui est en génfral la veie de transfert ia plus im-
portante sur le plan des deses individuelles,

Ces résultats ne peuvent pas €tre pénéralisés 3 tous
les fleuves ni 4 l'ensemble des radionucléides car ils dé-
pendent de manidére étroite de nombreux paranétres parni les-
guels figurent 1'utilisation des caux ct des sédiments du
fleuve ainsi yue le mode de vie des populations exposdes.

TABLEAU 1 - Valeurs retenues des paranétres utilisés dans
le modéle de dispersion

. 4) paramétres dependant des 5eLthIH du fleuve

; Section J{O 35 km} (35 B0 xmr - {(BD-120 km)é
Debit du {leuve | 1 _____ 5_- ) : _____ E
X ! 17

a4 (m3 s : 1540 i 700 } 1700

Vitesse de 1'cau : : ,

MM 078 ¢, 74 | 0,70 |

}“dtICTEGBﬂ 5uspcn51onI 4 10—5 5. 1p-5 } -5 ?

Nt a3 joa. | 4,510 5.0 i

| ! : .

Vitesse des sédiments | , R . g -1

z L0 : y3.10 - Z2,8.10
(n s~ 1) | R ]

! b} parametres -naependantb des secctions du fieuve

5 | Co-60 :  Sr-$¢ ' Ru-1¢6 | Cs-137 |

S j=mmTm T Formrmemees T /e E

|Constante . _g 1o g 1g i

radioactive1 3,05.107° 17,78,107 Y ¢ o2,1701070  7,29.0107

Nois™h) :

: ) [ [

}Coeff1c1entt i

!de distri- . : . o N -

ution Kd [ 30 006 | 2 200 | 57 000 27 000 :

(tme | : ; i

ICOCffLCICnt -3 ! o -a _;\j

lde £} atlont I TSR O 110 11077

et : | :

—

Tablean 2 - Rapports des cencentrations calculées aux con-
centrations mesurées de Cs~137 dans les sédiments pour plu-
sieurs annfes et plusieurs points en aval du point de rejet

Annde [Distqnue en aval du point de rejet (km) !
_____________________ S 1 U DI I~ SOOI -t S
1974 - LD 1,01 E
| 1975 1,3 : 2,2 1,3 1 3,1 :
: 1976 S S S I A 1.3
i 1977 ; 0,3 ‘ 0,9 1,6 €,1
[ 1978 0,5 11, 0,7 b 2,2 |
| 1979 |03 | 0,3 0,4 1 2,6 ;




Tableau 3 - Engagements d'8quivalent de dose effectif col-

lectif {homme Sv

dant un an

)

correspondant & un rejet de 1

i

By 5= 1 pen-

[npgigerment d'équivalent de c¢ose effectit

i - -
! . PR _collectif (homme Sv) :
- Radionucléide Fau de o Irrigation de:Irradtation
Z . IFurss0lt - X i
: hoisson | 1cgumes verts: externc |
e It Sl B et z
Lo-60 1107 ‘ 6.10:§ 4.107, I L
Sr-90 4.1075 1 2.100 3,107, 0 1y
' Ru-106 3,107, 1 4.107 10 §.10 .
| Cs-137 §.107° 5 1.10 8.10 1.1077
|

Tableuu 4 - Engagements d'équivalent de dose effectif au
proupe critique {Sv)} correspondant & un rejet de 1 Bg s5°
pendant un an

_| 1

Engagement d'eéquivalent de dese

: . - : effectif {Sv}

; Radionucitide \—grr—g | peisson.ifrigation deilrradiation

] l boissen: %légumcs verts: externe

I S B i I"“"‘i“"

} Co-60 ‘ 2.107331 8.107138 5107 1 2.107 10
Sr-90 8.10°, 5] 2.100,51 3,107, 0 i3
Ru-106 5.167,5] 6.102,71  1.10043 9.10743
Cs-137 ‘ 2,18 [ 2.10 S I T 1.10
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RESUME

A partir 4'informations statistiques sur les productions,
transformations et €changes, des modiles sont construits en vae
d'établir les relations entre la contamination initiale des produits
et celle des aliments consamés, et d'évaluer les doses collectives
et leur répartition dans diverses hypothéses de contamination du
riilieu ambiant.

INTRODUCTION

La prévisicn des contaminations noterntielles des mrodults
livrés & la consammation humaine, en cas de rejets normaux cu acci-
dentels dans le milieu ambiant, est 1°'un dez Elf&ments d'évaluation
des doses collectives et individuelles. Connaltre le cheminement
et la dostination des produits afin d'établir les schémas de répar-
titicn des doses résultart de conraminations éventuelles plus oun
moing intenses et Gtendues n'est mas chose aisée, ainsi quon l'a
précédemment exposé 3 propos des cas du lait de conscrmacion (1} ot
des céréales 2} L_3] . Bux nroblémes de méthodologie générale
s'ajoutent ceux particuliers 3 chacue catégorie de produits. Les
résultats trés bri@vement nrésentés ici concernent les nroduits
de ia mer et les produits laitiers.

PRODUITS DE 1A MER [4) :

On a rassemplé les informations concernant les zones de péche,
les guantités péch&es en chacune d'elles mar les nécheurs frangais,
la destination des rrises, les agents intervenant dans ia production
et la distributicr des produits de la mer. Une étude des transnoris
et des échanges extérieurs a complété la précédente.

In modéle d'échanges a &té &8tabli sur ces pases, tant pour les
praduits consommés en frails que pour les conserves et surqgelés, Il
rermet de connaitre l'origine, selon les zones de péche, des
quantités { péchfes ou importées ) disponibles pour la corscrmation
dans les différentes régions frarngaises. Il permet également
d'estimer les consammations ( totales et moyennes individuelles )
par régions ( oxemple tableau 1 ).



TABLEAU 1. Produits de la mer - Estimation des consammations dars une
région donnée, en I976 : a/ par région, en tcnnes, b/ par rersonne,
en kg

Polsscn frais Crustacés, Corngerves de  Surgelés,
sale, fumé coquillages noisson congelés

Reglons &y @ ® @ & @
1. NORD 17925 4,34 10343 2,62 10T 2,53 94 1
2.PICARDIE 8845 5,22 3139 2,04 4459 2,63 1768 1,04
3.REGICN PAR.38070 5,83 49324 4,85 32@81 3,31 13070 1,31
4 .CENTRZ 11320 5,22 4426 2,04 5707 2,63 2263 1,04
5.HAUTE NOR. 8412 5,22 3289 2,04 4241 2,63 1682 1,™
6.BAS.NORM. 6873 5,22 2688 2,04 3465 2,63 1374 1,04
7.BRETAGSE 17854 6,82 20472 7,82 7225 2,76 2862 1 04
8.L0OIRE 19043 6,82 21829 7,82 7708 2,76 3083 1 CY
S.POITOU 105G3 6,82 12043 7,82 4251 2,76 1684 .09
10.LIMDUSIN 3605 4,82 2019 2,10 1787 2,35 09 1,098
11.AQUITATNE 12330 4,82 6350 2,70 6154 2,39 2438 .9
12.MIDI PYR. 11lm12 4,82 6169 2,70 5461 2,39 2167 1,8
13 . CHRMPAE 040 B, 22 2759 2,04 3554 2,63 1407 1,04
14 .LORRATNE 7030 3,25 3027 1,29 5492 2,77 2572 1,1
15.ALSACE 4992 3,25 1378 1,29 4246 2,77 168 1,1
16.FR.COMTE 3478 3,25 1381 1,29 2965 2,77 1177 1,1
17, BOURDQE 8287 5,22 3240 2,04 4178 2,63 1677 1,04
18 UVERGNE 4408 3,28 I829 1,36 3633 2,70 14:7 1,1
19. RHOWNE 15856 3,28 6584 1,36 13063 2,70 S¥H. 1,1
20.LANGUEDOC 10932 6,06 5274 2,92 5596 3,32 237 1,3
21.COTE D'AZ. 22475 6,06 10829 2,92 12325 3,32 4882 1,3

TOTAL 270550 179912 149498 59448

MITENNE 5,11 3,39 2,84 1,42

Ce modéle d'échanges susceptible d'étre généfralisé au niveau
euronéen avec les données adfquates permet d'établir la relation
entre les niveaux de contamination des zones de oiche et les niveaux
de contamination au stade de la consamation en différentes régions.

Cn peut en d&luire les activités ingérées. La figqure 1 donne,
par exemple, l'activité ingérée par t8te en trois régicns { Bretagne,
Rigion Parisienne, Pyr&nées } en fonction de répartitions hypothé-
tiques dans les zones de piche d'ure contamination de 1l'eau de mer
nar le césium 137, Les zones concerndes sont, d'une part, l'en~
semble Mer du Nord, Manche Est et Ouest et Canal de Bristol, d'autre
part, la Mer d'Irlande, les niveaux dans les autres zones, irspirés
de résultats d'cbservations, demeurant faibhles et inchangés. Les
différences de consamation dans les diverses régions ne suffisent
mas 3 expliquer les différences qul sont constatées entre les
activités innérdes, Le choix des lieux de péche et les carac—
téristiques de la distributicn interviennent aussi de maniére sen-
sible.
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Fig.1: Aotivité ingérée par tdte en fonction de la contamination des zones de péche (137¢s)



PRODUITS LAITIERS  |5] :

On a recueilli a 1l'échelle eurcopéerne et pour plusieurs ammées
consécutives les dornées concernant la production, la oollecte et
la structure de distribution. Des regroupements de produits ont £té
irposés tant par le nombre et la variété des nrodults que nar le but
de 1'&tude : l'accent a &té mis sur l'utilisation du lait de chacue
ré&gicn ou pays en tant que produit frais, produit transfomé, ou
produit ron destingé 3 l'alimentation humaine. Les disparités obser-
viées eltre pays sont lmportantes. Airnst, pour le March& Cammun, et
pour les années 1373-I976, la proportion de lait entier collecté,
par rapport a la producticn, a été de 80% en royenme { 73 a 93,6%
selon les pays ), et son utilisation en produits frais a été de 25,7%
en moyenne { 11,7 3 65,7% selon les pays ), les ctilisations corres—
pondantes en beurre et framage ont €té respectivement de 44,9%
(12,6 3 63 ) et 22,2% { 5,B 4 51,2 }. Le lait &crémé obtenu est
surtout utilisé pour les conserves : 57,5% en moyenne { 26 4 78,5 ).
De samblables disparités sont cbservées au niveau de la consamation
des différents produits { ¢elle du lait varie en I576 de 7t ko/téte
a 206 kg/téte marmi les neuf mays de la Cammunauté Eurcpéerme ).

Ure analyse détaillée a permis d’estimer les échances entre les
régions frangaises et allemandes et les pays de la Corunauté Buro—
péennc et de comnaltre l'origine et les quantités de produits frais
consamés en chague région, Les tableaux d'échange mettent généra-
lement en &vidence la pr&dominance d'utilisaticn de la rroduction
régionale de cette catégorie de produits. Par contre, les &changes
sont importants pour les produits transformés { frovage et poudre )
ct ils concernent essentiellement les ré&gions fortement urbanisées.

L'effet Ges échanges sur les activitfs ingérées totales nar
an et par téte n'est donc pas ndgligeable. Tl est supérieur 3 10%
vour la moitié des régions d'EBurcpe dans 1'hypothése d'une conta-
mination 3 la production variant relativement pew { de l'ordre
d’un facteur 5 entre les extrémes ]. Mais dans 1'hynothése de con-
tamination trés &levée d'une région, le sché&ma de répartition des
activitfs ingérées par t8te est fortement influencé par la strac-
ture des é&changes.
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O THE CHARACTFRLZATION (OF RISK
Y. Tuzur

Licensing Division, Toe Israel Atomic Zpergy Commission, Tel-Aviwv,
Israel.

This paper analyses the concept of Risk, proposes a general
definition nf Risk in mathematical terms,and derives some practicable
ways to describe the risk adeguately for use in risk assessTents.

THE DEFINITION OF HISK

Thaere is pothing new in the concapt of Risk, though its
guantititive assasscent in connecticon with the use ot new technolopies
is quite recent., Correspondingly, quallitative definitions abound and
can be found in any dictivnary. Fowcver, there s ne accepted technical
detinition of Risk in the literature on the risk dssessment of
techoclogles {to be distinguished fronw its use in insurance). In facr,
one can recogniza in the literature a search for 4 technicallws
adequate definitien of the ferm. By "adequate' it Is meuant that the
delinition would bhe of a sufficiently general nature, anc that It
would be exact in Lhe mathematical sense, so0 that quanditative
practical description of the risk could be derived for aov case of
interest.

Nualitative deiinitlicens

Let us first exemine two qualitative definitions of Risk in
order to extract tae LUHLCWLU t1 eLemeuts of tha term. A dictienary {9)

SNTIOMANE LT

gr o doas. A modern
Lext on Ri@k wlth 4 strong ﬁHJLDanHlCa] hlan (7), gives the
19L1“1t!0ﬂ FioFs] vt ey N
; s sens. The sece u1 definition differs fromw Lhe firat
miln]v by Cxoll[Lr]v limiting the consideration to the results of an
event, the liwitation bkeinpg necossary Tor risk analysis of spercific
svstenms or accldents

From the d?ilﬂltlw? it iy secnt that risk bas three conceptual
alements: A event, 7 vy, and Fr 4 %, The
harmful conseduence can be an Imoediate result of the event, bue it
can follew a development of the cvent, which can be desceribed as a
chain af events (Flg. 1). For oxample, a pipe-hreak ia a water-coolad
nuclear Teactor can be fallowed by loss of coolant, damage to fuel
elements, contamination of the coolant, cscane of radiactivity,
irradiation of people and contamination of bBuildings, and {inally
by impatrment of the health ot a few of these people, loss af
propercy, and probably other Zamage asz well. The evenc that initiated
the accident can be unique, It could be an earthquake in cur example,
but the choice of the vvent whose risk we consider is arbitrary to a
large extent. We may choose the Initiating event, but also any of thae

defines

A

e ers she
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Figure l. The development of event £l, a schematic representation.

following or even preceding events, like the loss of coclant or
escape of rvadipactivity in our example, or the existence of a nuelear
powar plant, Similar arbitrariness exists in the choice of the
conequence, which, in the example, could be the final results, but
alse the irradiation and contamination, the escape of radiovactivity,
or even the pipe-breax, the last examples of a consequence shows that
thete is no inherent distinction between an event and a consequence.
An event can be regarded as fhe event in one analysis, and as a
consequence in another.

The probability of a conseguence is combined of the conditional
probability of the consequence piven that the event has happened, and
the preobability of the event. However, limiting the definition of
Risk to that of a specific event, it would be convenient to take the
conditional probability as the probability, bearing in mind that 1t
is conditional and depends on the event.

Technical definltions

In common usage, Fiak is thought of as the probability o an
urdesirable occurence (4), and this definition is taken for granted
in many discussions on the tisks of technologies (e.g. 6}. This
definition is adequate for ane-consequerce events, but fails in the
case of several-consequence events, Another common definition is thar
fisk i the product of the freguency {or probability per unit time}
of an evenit and the magnitude of its harm (10), Like the former, this
definition striectly applies only to one-consequence events, but it
also involves the idea of proportionality (i.e. that changing the
probability is equivalent to changing the magnitude by the same
factor), The risk is given as the expectation of the consequence,
and it can easily be generalized to events that can have many
consequences of different magnitudes but of the same kind, by defining
Fisk as the expeciqtion of the confequerce. This can be expressed in
many ways, like the probability per unit time of the occcurewce of a
unit zoat burden (8).

It is evidently easgy to farther generalize the definition of
Risk to a linear (weighted) comblnation of the expectations of
consequences of different kinds, but there remain two major cbjections
even to this definition., The first is an almost universal feeling that
the idea of proporticnality, on which any linear expectation definition
is based, is unacceptable {e.g. 5,7,10), For very frequent and
relatively minor events, which aeccur several times every vear,
the expectation of the consequence, preferably accompanied by a
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measure of its variabiliry like the standard deviation, is quite
satisfactory. This can apply to small industrial accidents, side-
effects of medical treatments and the like, from sccietal {bur not

the personal) point of view. In connection to the nuclear industry it
applies to small leaks and routine releases of radicactivity. However,
risk assessment of modern technologies is often concerned with major
accidents, and there , 1000 deaths with a probability of 1:1000 per
vear would not seem equivalent, to most pecple, to cne death every
year.

The second objection is that there are np accepted ways to
compare harms, injuries or damages of different kinds, like deaths and
illnesses, or ruin of property and ruin of archeclogical sites. The
last objection would hold against any attempt to characterize the risk
by one number, even a non-linear function of the consequences and
probabilities., It can be hoped that one day such a funection would be
agreed upon (5}, but attempts to establish one resulted in differing
and contradicting results {3,7}.

For these reasons Okrent (3) defined Fisk as probability and
congequence, meaning that the whole probability distribution function
is needed to characterize the risk. Indeed, norwithstanding any
formal definition, modern risk assessments pregented their risk
estimates as probability, or frequency distribution functions of rhe
magnitude of the comsequence (2,10}, as was originaly suggested by
Farmer (1}. This definition is still unsatisfactorv, A few variables
{e.g. deaths and illnesses), however useful, would not characterize
the risk completely. Two types of risk emerge to be relewvant,
individual or personal risk and societal or naticnal risk (2}, ard the
relationship between them is not clear. An even wmere general
definition is needed.

It is propcsed here to define the Atsk of an event as the
probability spoce on the espace of possifie harmiul ecowsequenczas (to
which the no-harm event has been added). The terms of this definition
1s taren from mathematical prebability thecry, appart from the term
harmful coneequence which replaces the rerm evex? in probability. The
definition, though abstraet and not directly usable for the description
of risk, puts at our disposal the conceptual and manipulatrional
mechanisms of probability theory.

THE REPRESENTATION OF RISK

One cutcome of the definition as a probability space is the
possibility te define random wvariables in it, that is numerial
functions on the space of consequences, The joipt probability
distribution, or density function (in the generalized function sense}
induced by the space on a set of any harm-measuring functions, shall
be called a repregentqaricn of the Risk. The above-mentioaned risk
assessments (2,10) presented estimates of some representations of the
risk they assessed.

In choosing a representation of the risk of an eveant, there are
two levels of freedom or arbitvariness. The first is in choosing the
space, that is in deciding what events should be regarded as the
conequences, The second is in choesing the representation or
representations, that is deciding on relevant and practical variables
that would characterize the consequences. In the example of nuclear
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reaactor accldents, one can choose the consegquence space of radiation-
doses and contamination, or the space of health effects and property
loss. In each space one can choose first the recepror of the risk to
be considered, and than the parameters that describe the consequence
from the viewpoint of that receptor. Two such viewpoints are the
individual and the societal, which lead to individual and socletal
representations, but there can be many other intermediate, viewpoints.
The risk to a Jocal vommunity or to an industrial company, fer
example, would lead to corresponding communal and company representa-
tions, However, since any individual Is also a eitizen of his country,
a member of his comunity and so0 on, a representation from one
viewpnint would not suffice for proper evaluation of the risk.

Calculating the probability distribution of a set of parameters,
it shoold be rTememhered that in any one possible vutcome of the cvent,
nany different consequences happen together. In the example of a
nuclear reactor accident, a certaln number of people would have
immediate radiation illnesses, others would develop late cancers,
et cetera (in health-effects space frem societal viewpoint): or a
certain person would receive different radiation-doses to each of his
organs (In radiatiov-dese space from the individual viewpoint). For
this reason the joint probability distribution is needed for
representation of the visk. Far proper evaluation of the risk in risk
assessments, this statistical interdependence of the parameters of a
represeatation should e descrihed at least by the correlation between
the paramcters,

The choice of meaningful representations and their description
should be onme of the main concerns of risk assessments.
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STOCHASTIC ANDY NON=STOASTTC TFTECTS oA POVOETTTIA] ANATYRTS
lucien . Karhutsen

Cormission of the Turoncan Dommunity , Brusscls |, Relobhige

Stochastic and nen-stochastic effects are delined on the hisis of
descriptive laws relating dose to the apnearance nf effects

Stochastic effects avmear randomlv in exposed nomulations and the
soverity of effocts does not denernd on dose exresure . The inciderce
of cffects increases with dose

i the other hand , non-stochastic effects are necessary and all
indlviduals are aftfected provided the dese cxnesure reaches a certain
threshold . The severitv of effects denends on dose . The hicher the
dose the rore ntensc the effect o Carcineronesis, ‘nerecascd mutation
rate , chromesoma? aharrations and conpenital arormalities renresent
stochastic effects . Aplastic anaenia , rvelofihrosis skin lesions,
nrocesses involwving the destruction and secaondary Fikrnsis of sneci-
-fic tissues or orpans renresent pon-stochastic effeocts .

The theory sugpests that the effects of ionsing radiat on can he
cvlassified in two scrparate and mutually exclosive classes | stochas-
-tic and non-stochastic effects . Tnoaddition it suppests thal there
are two types of cvents and two tvoes of dose-effect relationshin
which corveshond prima facie Lo two different nrocesses . "hesc two
distinet provesses are described by different natural laws as shown
by the nresence or a=serce of g threshold |, necessary vs nrebable of -

ve auantal outgome . The fermineloey underdines

-feets, quantitutive
a fundemental concentunl ¢iF%erence hetween those two nrocesses . ™
the first case the Tuw which desoribes them suemoscs a natural neces-
-sitv and in the second casce g probability Taw o The theorv suscests
that stochastic end non~stochastic offects remresent 2 nartition of
the class of cffects into two mutually exclusive subolesses

i

.
—5aYy ]

i1oe
-lations in nature . 1 a and b arc two cvents [ c.e. d,cxmasure tr
radiation or te a toxic apent and b,its effect Yeither o differs “rom
b, in which case a can hawnen in the absence of B, or the twe e-
-verts are a single and unigue event in whick case b necessarily Tol-
-lows o . In ather words if two events are hourd »v 2 lmw of necessi-
-tv the two cvents are identical .

let us suppesc that cvent a , swullewirg a lethal dose of notas-
-siur ¢vanide , occurs at time t. , and that event » he the death of
the nerson . As long as there is a time interval {ty refween
the two cvents , it is cossihle that the seccend cvent will not ocour
because of the roassihility of intercurrent events or interventions
{ the subject mav vomit or clse the rerlction of Mis 01 tract mav
slow down ahsornticn..) . Me can ohject that this exammle is nis--
-leading . Fvent a should e defired as the swallowine of cvanide and
its massape through the wall of the G 7 tract intc the hlood . Rut
this will not do either , since the suhject mirkt he receiving sorie

n
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sart of antddote . The onlv wav to estuhlish g pecessarv connection
hetweer a4 and B would he to include'cerchral death' in the definition
ef a ; awould he a lethel dose of cvanide which causes death so that
the dose-effect relationshin becomes necessarv . However a is now no
more distinet frem b oand the necessity whick binds outcome to exposu-
-re i3 definitional and no more enpirical or continmsent . This dis-
-gussicn illustrates a well-known princinle of logic @ necessitv is
of semantic nature . Yatura) luws descrihe repularities of nature

and never cxpross necessary connections but onlv contingent ones

On t

ﬂ*c t%r P?“LQ!: Tar— n”'gw “xbsta;—
: k i@ rlzgs of .:Fﬁw1is ?

't t}c TC"ﬁlPOlUL is carrect , the answer is ves . ®ut is it

correct 7

Actuslly stochastic and non-stochastic effects are not two Jif-
-ferert emnirical or biological processces but rather two wavs of
Looking at reality which means they rmainly differ in the conceptual
apnroach

In the casc of stechastic effects the exnesed porulation (rats,
cells, persons .. ) is defined by its exnosure and the ohserved out-
-comes are analvsed according to dese . A dese-responne or doze-per
seni cwrve 15 ohtained which is a qualitative relation Fctween dose
uand nercentage of respense . In the case of non-stochkastic cffects
the cxnosed population instead of heirg delined by exposure is defi-
-ned by outcome and one chtains a doze-sfiect relaotionskie . The out-
-zomg in the secord case 1s quantitative while in the first case |
nercent of Tesponse is.guantal or gqualitative . Padiodermatitis can
ke described as a guantitative cifect of tonising radiation and in
this case it represents a non-stochastic effect . 1€ on the otrer
hand one considers the dose-response of a population of skin cells
1t 15 mossible to describe the radiodermatitis as a stochastic effect
with the recruitment of an increasing rnusher of cells with increasing
radiaticn dose .

High thresholds are needed to produce so-called non-stochastic
effects since a certain norcent of response is needed to ohtain a
vhenomenclogical , t.c. clinical , skin eryvthema, a cataract or a
tissue fihrosis .

Cenclusion

1. Tt is argued that stochastic and non-stochastic effeocts are
not carplementary 1. e. that thev de not represent a partition of
the class of radiation effects .

Z, Stochastic ard non-stochastic cffects represent different
ways of describing outcomes and the "non-stochastic' or nccessary
character of some efflects 1s of semantic nature .
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RISK ESTIMATES OF STOCHASTIC EFFECTS DUE TO EXPOSURE TO RADIATION -
A STOCHASTIC HARM INDEX

Yitzhak G. Gonen

Nuciear Research Centre - Negev, lisrael

. The ICRP system of dose limitations for radiation workers is
based on the following requirement: The arobability for the Induc-
tion of fatal malignancies due to exposure to radiation should be
limited to a rate not exceeding the ovccupational fatallity rates in
industries generally recognised as ssfe, i.c., to a rate less than
1074 cases per year, per persun . Exposures to small "eritical'' groups
of the population are limited by the use of & similar asproach with a
limiting risk rate lower than the abave by an order of magnitude or
moere.

This risk rate is generally comparable ia Western socielies with
the risk of Trnmediate death from any of the following causes:
accidental drowning, poisoning, death in an air-crash ar electrocution
and is lower than the societal risk of being murdered. Exposures of
the population at large should be evaluated by risk benefit analysis,
attributing a proper monmetary valus to a man-rem ($1000 in the U.S.)
or - indirectly - to a statistical Tife.

It is impartant to emphasise that these upper linits of risk
levels for late effects {assumed te he socially accestable) arc
cstablished by corparison and adogtion of actual imricdiate death rates
experienced and passively accepted oy Western societies from
comparable causes.

Truly, the validity of the 1inkirg working assumption between
the exposures and their late effects, the linear dosc-effect relation-
ship for Tow Tevel low rate exposurcs s more and more guestioned.
hccording to the generally evolving opinion the nodel overestimates
the e¢ffects for the considercd range of exposures, but this matter is
heyord our consideration here.

The significant difference between immediate and late fotality is
noted in ICRP Publication 26, but is not explared there in detail.
Unfortunately in many presentations and evaluations no differentiation
is made between the two.

Il. As every living creature is bound to die, the only open question
in this respect is the timing, i.e. the age at which the death occurs -
in other words, the 1ife span or life expectation. The effects of
exposure to low level radiation on the survival probability and 1ife
expectation have been investigated, using the LDER assumption, the
risk rate per man-rem adepted by the |CRP and the competing risk
technique,

The 1977 vital statistics of Jewish males in lsrael have been
used as baseline, mainly the data on normalized survival probability
and 1ife expectation as functions of age., On these data, assumec
effects of exposure have been superposed and the net differences cal-
culated., The late effects of exposure have been assumed to be 10-4
deaths/-an-rem ina ffat distribution between 2.9 to 27.5 years
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after the exposure, i.e. 4x10-6 deaths/man-rem,yr during the period in
which a given dose burden is considered as effective. It was further
assumed that the effects of an effective daose burden are lost with
death, including thase fram conpeling causes. In the mathematical
treatment the accumulated effective dose burdem carried over from one
to the next period has been reduced in proportion te the survival
probability at the given age. For the purpose of calculations single
exposures of 10 rem at different ages and annual exposures of 5 rem/yr
and 0.5 rem/yr from age 20 to 65 have been taken as examples.

Fig. 1 shows the base data, i.e., the mortality rate and the
additional life expectancy for umexposed persons as a function of age,
for Jewish males in Israel, Tn 1977.

Fig. 2 shows the number of excess deaths resulting from single
expusures of 10 rem of 104 persons as function of age and the age at
exposure under the guoted assumptions.

Fig. 3 shows the loss of life expectancy due to a single expo-
sure (in days per man-rem) as a function of age at exposure.

The following conclusions were reached:

(a} The detrimental effects of exposure are proportional to the
assumed risk rate and the exposure;

{b) The number of excess fatalities over unexposed population is
calculated to be less at any time than the integral dose (man-rems)
times the risk factor. The maximal excess occurs 18-25 yrs after the
exposure and its value decreases sharply with the age at exposure {from
~ 0.95x10-% excess dead/man-rem for exposure at 18 to~0. 42100 3¢ 60).

{c) The loss of life expectancy per unit exposure varies even
more strongly with the age at exposure from approx. 1.2 days/man-rem
at 1B to about Q.16 days/man-rem at 60.

{d) The initial life expectancy of the {sraeli male ( 72 yrs.)
is higher than of males in many other countries. The detriments of
exposure for populations with lower life expectancy are swaller than
the quoted values.

{e} Calculations for exposures of constant rates (18-65} within
the MPD showed that the maximum number of excess fatalities occurs at
the age of 65 and its value is approximately 0.6x104 /man-rem, while
the averaged loss of 1life expectancy due to exposure is about Q.55
days/man-rem.

The presently available details of the vita! statistics in lsrael
are not sufficientiy accurate to verify such small differences. Many
probably important factors, as will be noted in the following, are
missing and are not available for correlations. These factors are
relevant also to epidemiological studies of the late effects of other
potentially harmful agents.

11, 1t was found that mortality among the employees of the 1AEC was
significantly lower {by approx. 40> 50%) than the statistically
expected value accarding to their age distribution and the correspon-
ding death rates in lIsrael. Possibly several factors contribute to
this, including:

{a) The high level of occupational safety maintained within !AEC,

{b} The exceptional medical care given to the employzes.

{c} Employee selection procedures including preemployment health
examination,

{(d} Some cases of early retirement due to failing health.
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{e} The somewhat different cultural, social and ethric structure
of the group from the average of the Israeli society.

{f} The higher than average income of the group resulting in
generally above average living standards and conditions.

The exploration of such factors could provide valuable insights.

Calculation shows that even a marginal reduction of tne natural
death rates among radiation workers is sufficient to batance the
assumed harmful stochastic effects of low level expasures. Fig. &4
shows the required reduction of death rate to balance such effects due
to contiminus exposure at a rate of 1 rem/year. For a typical age
distribution of workers less than 1 lifesaving per 104 workers per
year is the breakeven value. According to the available crude informa-
tion probably more than this is achieved,

if we attribute a modest 10 percent of the previously mentioned
reduction of the natural death rates among the {tAEC employees to the
instant availability of redical aid and to the existence of particutar
medical care which includes periodic medical and laboratory examina-
tions {general and bioassays}, early detection and treatment of health
irregularities and diseases, we find that this service compensates
several-fold for any possible harm from exposure to ionizing radiation

Similar statement can be made with regard to the effects of
maintaining high-level occupational safety, although here the gain is
probabiy smatller.

A corresponding phenomencn can be revealed from vital statistics
data for the past three decades in lsrael., There was a significant
impravement in the medicat care, partly due teo the developments in the
medical science and profession and partiy due to organizational
improvements. These Improvements have hbeen accormpanied by a corres-
ponding decrease in the death rates and increase of life expectancy.
tn paraliel the relative and absotute incidence af malignant neoplasms
increased, mainly on the account of more easily curable diseases.

IV. in this context it is worthwhile to note that as malignant
cancers are the cause of ~20% of the deaths, every life saved from
death due to other causes will generate in the future -0.2 additiconal
cancer deaths., {f studied detached from other data of vital statis-
tics, every improvement in the general health care will virtuatly
worsen the cancer statistics. f the excess cancer ¢ases are attribu-
ted to radiation effects, then, using the ICRP assumptions, every life
saved could imply the stochastic effects of .- 2000 man-rems. tf the
establishment of a nuclear installation is accompanied by [mproved
material well-heing of the neighbouring population, leading among
other changes to better medical care and the resulting changes in
causes of death, this could falsely imply the existence of stochastic
radiation effects from very low Tevel exposures or exaggerate their
magnitude.

CONCLUS{ONS

t. The realistic late effects of exposure to radiation are generaliy
less than calculated by multipiying the collective dose by the risk
factor. The effects are strongly age-dependent, decreasing sharply
with the age at a single exposure and with the starting age of
continuous exposure. A good estimate of the assumed harm is an age-
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dependent function of expected life shortening per unit exposure, The
vatues of this function may range from 1.25 to 0.15 days/man-rem.

I1t. A possibility to account for this age dependent effect in
radfation protection could be the use of a stochastic harm index,
defined as the product of the effective dose equivalent index and a
weighing factor derived from the above function. This weighing factor
can be elther an age dependent normalizing factoer or the estimated
lost life expectancy in terms of days/rem. In the second case the new
index has the dimensions of time. Such a magnitude is easy to compre=
hend, to intecrate over vears or populations and easy to use in
comparative studies of different risks.

It{. The assumed harm due to exposure to radiation can be more than
balanced by improvements in medical care, industrial and home safety,
increase in the standard of living, etc. The assessment of the health
and safety of exposed populations (for example, radiation workers)
should be based on total balances and not on the segregated explora-
tion and use of single factors.

I¥. Cancer-statistics detached from the general wvital statistics is
misleading when used for the establishment of risk factors for
exposure on epidemiological basis. The accuracy and the information
recorded in vital statistics should be improved to allow its proper
use in the epidemiological evaluations of stochastic effects of
radiation or ather agents.

¥, Medical follow-up of exposed populations Is intrinsically
accompanied by improved medical care and affects the results in the
direction of a decreased mortality but an increased cancer incidence,
These effects should te accounted for.

(j Death rate & life exp. (:) Excess dead/10° man-rem

{a} Exposure at 28
{b} Exposure at 48

i0
{a)
5.
{b)
20 4o 60 Age 20 o &Y T Age
(:)Loss of life exp. (:)Required reduction of D.R. (%)
days/man-rem to balance exp. of 1 Rem/fyr.
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1.0 | K - [
[ / N
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MEDICAL IRRADIATION AND THE USE OF THE “EFFECTIVE DOSE EQUIVALENT"
CONCEPT

Bertil R.R, Persson
Radiation Physics [epartment, Lasarettet, 5-221 85 LUND, Sweden.

The Effective Dose Equivalent Concept defined by the ICRP {5,6)
considers the total risk from occupational irradiation including both
hereditary and somatic effects. In the field of medical irradiation
there is a traditicn to report the genetically sigrificant cose equi-
valent as an index of harm to the popufation to this type of irradia-
tion atthough it only inciudes the geretical effects.

This paper will deal with the definitign of a similar concept
for somatic effects which added toc the G50 will hetter approach an in-
dex of total harm to the population from medical irradiation,

By applying the linear-dose effect relation one can transform
the weighting factors for total risks recommended by ICRP to weigh-
ting factors for somatic effects. Ancther weicghting factor M. has to
be used which takes into account the dependence of the 1aten§e period
for occurence of malignant disease and the variation of the ircidence
with time. On this basis a somatically significant dose eguivalent
car be defined as "the dose eguivaltent which if received by every
member of the posulation, would be exsected to produce the same total
somatic injury to the poputation as does the zctual dose eguivalent
received by the various individuais”. In the first approximation it
can be written as

550 = 5 (M9adeb)y o m(g,1,5,k) v (6,1,5,k) R, 1.5,k)
S.d Ttot i
k
where ¢ = {FM) or (™) denote the sex

N‘ 232K} = the relative frequency of the age class 'k’ subjected
N
tot to class 'J' exposure

(NtOt = the total number of irdividuals in the popu-

lation;}
ws{g,i,j,k) = the relative weighting factor for somatic effects
in tissde or organ 'i' of individuals in age class

)

} "' subjected to class 'J' exposure,
H(g,i,j.k} = average dose equivalent to tissue or organ 'i

individuals of age class 'k' subjected to class

3" irradiation. ‘
Ms{g,i,j,K} = malignancy significant factor for a malignant dis-
ease of organ or tissue "i' in individuals of age

[y

class 'k' subjected to class 'J' radiatior.

1

in

In the second approximation the malignancy significant factars
dre taken to ohei.e. MS$1 which is an averestimation, because MS by
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definiticn is < 1. But still it is reguired a Tot of detailed infor-
mation about age distributions which are very seldom available in
practice, Therefore cne must assume that there is no age deperdence
in the incidence and in the frequency distributions. Then ore arrives
to the following expression which is very similar to the 'somatic
dose index’ suggested by Laws and Rosenstein (8).

SSD = & {%Lﬂfﬁld-ws(g,i,j}-H(g.i,J)
g,1,] tot

The aporoximation of ng sex-dependence makes the final expression for
the somatically significant dose equivatent
Ly _ s
sso = 7 (NUDy 5L @ o

N s
i, Mot i i Mot

where He E{j) =7 ws(i,j)'ﬁ(i,j) is the somatically effective
’ i

dose eguivalent for the type of irradiation 'j'.

The incidence for fazal somatic effects and the relative weigh-
ting factors for somatic effects in different orgars or tissues 'i'
are given in table 1 13,6,12). Morbid somatic effects will not be con-
sicered in the present paper.

TABLE 1. Incidence for fatal somatic effects and the relative weigh-
ting factors for samatically effective dose eguivalent (5.5,12),

Organ or tissue Tnciderice ReTative somatic effective
percent per Sy weighting factors
ul
5
dreast 0,25 0,149
Red marrow G.20 0.16
Lung G.2G g.16
Thyroid ¢.Co 0.94
Bone surfaces ¢.C% g.04
Remainder G.5C 0.40
Skin §.01 8.1
Total 1.26 1.08

DIAGHOSTIC X-RAY EXAMINATIONS

Estimation of organ doses from diagnostic X-ray procedures can
be made either by direct measurements of absorbed dose or by calcula-
tions. The Monte Carlo method has been used extensively for calcula-
tion of absorbed dose received by each organ of interest during diag-
nostic X-ray examinations.
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TABLE 7. Calculation scheme for the somatically effective dose cquivalent HS E(j): £owli)e0li,5)
. * 1

Average absorbed dose to various organs and tissues
from different X-ray examinations

D{1,3) may

Breast  Red Marrow Lung Thyroid Bone sur-  Remainder  Skin HS [
faces !

- miv
HERYOUS SYSTEM -
Head {skull) 2.04 0.54 0.04 3.7 1.00 0.0 176 1,87
Head-angiography - 5,87 - - - - - -
THORAX PLUS NECKORGANS
Heart and Lung 1.45 0.73 2.9 0.97 7.6 1.1 10.5 6.62
Angiccardiography - 1.42 - - - - - -
whole chest 0.27 0,13 0.4z 4.0 0.76 0.66 n.78 0,48
Chest-mass survey - 0.72 - - - - - -
Tomography (Lung) - 1.93 - - 3.18 20.1 17.0 -
DIGESTIVE ORGANS
Barium swallow (stomach) 3.4 Ak B.6 1.0% 6.7 0.7 26,8 17.8
Barium meal [intestine) 0.8t 5,2 1.0 0.06 5.3 8.6 35,6  20.4
Barium enema {colan} 0,17 5.8 0.25 0.0% 9,2 18.9 7.8 10.8
Stamach-mass survey - U.60 - - - - - -
Gallbladder 0,37 1.39 1.7 0.02 1.48 15,8 10.36 7.8
UROGENTITAL JRGARS
Abdomen-Kidney Urether
and Bladder 0.29 1.26 0.14  0.07 2.9 9.3 7.5 4.9
Urography 3.7 3.4 0.67 0.71 a.7 38.6 16.0 18.5%
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TABLE 7. Continued

Cystography (Bladder)
Abdomen-~angiography
Abdomen-pbstretic
Salpinography
Placentography

Other

SKELETON, EXTREMITIES

Dental (Full mouth 14 films)
Cervical spine

Thoracic spine (dorsal)
Lumbar spine

Lumbo Sacral joint

Hip and upper femur

Leg and foot

Clavicle and Shoulder

Arm and Hand

OTHER
Mammography
Lymphoangiography

= AN e L wn wm LR S
o L L OO [®3]

P oDoDoDo—-8 0o

Red marrow  Lung  Thyroid
3.0 - -
3.8 - -
2.3 - -
1.81 - -
0.99 0.60 0.0
0.05 g.Mm 0.%
0.33 0.1z A
1.95 5.6 5.0
2.3 0.9%  0.08
2.9 0.723  0.M
0.80 {.04 0.0
0.1 c.M 0.20
0.35 0.99  0.50
- - 001
- 1.43 -

- 2.03 -

Bone sur-
faces

1

N e e R

R =]
a4

Lol 8]

Rema inder

ek (7] ] I

=]

.

1 CS e el = D L e

Skin

g o o Oh WD O e

HS,F
_ My
3 1.7
.8 2.5
1 6.3
8 7.3
0 4.
00 307
25 0.24

*15alivary glands 6 mGyx(.01

Brain
Remaincer

0.2 mGyx0,01
0.005 mGyx0.38



Estimation of the somatic effective dese etuivalent needs data
on the aosorbed dose Lo breast, red bone marraw, lung, thyroid, bone
surfaces, skin and up five rmore highly exposed organs or lissues. The
ansorbed dose to these crgans from warious types of X-ray examinations
are civen in table 2. These data are extracied from measdred arnc cal-
culated dats pubTished by various auvthors [1,8,3).

The scmatically effective dose eguivalent Hg . far the varicus
types of X-ray examinations whnich has Leen der1véﬂ frorm tre absorbed
cose values in table 2 by applying the weighting factors c¢ven ir
tazble T are given “n the pight column of table 2. The highest somati-

ally effective cose equivalent are received by X-ray exarrnaficns of
the snall intestine {oarium meal), descending urography {IVP} and the
stomach and oesophagus {tariun swallow} which all give values ir the
order of 18-70 nSv (1.8-2 ren;.

DIAGNISTIC USE GF RANICPUARMACELTICALS

The absorbed Zose Lo varicus organs and tissues can be ceriveo
frem the well known KIRD formalism dut this wJdst be extended to in-
voive also the target dose resulting from the radicactive materizl
cdistributed within the remaining paris of the body. Generaily, the
ansorbed dose D01} in any target crgan (i) s corposed of three oart:

DEiY = DEg«i+T S(ich)+D(ieR3;
h

where O{i<i] is the absorbed dose due to self-irradiation from the
target crgan (i), & 9(i+h) is the absorbed duse due %o ivradigiion
from specified source argans (h), DIi<RB) is the ahsorbed dese due to
irradiation from radicactivity in the rost of the body (R4

In medical applications a unit bolus injection of activivy A is
often used which means tnat the cumulated activity in ar organ cart oo
writfen as

4 wole - a
H(O,-‘-;-— Tk ﬁl\')
where 1, 15 the mean residence Lime of the radinactivity in recion k.
The sgmdtically effective dose couivalent may thus be given as

He = A« ¥ rusfi} Co(ipeSici)e 5 oa(h)-S(i<hj+ = -S{icR3} 1}
i h KB

wnere the mean absorbed dose per unit cumulated activity S for tne

rerainder of the body (i.e. total bedy excluding the scurce volumes)

may be represented by the following expression{11).

m, Im
s{ierB) = S{ieh) - 7 s(ien) LI
RE n TRE

where S(1<RB), S(i<WB} and S{i+h} are the mean absorbed dose ger unit
curulated activity for the target region, considering the remainder
of the body, the total bedy and the hith sgurce volume respectively.
Taking Into account the relationship between the residence tine
for the rest of the body, total body and the target organs
{IRB =z -oon Th} the somatic effective dose equivalent may pe give
h
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TABLE 3.

Absorbed dose uGy/MBq

'"Critical' organs

Compound Function or organ
examined
(Average administered
activity MBq)
{1 mCi = 37 MBg)
Cr-51 EDTA GFR {3.2)
Tc-99m colioids Tiver {300)
Tc-99m DTPA kidney (150)

Tc-99m MAA, HAM
Tc-98m pertechnetate

Tc-95m-phosphates
I1-123 jodine
[-125-1iodide

[-131-iodide

Au-198 colloid

lung (70)

brain; thyroid
{400, 60)
skeleton (350}
hypothyroid (20)
cuthyroid "
hyperthyroid
hypothyroid (1.4)
euthyroid "
hyperthyroid "
hypothyroid (0.4)
euthyroid "
hyperthyroid “
liver {40)

kidney:8(0-120 -
Tiver: 92, spleen:h7
kidney:24

tung:57, Tiver:10

thyroid: 35
skeTeton: {5
thyroid:2 400
thyroid:5 400
thyraid: 13 000
thyroid: 250 000
thyroid: 470 000
thyroid: 800 000
thyroid:230 000
thyroid:570 000
thyroid:1 000 00Q
Tiver:11 000

Average
whole body

Somatic effective dose equivalent {uSv/MBq)} and absorbed dose to 'critical’ organs per unit of
administered activity for some radiopharmaceuticals (1 pSv/MBq =3.7 mremmCi ;1 mrem/mCi = 0.27 uSv/MBq)

M ¢

nSv/Miq

9-16
12

15

100
220
520
10 000
19 000
32 000
18 000
41 0400
ao 040
i 230



by the following exaression

H ¢ = A, 5 wli) {2(i}eS{iei)sD T(h)+S(ich)elmyqmt (R} )o
' i p h
M- i
(s i3y 2By s(ien) )
2B h TR

Trhe somatically effective dose equivalent per urit of administered
activities for semc of the most Freguenl examipations are given in
table 3 together with the absorbed dese to some eritical organs.

Tne calculatign of these values are mainly based on tne data
summarized by Kaul and Roedler {7,13,9}

RADIATION THERAPY

There are surprisingly erough no complete information on various
organ doses avaiiabie in the literature for an estimation of somati-
celly effective dase equivalent in radiation therapy procedures. The
high absorbed dose used in radiation therapy makes it further diffi-
cult fo estimate which weighting factors should be used in the calecu-
lations. Tnerefore it seems not at the present time to be meaningful
to make anmy estimatisn of somatically effective dose equivalent in ra-
diation therapy.

Attemats have, however, been made fp cazlculate leukemia signifi-
cart dose eguivalent basec on abscrbed dose to the marrow anc a leu-
xemia significant factor {2).

in table 4 is given the jeukemia significant dose equivalent LSD
for beam therapy {uSv per person anc year) in Japan.{Z.4}.

SGMATICALLY SIGNIFICANT DOSE EQUIVALENT

3y anplying the reiative freauercy of various types of X-ray
examinations and examinations with radiopharmaceuticals to the somati-
cally effective dose equivalent one can easfly arrive to an approxi-
mative value of the somatically significant dose equivalent.

TABLE 4. The Teukemia significant dose equivalent LSO (uSv per person
and year} from beam radiation therapy in Japar 1971 and 1978 (2,4}

Irradiation Source LSC {uSv per gerson and year}
Male Female
1971 1978 19779 1978
X-ray: HVL 2 mm Al 5.9 - i8 1.5
X-ray: HVL 0.5-2 mm Cu 2.6 - 12 0.1
Cc-60 gamma rays 39 N 180 3.5
Accelerator: photons 4-30 My 13.6 37 g5 £3
Aecelerator: electrons 8-35 Mey 4.8 0.4 7.4 i

Total 66 68 3iGe 233
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IS THE DOSE EQUIVALENT INDEX A QUANTITY TO BE MEASURED?
Siegfried R, Wagner

Physikalisch-Technische Bundesanstalt, Braunschweig,
Federal Republic of Germany

PRIMARY RADIATION PROTECTION QUANTITIES
EFFECTIVE DOSE EQUIVALENT

With its Publication 26 /ft/, TCRP limited the risk of stochastic
radiation effects in man by setting a limit to the annual effective
dose equivalent

3 =T w,H, (1)

e 13
which is a weighted (W3} sum of average dose equivalens Hj in partic-
ular tissues. Of course, H, cannct be determined by routinme radiation
protection measurements, the chief obstacle being the intricate geo-—
metrical shape and the intrimsic structure of the human body as well
as the necessity ro determine dose equivalent distributions in many
tissues. Yet it should be emphagsized that Hg is unequivocally defined
by eq. {1} in any radiaticn envireonment irrespective of its variation
with time or of the movement of the exposed person.

SECONDARY QR OPERATIONAL RADIATION PROTECTION QUANTITIES
GSF EQUIVALENT INDEX

HYence, for practical measurements ovperational quantities must be
introduced which approximate Hg. If such an operational guantity is
to be applicable to whole body irradiation by all kinds of ivnizing
radiations i1t must be defined in an anthrepomerphous phanteom, simula-
ting the trumk of the human body, as e.g. in a neutren fielZ seconda-
ry radiations originaring in the irvadiated personm contribute sub-
stantially to B,. A simple phantom sufficiently anthropomarphous for
radiation protection in many situations of exterpal irradiation is
the 30 em diameter sphere compdsed of soft tissue as intreduced by
ICRU /2/. The definition of the maximum dose equivalent in this sphere
as a possibly operational quantity, which 1s termed dose equivalent
index Hy, was then obviocus.

Eventually, ICRP /1/ took up this idea and stated that with
external exposure Eo peonetrating radiation the limitation of the deep
dose equivalent index H1 4 i.e. the maximunm dose equivalent in the
inner 28 cm diameter core of the sphere /3/, would afford at least as
good a level of protection as the limitation of Hu. For simplicity's
sake, only the unrestricted dose equivalent index Hy as introduced
above will be considered in the following.

EFFECT OF IRRADIATION HISTORY

Whereas the introduction of the dose equivalent index certainly
simplifies calculations in a given stationary radiation field, ambi-
guity arises when the dose equivalent to a moving persen is to be
estimated, as the 30 cm sphere has no inherent coordinate system and
hence cannot be oriented in space. Likewise, when the radiation field
varies with time with the spere remaining fixed, the dose equivalent
index Hy is penerally not the time integral of the dose equivalent
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B2 I.il(t)dt_ (2)

index rate HI'

as the location of the dose squivalent rate maxioum in the sphere may
vary with time:
- By is non-additive with regpect to its components in time.

EFFECT OF IRRADIATION CEOMETRY

This peculiarity of tlhe dese cquivalent indexw alse shows np in
the superposition of various angular cemponents. Let di(d$/d) be the
differential fluence of lucident particles with directions whithin
the solid angle elewment df. Then LRG Eorrespuuding differential maxi-
mum dose eguivalent will he dH = 4AR{aH/d4)/{(d2/d7) . As the maxima
produced by various angular componenis may occur at different loca-
tions within the sphere, the relation

g A0 (3)
L #ndd df
is valid for the resulrticg waximum Hp:
- Hp is non-additive with respect to its components in sotid angle.
Relation (3) allows the maxioum uncertainty in Hy coming from this
kind on "nou-additivity" to be estimated. For radiation of fluence ¥
incident unidirectionally to the sphere, this is alse the maximam
fluence at the surface of the sphere, and numerically equal to dN/dF,
the number of particles per surface element passing the surface of
the sphere at that point where the particles hit this surface element
d¥ perpendicularly. For radiation of the same fluence @ lncident 1so-
tropically to the sphefa, the maximum flusuce at the surtace is anly
@/4 at any point of the surface of the sphere, if the sphere fully
shiclds (he Incident radiation?). This means that alsa the number aof
particles passing the surface per surface element dF is (t1/4)dAN/dF.
In those cases where the spheve only partly shields the incident rfa-
diation, the anisotropy factor

k. = u /a8 8% a8 t4)

is between 1/4 and 1 (cf. f4/).
EFFECT OF RADVATION EXNERGY

Similarly, the lacation of the dose equivalent maxiowm in the
sphere depends on the energy or energy distribution in the incident
radiation. Again, the dose equivalent index resulting from various
energy components in the incildent radiation will generally not. be the
sum of the dese equivalent maxima corresponding to these components:

no o« SE 49
1 °d& R

dE (53

This 1s illustrated by recalling that in the unidireetional case,
the total oumber of particles incident to the sphere of radius r

is ¥ = $1r?. In the isotropic case this number N is to he distrib-
uted equally over the whole surface 4vwr? which leads to a "shielded"
incident particle fluenece Frr?2/{4dnr2z)} = /4.
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- Hy is non-additive with respect to its components it energy.
According to Harvey /4/, the facter

[+
=]

k. = H /S

r I dE (63

3
=
[=A }=N
D

ranges berween 0.7 and 1,

The maximur uncertainty in Hy coming from the non-additivity of
angular and energy compenents is then characterized by the extreme
values

- v v "~ - . 3 -
k = kQ-k = 0.175 and k = 1, the ratio of which is

-

k/k = 5.7 (7)
INSTRUMENT PERFORMANCE AND CALIBRATION

These considerations lead to two essential requirements for an
instrument intended to measure Hy:
- The instrument must exhibit the full scattering and absorption
properties of the 30 em dia. sphere;
- The dose equivalent distribution must be explored throughout the
entire sphere in order to locate the resulting maximum.

Notwithstanding the fulfilment of these requirements there is ne
simple and unique way to derive Hy from dose equivalent index rate
measurements. The uncertainty menticned above will subsist. In prac-
tice, howvever gimple instruments with z single fixed detector will be
used. Whereas it should be possible in principle to construct an
instrument to indicate Hy for a range of incident radiation energies
in a fixed irradiation geometry, e.g. unidirectional incidence, the
calibration performed under these conditions is not transferable to
other irradiation geometries. The maximum deviation is given by ex-
pression (7). Yet, a measurement which may be unecertain to & factor
of 5, loses its sense.

OTHER OPERATIONAL QUANTITIES

Among possible candidates for operational quantities, which do not
show the shortcomings of Hy are,
- Dose equivalent ceiling H. = fdH {ef. /4/) which is the sum of dose
equivalent maxima in the spheve for all radiation components;
- Average dose equivalent H in the sphere;
- The dose equivalent Hy in a specified depth ar a particular location
in the sphere,.
That operational quantity H, for which the ratio Hg/H, is least energy
dependent should be mest suitable. As H, is addirive with respect to
all irs components, the same should apply to any quantity H,. The
three mentioned above fulfil this eendition. As results of caleula-
tions and experiments to answer these problems atre still secarce,
fig. 1 can give only a few examples for photon radiation based an
ref. /53/. It is to be neted that none of the scalar quantities men—
tioned above can pive full information on Hg, since H, depends among
other things on the orientation of the exposed person in the radia-
tion field and on its variation over the occupied space.
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Figure 1. Ratios H,/H, of effective dose equivalent He to various

operzticnal quarLitiuq iy {ef, /577,

Curve a: Hy - “Hr g deep dese equivalent index, irradiation geometry
(1G): pdel]Pl beam (FAR) rotatingperpendicularly
to vertical axis of the human body (ROT}

Curve #: " minimun value of H/Hp d I[G: from PAR
Curve a: " PAR maximum value of HQIHI 4 to ROT
Curve bt H, = Hy Reading of an Squnplr detectar calibrated by

means of a parallel beam to indicate Hy 43 1G: ROT
Curve e H, 1_ {unrestricted) dose equivalent index; I&: ROT
Curve d: H, - 2 B Average dose equivalent in the 30 dia.spherc;lG:ROT

The curves for the minimum (&) and maximem (4) values of the ratio
HHfHI,d indicate its range for various expoesure conditions from paral-
lel bean Incidence perpendicular to the wvertical axis of the body to
a parallel beam rotating around this axis. The solid curves give va-
rious ratios for the rotational beam. Ubviously, the ratio (Hg/H)/2
feurve d) shows the lezst variation with incident radiation energy. [t
should be pointed out that the absolute walue of the ratlios 1s aot of
great cousequence, ds a conservative estimate of H, can always be
achieved by applying an appropriate scale factor or by introducing
secondary limits to the respective operatioral quantity.

Future investigations should include the fully isotropic case, ex~
tend the range of incident energies and in particular consider kinds
of radiations other than photons. Quantities of vector or matrix char—
acter should be explored in order to estimate Hy to a closer approxi~
mat 1om.
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4 THEQRETICAI, APPROACH FOR THE MEASUREMENWNT OF THE
eFFECTIVE DOSE EQUIVALENT FOR EXTERNAL RADIATIONS

Riidiger Jahr, Rudolf Hellnagel and Bernd Sicbert

Physikalisch-Technische Bundesanstalt, Burndesallee 100,
D 330C Braunschwelg

The guantity 'wlfective dosc cquivalent', H, was
introduced by the ICRPF /17 to cxpress the maximum
admissible dose limits for radiation induced stochastic
effects. In this paper, thc relation between the response
of different types of detectors and H is given explicitly,
and construction regquirements are deduced. Criteria for
'operatipnal gquantities' Facllitating the measurements
are given. It is found that the ‘dose eguivalent index®
/1,2/ is not consistent with these criteria.

THE TIHECRETICAL APPROACH

An irradiation situation is considered in which an
upright standing antrcpomorphcous phantom is irradiated
from a spacial distribution of radiation scurces lccated
in the horizontal planc, far away from the position of
the phantom. The radiation fluence ¢ at the position of
the phantom in receptor-free condition /27 can then be
expressed in terms of the spectral angular fluence by

Ci: :01?& Ezfidlo{ - C#E._cx(‘x’E) (1)

where Lhe angle o indicates the dircetion and E the
energy of the radiation. The spacial orientation _of the
phantom (its 'nose') is indicated by the angle . Then
the effective dose equivalent can be written.

H (=) :or"lEz"H“‘MH(““‘“HJE)"ﬁM(""E) (2)

where the function M can in principle be calculated
by Monte Carle calculations and may therefore be con-
sidered as a known guantity.

For practical measurements, the angular and thc
energy range are decomposed in intervals [uj,aj+ﬂaj] and
[Ex,Ex+AEK]- With the definition

M:'}HR(O(H):MH(O(;'_—'D(Hr Eh) (3}

one can writc apprcximately

B"m Ko | = Hy , N (4]
Hiwt)~ 5 3 JAE [ M0 g e B)- )

k=1 af, Ac(}.
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where the functions g are derived by interpeolating
MH (a- GH,L}/HJ x within the given Iinterval. Dafining the
guantity

C}D IJE J’cld 3 (ocE ¢ (%,E) (5)

one carn wrlte

: HY. 1Y)
H (™) = ZZ= M}Jh(x) 4);&,:‘
where the matrix MH is called 'phantom response matrix'.

Now the phantom be replaced by a 'directionally
dependent spectrometer', the most general type of
detector considered in this paper. Its response RJ,K 1is
assumed to be distributed in two sets of discrete
variables J = 1,2..., Jpg and K = 1,2;,..., Km. The
variable J is related tc the measurement of the radiation
direction j, and may, for instance, be substantiated by
turning the instrument to Jp different directions. The
variable K is related to the measurement ¢f the energy k
of the radiation, and may, for instance, be substantiated
by a pulse height spectrum. Even for fixed wvalues of j
and k, the measured values Ry yx are allowed to be
distributed. Simplifications introduced below will allow
to consider less complicated detectors,

Defining corresponding gquantities as in egs. (3)
and (5}, the resgpnse of the detector can be written

R, =% 2" MR, . P (7)
A i T RT 3,4,K,k iR

The detector response matrix MRJ K,k €an be measured
using monoenergetlc' radiation W1£h energy k and
incident direction j. Inherent symmetries of usually
employed detectors will in practice reduce the npumber
of different matrix elements.

The inversion of eq. (7} is given by

R In o R
‘ﬁku:zzﬂp-f .+ R (8)

Insertion of eq. (8B) in eg. {7} gives

Z z M P:J',h,K' =3 _,-§ (9)

¢
i=t k=t 7 3.9 LY
It is assumed that this system of linear equations can
be used to express the proaection matrix P by the
measured response maktrix M A necessary condition is
Jm - Em 2 Iy ¢ ky with Iy = Iy’ and Ky = Kp's
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It is further assumed thal Mi(au-cH,E) and MR(a-aR,E) have
similar interpclation preoperties within the intervals.

Then
“ R
- d° - b (10)
&R ik d.r
The effective dose equivalent can be exprossed by

egs. (b}, (8) and {10):

T Ko
i H («") :J; ;T Mok (&) - Ry« (11a)
wWhero - -
M T M "
") = PolxM) . (11b)
ij( ) 3—21 %1 }fk( J Ej,hk

As wentioned above, both matrices, MH and P, can be
considered to be known.
From egs. (tla), (11b} the construction reguirements
can be deduced for four different types cf detecters:
7. Reguirement for the directionally independent
dosimeter: M is independent of J and K, i.c.

T Km
Hla) = M) L & Ry = M- R ()

The dosimeter conly necds to indicate one single value R

which is linearly propcortional to H,

2. Requirement for the directionally dependent dosimeter:
M is independent of K, 1.e.

T K Ton
Hi«") =2 M _(«") -7 R = 2 M {x") R, (13)
3 I Ka1 2k 3= Y
This deosimeter only needs to indicate the values Rj.

3. Reguirement for the direccticonaily independent spectro-
moter: M is independent of J, i.e.

K, T K.
- H — 14
H{x")= L M (")) R =) M («4) R~ (%
K=t J=1 ! =1
This spectremeter only needs to indicate the values Rg.
4. The directional spectrometer, the most general case,
has been discusscd abkove. This instrument needs to
indicate the complete information Ry, ¥ {see

eq. (11a)).

OPERATIONAL QUANTITIES

In practice i+ may be advisable to simplify the con-
struction requirements based on egs. {(1la}), (11b).
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In such cases a simplified phantom response matrix FH
can be determined such that

HEI&& (o™ E) - ¢’ (15)

is an approximation to H{a®). The guantity H with the
corresponding response matrix MP may facilitate the pro-
blem of measurinyg H, and it is5 defined as ‘operational
guantity'. Either one or both of the following
simplifications can be introduced in ordexr to construct
an coperational qguantity:

{i} purely mathematical simplifications, for instance
fitting the phantom response matrix to a simplifying
analytical expression.

(ii) the phantom itself can be simplified and the
corresponding response matrix be used.

DISCUSSION

It is concluded that Monte Carlo calculations for
anthropomorphous phantoms are reguired as a pre-
requisite toc construct the response matrix of the
vhantom. If, in addition, the response matrix of the
detector is measured, then the effective dose eguivalent
can explicitly be expressed by the measured detector
response. The extension of this concept to a three-
dimensional distribution ©of distant sources does not
pose any basic problems.

Regarding operaticnal guantities, in the past, these
often have been defined as the maximum of the spacial
distribution of the ‘dese equivalent index' /1,27, for
which, however, a response matrix B" (see eg. (15))
cannot be constructed because the corresponding
superposition properties are lacking. Within the frame-
work of the appreoach given here, such a gquantity appears
to be unsuitable.
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BIOLOGICAL EFFECTIVENESS OF FAST NEUTRONS
Mario Coppola and Giovanni Silint

Comitato Naziorale per I'Energia Nucleare, Centro di Studi Nuclearl della
Casaccia, Roma, Italy

The main difficelty in deriving human risk estimates for the purpose of
radiation protection lies in the lack of information on the radiation action at the
extremely low doses and duse-rates. In practice, this difficuity is overcome by
extrapolating estimates of risk obtained at whatever dose is availablie down to
the smallest dose levels, by making use of the hypothesis of non-threshold
linearity between dose and effect. In the absence of direct data, risk estimates
for high-LET radiations are usually derived from low-LET data through
conversion factors, such as the Quatlity Factor, Q. Quality factors are extremely
important in these procedures because they allow scaling of information relating
to different radiation qualities according to one family of variables, that of dose-
equivalent.

The above general procedure entails two main assumptions. Firstly, the
assumption of linearity, to which a great deal of theoretical and experimental
radiobiological work is and has been devoted in an effort to obtain supportive
evidence, Secondly, the assumption of a quality factor independert of dose and
dose-rate or, alternatively, the choice of quality factors applicabie at the dose
levels and for the effects of interest, which remains a controversial matter.

The present paper is concerned with the infiuence that different shapes of
dose-effect relationships might have on the assessment of risk estimates and the
adoption of quality factors.

GENERALITIES

Before doing so, it is essential to recall notions that are quite clear in
principle, but often confuse such discussions. Firstly, the levels of dose and dose-
rates at which the following considerations apply are orders of magnitude below
the range where radiobiological effects are detectable. At these very low levels
of dose and effect the actual shape of the function linking the two variables may
bear little relationship to the experimental data observed at higher doses and.
therefore, the analysis must of necessity be speculative and inferential.
Secondly, there is a diifference between the concepts of Relative Biclogical
Efficiency {RBE) and Quatity Factor, Q, the first being an experimentalfy
determined relative quantity, applying to a given effect and exposure condition,
the latter a conventionally defined factor, which is intended to allow for the
influence of any given radiation quality on biological effect /5/, simply for the
requirements of radiation protection. The facmr Q is formulated as a continuous
function of the collision stopping power, L __, alone /6/, an approximation which
is considered to be acceptable at the 1evel of accuracy required for radiation
protection /4/.

DOSE-EFFECT CURVES

Among all possible forms of dose-effect relationships for high-LET and
low-LET radiations compared for determining values of RBE, three examples witl
be discussed hereafter. The first is that of two curves having the same form and

Publicaiion n- 1664 of the Radiation Protection Programme of the Commission
of the European Communities. Contract n® 173-76-Bio |
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differing only for a dose-modifying factor. In this casc the RBE would be
independent of the level of effect and risk estimates derived at high [evels of
dose would be applicable down to the lowest exposures. This situation, which
includes the case of linearity generally used in radiation protection, is however
difficult to be verified experimentally.

Radiobiclogical experience shows, on the contrary, that for many
hiological end-points the reference low-LET ra.giatlon has a more than lincar
dose-effect dependence of the form 1{D)=aD-bD", while for the same end-point
the dosc-effect relationship is imore nearly linear In the same range of effect for
high-LET radiation, such as neutrons. The linear + quadratic relationships for
low-LET radiation has becn examined by several authors {or 1muny radiation
induced carcinogenic, mutational and cytogenetic end-points /1, 11/. For many of
the end-points considered the linear term dominates the response up to a dose of
approximately 100 rad. Consequently, assuming a linear non-threshold
relationship could overestimate the risk at low doses and dose-rates of jow-LET
radiation by about a factor of two. At the same time the value of RBE
corresponding to a given level of dose could still be used as an estimate of the
cifectiveness of the high-LET radiation at lower doses, although the RBE would
become larger for low dose cxposures. In fact, the RBE of the high-LET
radiation, would be given by the expression

ZaH
RBE = -y -
a +(a2+l§a b, D )0_5
L L HL™H

where the indices H and L refer to high- and low-LET radiation, respectively.
Thus, RBE would increase with decreasing dose up to a maximum equal to aH;’aL,
which is reached when IY aH;’a & a _f’ubL, that is DI- RBE < a, /&b, . For
aLIbL_-IOO rad and for RBH.T ,{x_[[[) (w‘iich 1s very probaély an'underestirnate) the
constant RBE would be reathed for D<€ 2.5 rad and, therefore, RBE would in
practice be Increasing for absorbed coses down to very low levels. Actually,
neutron RBL values relative to X- or gamma-rays exceeding 100 have been
measured f9/. 1t should be pointed out that, under the present assumptions, the
increase of RBLE at very low doses would not be caused by an increased
effectiveness of neutrans, but by a decreased effectiveness of the low-LET
radiation. Probiems may arise when quality factors are based on RBE's which are
measured at much higher doses than required for human risk estimates, as it is
usually the case, and Q might thus be taken to be lower than it should.

A third ideal case would be one where the dose-effect relationship for the
low-LET radiation is linear through the origin, and that for the high-LET
radiationglr-j‘ss than linear. Assuming, for instance, relationships of the type
HD)=a, " for the high-LET radiation and I(D)—aLD for the low-LET radiation,
the Rfﬂj would be of the form

a
RBE = -——————GH~ i
a, D
L™H
Essentially, the dependence of RBE on high-LET radiation dose would still apply,
as in the previous example, although no constant value would be reached at very
low doses. Under these conditions risk estimates -nade at any dose level would
apply to any low dose of the low-LET radiation, but using a constant () would
undercstimate the risk of very low doses of the high-LET radiation.

EXPERIMENTAL EVIDENCE

Here follow a few examples of biological effects where, irrespective of



the level at which the effect is expressed {cetlular, tissue, whole bady), there is a
suggestion of an increasing RBE with decreasing dose. The first example is on
protoplasts of Nycotiana plumbaginifolia /8/, a biological system suitable for
studies at low doses for i1ts high radicsensitivity and plating efficiency and for
the possibility of obtaining large amounts of synchronized cells. As shown in Fig,
1 the surviving fraction of cells decreases bi-phasically with increasing absorbed
dose of 16 MeV neutrons, which could be described by the superirmposition of two
exponentials. At corresponding levels of effect the curve for the low-LET
radiation may be taken as a simple exponential within the experimental errors of
the data points. As a result, valucs of RBL licreasing with decreasing neutron
dose are found in the low-dose region anc a value of RBE larger than 70 would
apply to a neutron dose of about | rad. The shapes of the response curves suggest
that the increasing RBE is due to increased neutron effectiveness at low doses.

The case of mouse testis weight lass at 28 days postirradiation (see Fig.
2) 12/ is similar in that at low doses the curves would be interpreted as if a
consistent fraction of cells would show an enhanced response to high-LET
radiation giving rise to high values of RBE below about 5 rad.

Another example is provided by cataractegenesis in the mouse {Fig. 3).
Recent experiments /3/ have shown that in the dose region of up to few Gy the
dose-effect curve for 230 kVp X-rays is well described by a straight line through
the origin. Values of RBE increasing with decreasing neutron dose are found,
approaching 30 for about 1 rad of I MeV¥ neutrons. Here again, the data suggest
that the increase of RBE results from an increased neutron effectiveness at the
low doses.

Neutron RBE values exceeding 100 have been derived at low doses for the
induction of mammary tumors in Sprague-Dawley rats /10, 7/. The very
important feature of these results for radiation protection is the sublinear dose
dependence at low neutron doses, with a dose exponent of about J.5.

Simijlar results have been found from a comprehensive analysis of data on
life shortening in the mouse following acute irradiations. In the dose region up to
tew Gy a linear non-threshold dose dependence is suggested by the data for X-
and gamma-ray exposures. For neutrons a sublinear dose dependence describes
the available results, with an optimum value of 0.5 for the dose exponent.
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CONCLUSIONS
Although more-than-linear dose dependences generally apply to the
induction of biological effects by X- or gamma-rays, in several cases terms

higher than first order seem to play a negligible role in the region of importance
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for radiation protecticn. However, in the same cases neutron RBE values show a
definite tendency to increase with decreasing neutron doses, which is compatible
with the assumption of an increased neutron effectiveness at iow doses,

The above considerations are purely empirical and apply to effects
cbserved mostly on highly radiosensitive biological systems, They are by no
means to be generalized until sufficiently convincing explanations might be
provided to account for the increased neutron effectiveness at low doses or dose-
rates. Neverteless, these observations applying to a wide range of biological
effects make the matter sufficiently interesting for further Investigation on
sultable materials and meaningful end-points. It is possible that following the
above and further evidence the values of the Quality Factor, Q, would have to be
reconsidered.

Finally, microdosimetric results suggest that quantities with a direct
influence on radiation effectiveness, such as §+ ; have a large dependence on
radiation quality, ranging up to a factor of twdC for neutrons between t and t5
MeV. Therefore, adoption of a unique value of Q for all fast neutrons might not
be the best choice for radiation protection, unless it were proven that in the very
low dose region the neutron effectiveness becomes sufficiently independent of
neutron energy /2/.
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HEALTH PHYSICS EVALUATION OF AN ACUTE OVEREXPOSURE
T0 A RADIOGRAPHY SO0URCE

J.K. Basson and A.P. Hanekom, Atomic Energy Board

F.C. Coetzee, Radiotherapy Department, H.F. Verwoerd Hospital

D.C. Lloyd, National Radinlogical Protection Board {United Xingaom)
Private Bag X256, Pretoria, 0001, South Africa

Industrial radiogranhy in South Africa has grown since 1948 to
the present use of, inter alia, 130 iridium-192 sources {uo to 200 Ci)
by 29 firms., Although it remains the main cause of overexposure {1}
in the use of radicisotopes, only two persons have sufferec clinical-
1y observatle injury before this incident in 1977, The one person
who was here acutely overexposed, was followed-up by physical dosime-
try, chromosome studies and medical surveillance.

1. THE INCIDENT

During radiograpny at a construction site a 6,7 Ci 192Ir-source
fell out of its container on Saturday morning, 8 January 1677. This
was not noticed by the radiographer because of a faulty monitor, and
ne subsequently left the construction site. About 3 h later a con-
struction supervisor, A, picked up the bright metallic object which
he assumed to be & component of a mobile crane, and placed it in the
left breast pocket of his shirt. Subseguently, he traveiled home in
2 small bus with & other occupants who alighted at various points
along the route, with A reaching his nome after 40 min when ke sat
down to watch a television program, About 40 min later he became
nauseous and vomited, and removed his shirt which was placed in a cup-
hoard, and went to bed. The next morning he removed some morey and
the source from the shirt and placed it in the drawer of his bedside
table. The family spent the rest of the day away from their house,
retiring to bed at 20n00 with A immediately next to the bedsice table
and his B-year old son sleeping between him and his wife, On Monday
he left for work at DEhOO while nis wife and son remained at home.

The Toss of the source was discovered at 11nr30 on the Monday
when a search was instituted by the firm with the aid of radiation
monitors. As the search praoved fruitless, a replica of the source
capsule was shown to the workers on site with subsequent identifica-
tien and recovery of the source from A's bedside table at I5h45. In
the meantime, the loss of the source was reported to the Atomic
Energy Board, the South African regulatory oody, at 13h45.

2. HEALTH PHYSICS

Due to the magnitude of the accident, A was acdmitted to hospital
for observation and his family as well as his colieagles were imme-
diately placed under medical supervision. Subsequent dosimetric cal-
cutations indicated that in addition to his family, only three col-
Teagues (X, Y and I} were to remain under medical observation, but
that at no stage was any member of the public exposed to a level
which warranted surveillance.



Although statements were obtained from A, his superiors, col-
Teagues and the industrial radiographer, it was extremely difficult to
reconstruct the accident in detail. It could, however, be derived
with a fair amount of accuracy that the source remained in his pocket
for 2 h 40 min, although its position in relation to his body (it was
& locse-hanging shirt) could not be determined accurately. For dosi-
metric purposes it was considered that 33 % of the time was spent in
the sitting position with the source approx. 60 mm from his body,
whereas the source capsule was considered to be in contact with his
skin in the standing and prone positions. Isodose curves were calcu-
lated using the shielding program PLLSHIE (2}, assuming a point source
irradiating the body, considered as a slab of water - as presented in
the following figure.

OISTANCE ON BODY SURFACE!mm} ANTERIOR POSITION OF

3?0 2:!.0 150 1_3“1{}%\9_50“& J NIPPLE

O

X
APPROX!-

MATE
POSITION
CF

GONADS

(_\

P
o
l

OEPTH IN

420 12 %10

POSTERIOR
ISODOSE CURVES IN RAD (PATIENT A 1,83m BSkg)

Drastic assumptions had to be made for the calculation of the whole-
body dose, estimated as 133 rad,

Atthough the eventuzl biclogical effects were underestimated
during tne initia! clinical examinations, the physical dosimetry led
to A being kept under close medical observation as well as the deci-
sion to reguest chromasome dosimetry.

3. CHROMJSOME DOSIMETRY

On 31 January 10 ml blood samples from 6 people were placed in
sterile heparinised specimen tubes and despaiched by air ip the Ka-
tional Radiological Protection Board in England., Here Iymphocyte
cultures were set up following a routine technigue, incubated for
48 h and metaphase preparations examined for the oresence of unstable
chromoseme aberrations {3).

The aberrations found and the resulting dose estimated together
with their 95 % confidence limits based on scoring statistics, are
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sresented in the following table.

No. Dicen- Centric Acen- Dose 95 % Confidence Timits
cells trics  rings trics (rads) Lower ~ lUpper

A 1000 86 2 60 115 58 133

Wife 500 2 - 10 17 ? A9

Child 500 1 - 3 10 2 34

X 500 - - 1 - - 26

¥ 502 - - 3 - - 26

Fi 500 - - 5 - - 26

The estimates of dose were available on 4 February, 5 days after
the blood samples were taken, and were mace by reference toc an in
vitra calibration curve produced with cobalt-60 gamme rays (4].

“The cytogenetic method provided estimates of whola-body dose in
agreement with the uncertain calculations, but did not permit quanti-
tative estimates tc be made of the absorbed dose to specific parts of
the hody. However, in the case of A, the distribution of the aberra-
tions was not Paisson, which provided a firm indication that his ex-
poslire was not uniform.

4.  MEDICAL OBSERVATIONS

The dosimetric evidence was confirmed by subseguent medical exa-
minatigns and only A showed any clinical eviderce of radiation injury.

The patient developec a slight nausea and lass of appetite with-
in hours after exposure, that tasted orly for about 24 k. ECG studies
done at 1 weck, £ weeks and 18 months after exposure did net reveal
any abpormalities. His blood pressure remained constant. Examina-
tions of his urine done at weekly intervals were normal. The pa-
tient's wife gave birth to 3 full-term normal baby about a year after
the incident. : :

Mentally the patient became depressed, being unable to do his
normdal work as a resdlt of his injured left hand. WNo shortness of
breath or infection gccurred during this follow-up period. Chest X-
rays done at monthly intervals, were within normal 1imits and no fi-
brotic changes were cbserved,

4.1 Lahoratory Studies

Ful? blood courts as well as the sedimentation rate were deter-
mined, first at two-day intervals and then at weekly intervais. The
haemoglobin, white-cell count, as well as tho differential white-cell
count remained within normal limits. The only abnormality was a
change in the sedimentation rate which was normal on day three and
rose to 50 [NV 0-9 Wintrobe) an day nine. Twenty-four days after ex-
posure it was back to normal.

Liver and kidney function remained within normal Timits.

4.2 Local Reactions
The thumb and index finger of the right hand started with an
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erytnema reaction an day 1B, that developed into a wet dermatitis on
day 20, but eventually healed completely within the next 10 days.
Clinical estimation of the radiation dose was difficult but judging
by the reactions (5] about 1 000 rad was received.

The thumb and index finger as well as the middle finger of the
teft hand started with an erythema on day four, which developed into
a wet dermatitis as well as blister formation after ten days. The
hand was very painful and on day 20 the full skin thickness was shed.
The healing of the fingers was very slow and incomplete and after
three months were covered with atraophic skin that tended to break down
repeatedly after minor trauma. This required amputation of the index
and middle finger after 24 months. The estimated dose equivalent is
over 5 000 rad.

Two days after exposure erythema developed over about 180 cm@ of
the anterior chest wall, This progressed to wet desquamation on day
siX, faollowed by necrosis in the centre. Healing started from the pe-
riphery and two months after exposure there was a 60 cm? (& cm x 15 cm
triangle) necrotic area surrounded by slightly atrophic depigmented
skin, which was very painful. The necrotic area remained unchanged
and excision and pedicle skin graft was reguired 18 months after the
incident, By means of the Strandgvist method (6) the central necrotic
part was estimated to have received between 5 000 and 10 000 rad.

The adjoining area received between 1 000 and 2 250 rad. This is in
remarkable agreement with the physical calculations, especially as
the source was not stationary.

5.  CONCLUSION

This accident has pointed out the inherent weakness of pneumatic
radiographic eguipment and, consequently, the further use of such
equipment in South Africa has been prohibited. A system of log-
sheets has also been introduced whereby the compulsory monitoring of
a source inside its container must be recorded before storage.

The radiography firm as well as two of the employees have been
criminally prosecuted and convicted,

The direct physical evaluation of radiation exposure proved its
value in keeping the severely overexposed subject under medical sur-
veillance.
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CONTAMINATICN JF PERSCKS OCCUP*'—\”IONM_.LY LXPCSED TC KATURAL
ADIOACTIVILY I A COAL TIRES POWTE PLANT

Alica Bauman and Diurdja Hdorvat

Institute for Medical %esearch and Cecupational Healtn,
P.0.3. 281. H1000 Zagreb, Yugoslavia

IN{RODUCTION

On the premnise that a study of o work pepulation in a coal
fired power plant with a higher than average radicactivity and
suilphur content can be of value, this paper is presented to stimdate
investigations of practical means of as: sessing general exposure le-
vels of amployees in basically nonradicac tive 1ndustries.

Alr satples were taken, surface contanination surveys of the
work areas were made, and urine specimens and blood specimens were
analyzed for radloactive contamination and mutdggenic analysis.

METHODS AND EQUTPMENT

Tne persaonnel in the original study group wers sn(ty employecs
assigned to operations and maintenance activities In tne ccal {irec
power plant. The operation was 4 continuous one employing tnree
shifts of operational personncl. Durirng the study period The men
worked rotating eight-hour Shi‘ts, with a duty cycle of seven days
and a rest cycle from 24 o 48 hours. The envirommental EXD05Ure
involved uraniun, dust particles, 2¢5Ra, 230ph, J~L]Po, mixed with Tly
asn bottor ash and slag, @ith adéitional contaminarion from 222Rn in
anbient airdi,2) After coal comsustion e concentratic: of These
radionuclides was increased tenfold(3y

The possibility of chemical synergims was not taken i1nto
cong lderation. The major route ints the body had to be by inndlation,
so0 44¥Pb In urine was expected to be present. Pb was sanpled in
20 n urine. Tt was rudicchemically separated (4). 2i0Pb concentration
in urine of a control group was taken as "slank lewvel”

The chrompsane analysis wes performed in B8 lymphocytes
cultures. Two hundred cells were anaiyeed for each subject (27,
coritrol group was investigated at the same tine witn the test group.
The tesL group Wdas chiosen on the ground of good health ang none
previcus mining exgerience.

This paper is based on work performed under TARA
contract ko 2346/ KRB
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SEBULTS

Tne rezults are presanted in the following tables:

""" o 1. CONTAMINATICN OF WORKPLACES

T A I ;

WORKDPLACL ug, U/im /24 h
L. Automatic control operator 360.0
2, Conveyer selt operarcr 23.0
3. Steanm turbine machinist 7.1
4. Turcine operator /.1
3. Mecnanical engincer 7.1
6. Warer controller 7.1

. o 2 .

The ground 10 ks distant from

the coal fired power nlant a.07

Around the place of the automatic control operator the
racdiaticn at the time of sampling and measurement was 0.740
oR/n. The highest radicactivity ever registered at the ach hopper
wan 0.5 md/n. In the average the level of radicactivity was Lower
- 0.05 .05 mi/h. Tne surveys have shown that the contamination
at tne workplaces comsponded with the Areqklency of chromesome
aberrations in persons working in these same places as mdlcateu
in th 1. in numerical order. The same is valid "D'E‘ automatic
control operator with 2i0Ph in urine. 14,47 pCL 210pb/1 urine and
the turbine operator 7,15 pCi/l. ALl the workers had a nigher
amount of 210Pb in urine than the control group.

DISCUSELI0N

It is evident from the tables that the contamination with
low levels of radicactivity in the coal fired power plant can be
detected and tnat the the threshold is very low. This may be due
te synergism with chenical contaainants. The contamination of
workplaces correlates with urine and chromsome results.
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5.1

TASLE 2. FREQUINCY OF CUROMDSOMI, ASBERATIONSG TH PERSONS QCCUPATIONALLY EAPOSED TO NATURAL
RADIOACTIVITY AND IN CONTROL SUBJECTS

oCCup. exp. e Y(E;-EHI‘S Structural aberrations Numerical aberratlions Total
3T - e
persons years EXposUre Dicentric Ring Invers. Break Gap  Polyploid. iypodiploid ¢
Automatic
control 39 3 3 1 1 7 3 - - 7.5
Conveyar
belt 35 7 N a 1 ) 5 - - 6
opetrator
Steam turb.
machinist 52 4 Fd 1 J b 3 - - &
Turbine
operator 39 20 3 a 1 ) 6 2 - 10
Mechanical
englneer 26 i 1 J 0 b 5 1 2 ?
water
controller 33 2 2 L ] 5 y 1 - 8
Mo Control
1. 45 - - - 2 1 - - 1.5
2. 5 - - - 3 I+ - 1 B
3. 35 - - - 2 4 - - Kl
U, KL - -~ - 4 L - i L.5
5, 4 - - - 2 5 ~ - 3.5
6. 78 - - - 3 2 - - 2.5




210

TASLE 3. FREGUENCY OF tLEVATED Fb LEVELS IN THE URINE CF
PERSONS GCCUPATIONALLY EXPOSED TO HATURAL
RASTIACTIVITY

. PR Years of -

EC?J?ZS‘?;;ist 22?@ exposure pCi 0py /1

XPasea perso! years in CFP plant urine
sutomatic control
cperator 3% 3 IH.47
Conveyer belt
operatorn 35 3 1.83
Stearn turbine
machiinist 52 24 5,80

Turbine operator 33 20 7.15

Mechanical engineer

{shift supervisor) 26 3 4.31

water controlier 33 Z 2.29

No lontroz: 1. 43 - 1.08

2. 35 - 1.24%
3. 35 - 1.10
o+, 35 - 1.67
5. 24 - 0.73
B. 28 - 0.8%

The mean corcentration
tlank level = 1.35 pCi
from ail test sasples.

LITERATURE

of all cortrol samples was used as
2100794 n urine, and it was deducted

1. Eiserbud M., Petrow F.G., (1964} Science luu, 288,
2. Jaworowski 2., 3ilkiewicz J. et al. (1974) Report SCZ-157,

127 Beriin.

3. Gesell T.F., Pritchard H.M. {1976} Hl*th Phys.

28, 361.

4. Jauman A., Bajic M., (197%): Arh.hig. rada toksikol. 27, 226
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arount of this dosimeter 1s several wmrenm, 10 mrem per 3
onths 1y oemp as a recowiding leovel for the routine
individual menitoring.
When v dose 1w calculated, Zacksvound dose of each
dosimeter is automatlically subsirucrted Ty computer system.
Tris dosimeter nas the good cnerpgy characteristic
bl
G

o] TE,
the low fadirg eifect, the pigh zensitivity and 1he zase
pividual monitoring.

of handlirg for <The “ov“an in

-ray douc

The 71, elements (UD-100M3) consists of thir L
2f 3Cpm and thermoluminescence meterial (PEHO.ZV") n
cxness of 60um, Fig. 3 shows a composiztieon of B-ra

s meter and twe sels of this dosimeter composes the FNL
lga,

e method of 2ese evaluation is the following.
Tneident foand y-ravs are assorbed Sy TLD-L and TLS-F
and in the TL3-3, only y-ray is abuscrhbed,
Conseguently, the amouont of thermoluminescence &
ed from oeach TL element can be given, In case of the
mixed 3 and vy raciatlen ifeld, v the [oilowing equatlois;

L0 = ba(EIDgt g (2)Dg v C e (D)
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wnere
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g:(E) 'ensitivi1y ol TLD(Z) for y-ray with HN{MaV)
tB = raY GO

DY T y-rdy Jose
T = amourt of nolse luminescence
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=
[

D, = (L(3) - C)/g,(E) (mrem)... (%

f
Tty T =R ) _n
n, = E(DD) [%1‘;3é§§(5'*‘“(3) ©) (pradd... (3)

Neutrcn dose

Neurtron dosimeter incorporated in the PNC TLD hacdge con-
sists of +hree TL elements and Cd Srn filter
shows a cemnositien of this dosluwtler.

In trhe mixed radiation fie;d of fast neutron, thermal
neutron and v -ray, the amount of thermcluminescent re-
gponse of TL elements is interpreted by the follgwing
e4uations;

L(1) = no(Ede,, + G . (8)
P02y = nC(E)(i‘th + ¢'f) + Ge e L7
L{3Y = 2., e (83

wWnere
L{i} = amoun of 1umir‘es ernce emirted from TLD{i)
= proT O“t ‘onall ty CTNSTaAnRT
(%) = the "Li(n,=2)’H crecss section
ol = +the nﬂldent thermal neutren fluax

T

i
$’+h = the backscattered thermail reutron flux
t
al

¢"_F~ = *the
- i5

3{1) = the

iesue moderated fast meutwen flux, that
beco-neutron flux

iminescence caused by y-ray to TLI(L)
If the effect of C24 and 8n filter to y-ray is ecuzl,
G1, G2 and G: are egual, and 3¢ the thermal neutren dose
(D_.) and the fast neutron deose{D.) are calcurared by the
;otlow"ng aquaticns; *
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- . LU) - 1(8) _ no(E)oth

b T P (rem} ... {3)

o Ln2y-1¢3)3-fILCL)-L{2Y] _ nu(Edo'f
L, = ——"- "~ === = - = {rem)
=z Kz Kz 1

f o -oo'th | L) - 1(3) (o
oth - L(L) To( T A

whp“e, k1 and kK2 are calltratlon constants To cuhvel L *he
luminescence inTe the dose equivalert arnd I 1s the frac-
tior effected by ilrneldernt Thermal neutron backscattered
to the TLD(2), that ‘¢ albedo-rate of thermal neutron.
Trus, 1t became possibleto evaluate sepavately fast
neutron, thermal neuatros and y-vay doses In the mixed
t‘;—;dLaTiLm Teld.
s neotron dosimeter was calibrated by Puls, O
arnd AmP neutron sources and paraffin phantom. :

RIOSULTS

xposing the B-ray dosimeter o the mlxed Iiteld where
F-ray and y-ray doses are kneown by caleociation, the dos
evaiualicn was praclilezlly Zene with The method dewcrwbod
azove. The results are given Iin Table 1.

An secern from Table 1, the larger the /v ratio, the
eva.uation precisicn for f-ray dose improve moere.  In the
rocvtin menitoring, we think that minimum detectable amount
of G-ray dose 1s abour 100 mrad.

The sersitivizty satio (L,/b,) Lo S-ray Delwecen TLD-1
and T1D-7 “rn B-ray dogimeter 1s shewn in Fig. b, usiug “he
varigus fZ-ray sodrvces. Sy this figuare, we are able to
obtair the infoymastlion on B-ray maxlmum enerpy and radio-
naclide.,

Uaehle 2 oshows comparlson beutween ersonnel monitoring
data and radiation dose rart @ Ty survey meler In plutonium
facilitlies. The rartio is almozst Lhe same, showing tha:
the rneutron evaluaticn metned 1s adeguate.  We tnink that
minimum detectable arcunt of neulron dose is llmrem feor
thermal neutron and ?0mrem Sor fast reutron in the routine

individual moritoring. - - - =
i A
Tabiec 7. Compariscn Detween per- -
sonnel RORITering data and radia- %
Tign Cusge rate Y
i, o
:
3
.
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MEAN AND INDIVIDUAL RADIATION EXFOSURES OF THE STAFF CF THE KARLSRUHE
NUCLEAR RESEARCH CENTER, 1969 - 1978

Winfried Kecelzer, Hans Kiefer

Safety Department, Xarlsruhe Nuclear Research fenter,
D-7500 KarTsruhe, Federal Republic of Germany

INTROOUCTLON

At the Karlsruhe Nuclear Research Center, radiation protection
monitoring of the staff by far exceeds the stipulations of the Radia-
tion Protection Ordinance of the Federal Republic of Germany. In order
to obtain an overall view of the radiation exposure of the staff due
to external radiation, for instance, not only occurationally exposed
workers, but all members of the staff are monitored with sclid state
dosimeters {glass dosimeters).

AVERAGE ANNUAL DOSE

The aggregate dose including natural background, measured between
1869 and 1978, amounts to 50 man-Sv. Calculating the average of the
annual radiation dose of 0.82 mSv received by persons not exposed
accupationally as natural external background, a radiation dose of
approximately 26 man-5v is ohtained in ten years, which is due to
handling radioactive substances and ionizing radiation at the
Karlsruhe Nuclear Research Center. This is an average annual occu-
pational dose to radiation workers of 1.6 mSv.

Cccupational external exposure follows a Togarithmic normal
distribution (Fig, 1). The line determined by the least squares fit
indicates an average radiation dosc due to accupational exposure of
1.59 mSv/a, which is in good agreement with the 1.6 mSv/a value cal-
culated from the total dose.

DOSE DISTRIBUTION OVER DIFFERENT WCORKING AREAS

A detailed insight into the radiation exposure of the staff is
obtained by an analysis of the annual dose distribution according to
individual areas of work. Table 1 very clearly shows that the members
of services responsible for the treatment and final conditioning of
radicactive waste - the waste treatment plant of the Karlsruhe Nuclear
Research Center handles not only the radicactive waste of the Research
Center proper but also that of two prototype nuclear power plants
{0,0, 50 MWe; LMFBR, 20 MWe) and a reprocessing plant {40 t/fa) - are
expased to 2 higher radiation burden. The staff working in these
services, although they make up but 5% of the total staff, received
42% of the whole occupational radiation dose over the years 1960 to
1978, 1t is not very surprising that the Heaith Physics staff rank
second on this 1ist - 2.2% of the staff, 8% of the dose - since this
group of persons always work in the very front line. Further details
are given in a recent paper (1).
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Fig. 1: Log-probability ptot of annual doses {without background)
Karlsruhe Nuclear Research Centre, 1969-1978

Table 1. Percent of dose and staff for different areas,
Karisruhe Nuclear Research Center, 1969-1978

Occ. dose
Working area man-Sv Percent | Percent Dose
1969-1g978 | ©f dose } of staff Staff

-

COOPrmaND

Waste Handling a2
Health Physics
Cyclotron
Reactor
Chemistry
Supply Service
Physics
Biology

Other

UhNNBRO
wP@RRO R

-

8
5
22
16
5
2
0
0

RO RO LN 0
oD@ O
[ Y=F-F- RPN TFLY.
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ANALYSIS OF DOSES > 15 mSv/a

Analysis of all data for the decade from 1969 to 1978 indicates
& number of 25,578 persons monitored by personnel dosimeters at the
Karlsruhe Nugclear Research Center, 1903 cases had doses higher than
5 mSv/a, and only 348 cases had doses above 15 mSv/a. This means that,
under the Radiation Protection Ordinance, only 6.4 % of the total
staff of the Karlsruhe Kuclear Research Center would have to be clas-
sified as uccupationalty exposed persons, 5.2% of them falling under
category B - annua?l dose, 5 to 15 mSv - and 1.2% falling under cate-
groy A - annual dose, > 15 mSv.

The 349 cases of doses higher than 15 mSv/a in the period 15639
to 1978 are distributed over 124 individuals (see Fig, 2). On the
average, these individuals were employed at the Xarlsruhe Nuclear Re-
search Center for 7.7 years. The mean annual occupational dose to
these individuals amounts to 12.7 mSv. The highest average annual
dose to anyore of these persons was 33 mSv {monitoring period:

5 years). In 19 cases involving 12 persons, annual doses were higher
than 50 mSv, with a maximum of 68 mSv, Most of these cases ocgurred
in 1972/73 during intervention and repair work at the facility for
handling 1iquid radicactive wastes.
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Fig. 2: Ratio persons to cases with exposure > 15mSv/a
as & function of years of accupation,
Karlsruhe Nuclear Research Center, 1965-1978
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DATA OF BODY COUNTER AND LUNG COUNTER MEASUREMENTS

In addition to extensive personnel dosimetry a1l persons handling
unsealed radioactive meaterials are monitored on & routine basis at
six months intervals as the minimum either in the whole body counter
or lung counter or by excretion measurements for incorporations. In
the decade between 1969 and 1978, a total of 24,012 persons of the
Karlsruhe Nuclear Research Center were monitored for incorporation in
the body counter and the lunhyg counter, Including multiple recordings
in successive measurements, incorporations were found in 1628 persons.
This is B.B% of all persons measured. This figure incluces the staff
of two experimental nuclear power stations and the reprocessing plant,
These facilities are Tocated on the premises of the Karlsruhe Nuclear
Research Center, but operated by independent companies. The 1628 mea-
surements with positive findings yielded a total of 2147 incorpora-
tions (incorporations of one or more nuclides), Cs~137, Co-60, Ru-106/
Rh-106, Co-58, 1-131 and Mn-53 make up 99% and are the most frequent
radionuclides in body counter measurements, In 96% of all cases the
activity incorporated was below 1% of the MPBB values specified by
ICRP {ICRP Publication 2}, Only in five cases values above 1G0% “PBB
were recorded, Incorporation monitoring by excretion analysis is per-
formed by the Medical Department. Results have been published in a
recent vaper {2).

The radipactivity incorporated is not routinely converted irto
the body dose and added to the personnel dose determined by personnel
desimeters, since this is not generally required under the Radiation
Protection Ordinance of the Federal Repuplic of Germeny. However, it
is evident from the data given that the dose statistics descriped in
the preceding chapter is not substantiailly altered by an inclusion of
the values of these measurements.

CONCLUSICN

Our experience in radiation protection and monitoring at the
Karisruhe Nuclear Research Center and the data presented can be sum-
marized as follows:

- ICRP recommendations on dose eguivalent limits for workers are met
in general.

- The average annual occupational exposure of radiation workers is
remarkably Tow, 1.6 mSv.

- Thoe number of persons with annual exposures > 15 mSv is about 1.
Only a few of these individuals exceeded the 1L mSv/a value re-
peatedly over the decade 1969 - 1978.

t. Keelzer, W. {1979): 1AEA/NEA-Symp., Los Angeles, %18-22 June '979,
paper IAEA-SM-242/04

2. Schieferdecker, H. {1979): Kf¥X 2799 B, July 1979, ¥ernforssh -
zentrum Karlsruhe
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VERSONNREL HAZARDS FROM MEDICAL ELECTHON ACCELERATOR PHUTONEUTHGNS*
R. C. McCall, T. M. Jenkins, R. A. Shore and P. D. LaRiviere™
Sranferd Linear Accelerater Center, CA, U.S.A. and Variau Associates”
INTRODLCTION

For medical accelerators, ncutron penefration through the roem en-—
try door is the major personnel hazard., Most therapy accelerater rooms
are designed with at least a rudimentary maze to avoid the use of mas-
sive doors. Often, hewever, the maze mav be similar to these shown o
Fig. 1. In ¥ig. 1, scale outline drawings of sope madical electran
accelerator rooms are shown where the authors have made reutron measure—
ments outside the doors which were of different thicknesses and com-—
pesitions. The results are tabulated in Table T, Ic should he poted
that there can he significant dose equivalents (H) at the door when a
maze [s inadequate, and thar all three components - Yast neutron, ther-—
mal neutron, and neatron cagture Y-ravs - can be cgually important.
Also, these capture y—rays are wvery penetvating; (TVL = 5-7 cm ol lead).
SL¥PiE METHODS CF CALCULATING MAZE EFFECTIVENESS

For a good review of nmeutron penctraticn of mazes, the authors
sugpest Chapter 4 by Selph of Ref. . Most cof the cxtensive work on
Tazes is rot directly applicable to medical electron ancelerators,
however, for various recasans. Monte Carlo or albedo computer calcou-
Ltetions have heen shown to correctly calculate neutron maze penetration.

We have explored several simpler metheds of predicting aneutron
penetratlon of a maze which do not velwv upon computer ¢odes ar diffi-
cuit caleculations. Methed 1 is an alkeds method based upon the work
of French and Wells (2), and is described as follows: On a roomx
drawing, the porticn of the walls, floor and ceiling that could be
directly irvadiated by peutrons from the accelerator, and then scatter
the weuktron dircetliy to the door, are oatlined, and thelr areas deter—
nized. An effertive center, P, is chosen for each. The ircident and
reflected arngles are measured from these points. Next, the dose albedo

0 P qeaed s e i
ag (2), is used; ag = a{E,) cosci ‘0, cos & Eqg. 1

where 9, and # are the incident and reflecred angles, respectively,
meqssured fromw the rormal to the wall. For kthe range of neuatron spec—
tra from medical acceleratorz, a single value for alkE,y)} of 3011 can be
used {for cencrete.  Next, H is assumed to propagate according to the
Laverse syuare law for the distances, Ja and db, from the accelerator
source fo P and Trom P oto the door, raspectively. H oat the door then
Is the swe of the adividual contributions from gach of the n illarin-

ated areas; that is, no An g
o= o o—- i Eg. 2
1 Raj b3 4

where I 1s the dose equivalent at 1 meter from the source, Ay is the

aresz of tho nth shaded wall, and a4 (% the dose albedo trom Hg. 1 above.
Method 2 is one due to Kersev (3) which appears to be an empirical

sciution “ased on his weasurements of several roons.  The details are

given in Refl. 3; essentially he calcualates neutron H ousing inverse

squares at a nld-zoint in the maze which can 'see’ the source, and

then apnlies a maze attenuation bascd ¢n the ceater Jinc lenptin of the

maze and a value of 5 oeters of maze leugth {irrespestive of bends) to

reduace H by a factor of 10, That is;

Hy  Rn/2.17

PR LA

. . Rat

I + ain o . . - -

WOorK supgorted by the Department of Znergy under contract number

DE-ACO3-765F00515.

H = Eg. 3

*
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where Ba and Bb are giwven in neters,
Fethod 3 is based on the “cookbook' approach of McCall, et al (4)
and more exact calculations which show that most of the neutrons at a
dunr have scattered from the wall directly opposite [t. In essence,
the nuchar of neutrons entering a maze s caleulated hy the cookbook
method.,  The area of the marze entrance is determined by the shaded
wall (A' in ¥ig. 2), and a current albeda, a,, from Fig. 7.9 of Ref. 4,
iz used. These reflected neutrons then are ﬁropagaLed down the maze
according to inverse square, and the resulting current illuminates the
cross scetional area at the emd ol the maze (A" in Fig. ?). The re-
sulting flueace is then converted to dose equivalent. That is;g
s
A" x a At
Ra'’ wbh<

T

L

where 3, Is the fluence at a meter from the source, € Is the fiuence-
factor and Ra' is the distance from
entrance. From Rel. 4, the averave energy of the scat-
tered neurrons at the deor is about 100 keV, which implies a value for
C of 2.4 x%10° nfemi-rem.

Though there are many assumptions in the above three methods that
arc diffilcult to deferd from a physics  standveict, they do give
reasonable answers as shown in Table I0 where the results are corvpared
with measurements.  For overall accuracy, wethods 1 oand 3 would seem
L be the hast cholices.

THEROVING EXISTING MAZKS

The simplest solution for improving an existing maze is to add
shielding to a door., HNeutrons at the door will be attecnuated by poly-
cthylens with a dese equivalent TVL of about 4 em.  The outer portion
should be borated to capture thernsl ueutvons.  However, this will have
little effect on capture ¥-ravs which contributed ahout 1/3rd of the
total dose cutside the doors of the roems in Fig. 1.

Another solution is ¢o improve a maze. From measurements made at
the door of Tip. 2, we have found that aii compenents of H were pro-
portioral to the area of the mazce entrance, i.e., 0-0. Once an accel-
erator is installed, a mare eptrance can be reduced in size by hand-
stacked shielding to that necessary for bringing in patientis.

A third solution s to add a second hvdrogenous door in the maze,
je is shown in Fig. 2 where a 5 om polvethvlene door was added
as an internal maze. This arrangerent gave reductions in H to 0,12 for
theramz! plus fast oeutrons and 0.36 for capture Y-rays for a total
reduction in H to 193,

Adding a door such that it extends the maze wall, dSut is il lumin-
ated by the source is only about 30% as effective as addiag the door
across the maze where it is shadowed from the source by the maze wall,
such as the doors shown in Fig. 2.

EXCES

to-dose eqguivalent conwersion
source ko ma

(1273} In: Reactour Shieidivg for Noclear Fnglneers,

e, N.Mo, EdL, T8, Atomie Enerpy Oonvvission.

2. French, #.L. and Wells, M.B. (1964Y: Xucl. Sci. & ¥ng., 19, 441,

a. Kersey, R.W.: "The Hstimation of Neutron and Gamma Radiation
Doses in the Entrance Maze for 51-75-20 Treatment Rooms,"
Tublication 1127, M.L.L., Crawley, Fogland.

A, ¥elall, R.C., Jenkins, T.M. and Shore, R.A. (1979): IEEE Trans.
Fuel. Sci. NS-26 #1, 1593,
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INVESTIGATION LEVELS OF RADIOISOTOPES IN THE BODY AND IN URINE.
CONSEQUENCES OF THE RECEKT RECOMMENDATIORS ON THE ANWNUAL LIMITS OF
INTAKE

Y. Shamai, M. Tirkel and T. Schlecinger

Soreq Nuclear Resecarch Centre, Yavoe, Israel

The recommendations of Committee 2 of the International Commis-—
sion on Radiological Protection {ICKP} concerning annual limits of
intake (ALl1) for workera {1} have recently been published. These
limity differ in many cases from the maximum permissible annual in-
take (MPAI) recommended previously by the same committee {2,3). The
new reconmendations directly Influence the derived health physies
parameters, such as the acceptable total body burden and concentra-—
tions of radioisotepes in the urine.

Radivactivity in the body can be monitored routinely either by
whole body counting or indirectly by urine analysis. Thus the
monitering laboratories have to know the relation between the activi-
ty in the urine or the body and the committed dese for calculating
the latter from thelr measurements.

The activity of a radicelement din the body at any time t after
intake of a unit of aetivity is given hy its retention R(t):

& = g {_'1 ‘_" z - - .t
R{t) F. expi At)%ii%Bij exp( llj )

1 1ty

where Fy is the coefficient expressing the fraction of the intake
transferred to the transfer compartment; Ajp are coecfficients
expressing the fractions transferred from the transfer compartment
to the i-th organ; Bi; are the cocfficients of the linear combina-
tion of exponentials with decay constants Aj4 representing the
retention in the i-th ergan (1,4} and i is t%e physical decay
constant.

The amount of activity U(t} excreted in the urine at any time t
after the intake of a unit of activity, is glven by the [irst deriva-
tive of the biological retention function, multiplied by Fy the
fraction of the excretion that is excreted threugh the urine {3,5}):

Uit} = Fl Fu exp(*At)iAiglijBij exp(—hijt)
When the decay constants i are expressed in days'1 ther U{t) is the
daily excretion. The average daily urine volume is 1.4 liters (5);
thus division by 1.4 yields the concentration of the radiocelement
per liter.

The investigation level at any time t after intake was defined
as the concentration of activity in the urine arising from an intake
of 1/20 of an ALY (3). An analeogous definition is used here for the
total body investigation level. A computer code was written which
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receives as input the varicus coefficients Fy,F ,A{,Bfi,4;:,% and the
ALT {1,4) and calculates the investigation levels. Tables™1 and 2
list the investipation levels in the body and the urine of a few
commonly used radicisotopes, as a function of time after ingestion.
Different tables should be used for the case of inhalation.

TASLE 1. Total hedy investigation levels as a function of time after
ingestion.

Investigation level {(uCi)

Chemical - _ - .
days after ipgestion
form

Tsotope Crgan

3 7 30 60
2244 T.D.* 14 12 4.0 0.97
Loy T.H. 0.51 2.2-1073 - -
sler T.B. Trivalent 9,1 6.5 2.0 0.73
T.B. Hexavalent a1 65 20 7.3
57Cn T.B. lonnrganic 8.4 6.5 3.3 2.5
T.R. Orpanic 26 20 10 7.9
5igo T.R. Inorganic 0.52 0.41 0.22 0.18
T.8. Orpanic 1.2 0.92 0.50 0.40
39Fe T.8. 3.9 3.6 2.5 1.6
Ebzn T.B. 8.5 8.1 6.5 5.3
5/Ga T.B. 0.17 0.056 0.19.1073 -
ERETS T.B. Elemental 5.4 4.2 2.1 1.]
T.B. Inorganic 30 23 11 6.2
My T.B. Sulfide 1.1 0.39 0.96.1073 -
T.R. Other 27 9.4 0.023 9,0.10-%
UL T.B. 0.66 3.5.10°6 - -
125¢ Thyroid 0.39 0.36 0.25 0.16
12l Thyroid 0.31 0.21 0.026 1.7.10-3
37es T.H. 5.0 4.7 4.0 3.3
Lt Ga L.L.T.% 3.2.1073 3,2.1073 3.0.1073 2.8.10°3
£2bRy B.5.% 4.8-10°% 2,9.1073 1.5-10-3 1.2-10°3
2327h B.S. 7.3.10°0 7.3-10°% 7.2-10°6 7.2-10°6
238 B.S. Hexavalent 13-10-3  9.6.1073 3.4-1073 1.6-1073
T.B. Tetravalent 7.2-10°3 5.4-1073 1.9-10-2 0.9-10-3
23%py R.S. 24-10"%  24-10"%  24-10-6  24.10-6
24l p B.S. 30-10-6  30-10-6  30.10°%  30.10-6
T.5. = total bady; B.$. = bone surface; L.L.T. = lower large
intestine

The following assumptions are Inherent in the calculations:
a) The activity build-up time in the organs is assumed to be
negligible compared to the decay time. Since the exponential
approximation is In any case too crude to use for calculations
for the first day no attempt was made to Insert the build-up
effect in the calculations, ‘herefore, this calculation should
not be used for the first day.
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b) The urinary excretien fractien F; is taken as onme constant for all
organs and at any time.
approximations into the computer code when more hiological informa-
tion is avallable.

The computer code and Tables 1 and 2
urine and the body arising from an intake
In the future

particular committed dose.

and reutines to reverse the procedure and
dase from a measnred activity.

TAKLE 2. Investipation level in urine as
ingestion.
Isotope Organ Chizi;al
n 1.8, water
2Zpg T.B.
3Zp T.D.
33 L.L.I. Elemental
T.8. Other
3601 1.8.
42g T.B.
“Sga T.8.
Slep T.B. Trivalent
T.B. Hexavalent
5Tcg T.B. Imorganic
T.8. Organic
63cg T.8. Inorganic
T.B. Organic
657Zn T.3.
£7Ga T.B. _
758e T.B. Elemental
. T.B. Inorganic
CEES o T.B. Tltanate
T.E. Orher
905 T.B. Titanato
3.5, Other
33Mp T.H. Sulfide
T.H. Qther
A3Mre T.B.
1251 Thyroid
Lalp Thyrotd
137Cs T.B.
20811 T.B.
225Ra B.S.
7By R.S. Hexavalent
T.R.

give the

It will be possible to Insert better

levels in the

that corresponds to a

wea shall

use the same tables

calculate the committed

a function of time after

Investigation level (uCi)

3

81
0.46
0.49
0.37
4.3
3.3

7.1-10~3

.32

.21

.1

.37

1

.023

.052

014

2.2-1073
0.12
0.67
0.021
0,42

2.7-1073

4.8-10°3
0.010
0.24
0.074

3.2-10"3

2.6-1073
0.055
0.87

32-10-6

OO 0O~ MO O

0.18°1074

Terravalent 0.1.1073

(]

Jﬂé§§—;fter iﬂggstion

7

62
0.39
0.18
0.068
1.7
2.5

31.10°6
0.12
0.11
1.1
0.17
0.52
0.01
0.024
0.012

0.6« 103
0.039
0.21

5.6-1072
g.11

0.76-1073

1.3°10°3

2.1-10™3
0.051

0.8-10"3

0.46-10"3
0.026

30 60
12 1.6
0.13 0.032
0.017 1.3.-10°3

0.50 0.063
0.024 8.,1-10°3
8.2-10"3 1,7.10-3
0.082 0.017
0.019 6.0-1073
0.058 0.019

1.2-1073 0.42-10-3
2.810-3 0.96-107°3
6.0-10~3 2.9-1073
0.8-10"5 -
9.3-10"3% 3.2-1073
0.05 0.017

0.32-10-3 0.11-10"3
6.4-10-3 2,2.10-3
55.10-6 27.10-6
0.1+10°° 47-19°8
5.0-10-% -
0.12-16-3 -~

0.54-1073 0.34-1073
37.1076  3.7-10°6

0.Ul% 0.012
0.059 .0-10-3
g.6-10-6 0,3.1076

3
0
16:10°6  4.3-10°6
8.9-10"6 2.4-10-6
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HEALTH PHYSICS DGCUMENTATION

Gottfried Stdblein

Safety Department, Karlsruhe Wuclear Research Center,
D-7500 Karisruhe, Federal Republic of Germany

When dealing with radioactive material the health physicist
gets innumerable papers and documents within the field of researching,
prosecuting, organizing and justifying radiological protection.

One group of documentation comprises the description and pubti-
cation of scientific experiences. It is used to give directions and
obligations to health physics in internatfional recommendations, natio-
nal ordinances and standards.

On the other hand 2 lot of measurements are registered in order
to prove the functioning of radiological protection itself.

Decisions when comparing scientific documentation with measured
values still produce more papers.

Book-keeping and storage of radioactive and fissile materials
cause more reports on stock, balance and modifications.

In consequence the German Radiological Protection Ordinance
reguires fram the 1licensee the following written documentation:

- license to handle radigactive material

- appointment of responsible persons

- radiclogical protection directions

- accident prevention

- instruction of exposed persons

- measurement results: personal dose
air
water
environment

- medical supervisian

- radiation passport

- functional tests of radiation menitoring instruments

- inventory of radicactive material

201



Some figures of the Karlsruhe Nuclear Research Center as an example:

Fixed data
occupied persons 4 GO0
occupational-expased persons 2 500
health physics experts 15C
registrars 10
institutes 40
atomic energy act licenses 300
fissile material balance areas 10

Annual amounts

scientific pubiications in the field

of health physics 70
measurements:
survey of persons - dosimeter exploitations 40 D00
- incorporation centrols 5 000
working areas - wiping tests 500 000
- contamination controls 175 000
environment - waste water 16 DOO
- other activity
measurements 45 000
book-keeping reports 2 500
Sum data per year 108

Gn the whole radioiogical protection has to cope with

106 data per year = 5 000 data per working day
= 500 data per hour
= 50 data per hour and expert

1 datum per minute and expert
The result af all data concerning occupational-exposed persans is

only 7 exceedings of personal dose limits
or 200 pecultarities {= > 1.5 remfa} within 10 years.

Al data have to be recorded according to law.

Personal dose 30 years
radiation passport during the whole professional life
material referred measurenments 5 years

The necessity of keeping these values should be examined
and all registration should be clearly arranged.

202



As a good motivation for health physics documentation we assume

- distribution of health physics experiences
- check of an positive result of a planned operation
- responsibility for the public.

As a bad motivation for documentation we assume

- demonstration of work
Justification of cost

- uncertainty of measurement results
- potitical reasons

More than 95 % of all data are useless and will never be used again
according to the following decisions:

- Is the measurement correctily made?
- Is a dose limit exceeded?
- Did radiological protection function?

Health physics need more confidence in expert decisions.

By contrentation of

tonger periods of time
collective dose
risk areas

individual data can be omitted.

Modern administration technics are a'real help, i.e.

- office machinery
- computer documentation
~ microfiims.

In the Karlsruhe Nuclear Research Center data of personai dosimetry
are already dealt with by computer documentation, for material refer-
red values this will be provided in the near future.

Summary:

- Health physics are practical work

- We cannot do without an accompanying documentation

- The scope of nowadays' used documentations could be
reduced by critical selection

- documentation is an instrument not a justification of the
heailth physicist.
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AKALYSIS OF MEDJCAL QCCUPATIONAL EXPOSURE TO IONIZING RADIATION ON
TAIWAN DURING PAST TWO DECADES

Pap-Shan Weng and Shu-Ying Li

Health Physics Division, National Tsing Hua Univeristy, Hsinchu,
Taiwan 300, Republic of China

Analysis uf the data was obtained from the very inception of the
centralized laboratory for personnel desimetry service operated by the
National Tsing Hua University on Taiwan of Republic of China from 1960
to 1979 for the yearly occupational exposure to ionizing radiation.
During the 20 yr monitoring period, analysis was performed with re-
ference to (1} medical occupational exposure, {2} maximum and average
yearly dosc-equivalent, (3) range of dose-equivalent, (4) percentage
of maxmium permissible dose-equivalent, {3} number of workers inclu-
ding sex and age, {6) detailed quarterly analysis for the years 1977
1979, (7} types of radiation sources, {8} estimation of genetically
significant dose-equivalent, and {9} estimation of marrow and leuke-
mia significant dose-equivalents.

ESTIMATION OF GENETICALLY SIGNIFICANT DOSE-EQUIVALENT
The genetically significant dose-equivalent {GSD) can be calcula-
ted with the following formula:

) E [FJ (F) [F) (M, 0 00
o - SED NmOR C:ﬂ o
Lo P i h
K (Nk Wk Nk hk 1

where

annual genetically significant dose.
(| = number of individuals of age-class k, subjected to class j
J exposure, i.e., either radiographic or fluorogranhic X ex-
posure or other sources.
total nimber of individuals of age-class k.
‘1 future number of children expected by an exposed individual
J of age-class k subsequent to a class j exposure.
Wk = future number of children expected by an average individual
of age-class k.
djk = gonad dose per class j exposure of an individual eof age-

o

=
I

class k.
{F) = female,
(M) = male.

ESTIMATION OF MARROW DOSE AND LEUKEMIA SIGNIFICANT DOSE-EQUIVALENT

The leukemia significant dose-equivalent (LSD) estimated here was
calculated according to a weighting factor. This factor takes into
account the shape of the time-incidence curve of radiation-induced -
leukemia, and the survival statistics for the various age groups in
the population. The data for this factor were obtained from the leuk-
emia incidence among the Hiroshima A-bomb survivors located within
3500 m from the hypocenter at the time of the bomb (1).
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The population mean marrow dose equivalent and the leukemia dose-
equivalent are calculated by the following formulas;

YN d LN AL
- k.Jk RS L L.
Dp _l__f_%fm” oo By I N 2)
I k k k
wheTte
Dp = population mean marrow dose-equivalent {(MD).
Dy = leukemia signigicant dose-equivalent.
Lo = significant factor of leukemia incidence for anaverage indi-
J vidual of age-class k, subjected to a class j exposure.
djk = mean bone-marrow dose-equivalent per class j exposure of an

individual of age-class k.

Jones (2) has made measurements with a phantom of the dosc Tecei-
ved by critical body organs relative to the exposure at the conven-
tional positien of a personal dosimeter. His experimental results
were used to calculate the GSD and LSD.

The average expected children census data released by our Na-
tional Health Administration are that for age 18~ 45 yr, the averagc
expected children are 2.30 for both sexes, and for age above 45 yr,
the average cxpected children are 0.015 for both sexes.

RESULTS AND BISCUSSION

The distribution of Tsing Hua film badge users in each county or
city is shown in Fiy.l where the numeric mumhers indicate the number
of hospitals or clinics being monitored. The results of film badge
monitoring expressed in terms of the ranges of dosc-equivalents in
uSv's ve. number of personnel monitored during the past two decades
(1960 ~1979) are shown in Fig.Z; the majority is in the undetectable
range whether they are in diagnostic radiology (DR}, radiotherapy (RT),
or nuclear medicine (NM). Taking into account the average expected
children for an average individual of age-class k subjected to a class
j exposure and the critical body ~—gan dose-equivalent relative to the
exposure of film badge, we obtain .he GSD by Eq.({1) and the results of
calculation are shown in Fig.3. The LSD is shown in Fig.4 by Eq.(2)
where the MMD is not shown but it differs from LSI} by a weighting
factor. The average annual dose-equivalents of all personnel being
monitored are shown in TFig.5 and the maximum dose-equivalents for an
individual ever detected are shown in Fig.0. Some of the results are
not shown in the figures such as sex of workers, detailed quarterly
analysis for the vears 1977 +1979, and the percentage of maximm per-
missible dose-equivalent due to space limit and next in importance.
The types of radiation source arc mainly 602 %}a nost%ﬁ X-rays (75w
250 kVp), 13 60Co units, a few LINAC's, and 131 [c ds the main
radivisotopes.

The dose-ecuivalents recorded hy some of our film badges at the
early period such as in the ycars of 1964 and 1968 in diagnostic radi-
ology are questionable due to the uncertainty in dosc eyaluatlon at
very high dose level. It happened that a few minor incidents accurred
during those years. A good indication over the last decade was that‘
the incidents of over-exposure were reduced though the number of radi-
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ation workers ilncreased rapidly. Ancther gooo indicatien over the
jast 8 ¥vr owas that the average vear dose-equivalent received by all
medicn]l radiation workers was decressing ang well below L/UD of the
meximp pernissible dose equivalent.

'n vontrast to other countries experience, fTemales werc less than
10% of the totaul number of radiation workers monitored.  The maiority
of radiation workers 1s in the ages 18443, It is noted that =ignifi
cant high caposure werc fourd among diapgrostic radiology. Radic-
cutlc personnel were sccornd,
Ihe annual GSN oand L&D were decreased though the twaber of radi
ation workers meritored increused every vear. This mav be attriby
table to the inplementaticn of a ratiorwide trainirg pregram en radia-
ticn protection for all radiation werkers in the Republic of (hina.
Bach session on the training course is formulated for one week and
several courses wre held by the jcint efforts of the Atemic Energy
Cowncil ard the Nutional fealth Administration every year. In addi-
tion, the promulgation of medica] rudiaticn contrel regulation in Fe-
bruary 1973 and eracted thereafter may also be an important factaor to
reduce the exposure.

s
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RTSK RATTOS FOR USE TX ESTATLISITHG DOSE LIMTTESE POR OCCUlNA=
TIONAL LEXPOSURE TO RADTATLIOX

P.E. Metcalf, D.C. Winkler

Licensing Pranch, AlLomic Energy Woard, Pretoria,
South Africa

1. Introducikbion

ne Function of the Licensing Dranch of the South
African Alomic Encrgy Beard is to eslablish anthorised
limits for occcupabional exposurce to radiation incurred at
nuclear installations.  The appreach adopted vo establish
these limits has been desceribed previously by “iinkler and
Simpson (1), Dricefly, this involves an investigation of
fatality rates c.pericnced o South African industry In
order to determine a represcntative average industrial
fatality risk. From these investigalions and considera=
tions of future trends an averase lovel of risk has been
selected on which to base limits For occupstional exposure.
This level of risk combined with an appropriate risk
coefficient enables one to determine an average annual dose
limit.

Figurce 1. Average Fatal Accident Rale 1965 = 1970
Industrial Clasws Averase Annual Fatalitly
Apriculture and lorestry 3,23 F=-04
Vishine 2,33 F-03
Mining ,315 F-04
Building and Construction 7,68  F-04
Food, Trinks, Tohacco 2,27 E-04
Textile 2,87 E-035
wWood 3,90 E-04
Printing, Papcr 7,30 E-04
Chemicals 2,49 F-0D4
Leather 1,75 L-03
(lass, Bricks, Tiles 3,42 LE-Q4
lron, Stcel 2,231 E-04
Diamonds, Asbestos 2,057 E-04
Trade, Commerce 1,73 E-04
Banking, linaunce, TInsurance 6,75 E-035
Transport 1,00 E-03
Local Authorities 4,55 F-04
Personal Services 5,70 E-04%
Fntertainment, Sporl 1,52 E-04
Professional Services 4,25 FE-05
Medical Services 4,75 E-035
Educational Secrvices 1,34 F-04
Charitable, Religious 1,15 E-04
Trade Organisations

TOTAL 1,03 L-04



It was recognigsed that studies of industrial fatality
rates, as illustrated in Figure !, do not provide informa=
tion on possibly elevated levels of risk experienced by an
individual or subgroup within a given occuprtion. It was
decided therefore Lo conduct an investigation of industrial
fatality rates in an attempt to identify the extent to
which the risk of fatalivy for a given occupation e.g.
electricians, varies Lhroughout industry. From this inves=
tigation a ratio of maximum to average occupetional fatali=
ty risk representative of industry in South Africa was de=
rived.

i‘aving estal:lished an average annual dose limit the
risk ratio can be used to establish a maximum individual
annual dose limit. The averagce annual dose limit would be
applicable to the occupationally exposed population of a
parbicular installation whilst the maximum limit would be
applicable to individual employees on an annual basis., This
papcr describes the results of initial investigations con=
ducted thus far.

2. Sources of Tata

A report on accident statistics is issued annually by
the Workmen's Compensalion Commission of South Africa. Al=
though this reports [atality rates by industry rather ihan
by occupations, such information is stored in the Commis=
sion's data bank {2}, The sccond source of data utilired
was the Manpower Survey No 11 le?S)(}) issued by the South
African Gepartment of Labour,

A cursory examination of the data revealed only six occupa=
tions in which (atal accidents occured in six or more clas=
ses of industry in any one yecar. Figure 2 lists the parti=
cular cccupations and the number of industries in which
fatal accidents ovecurrced.

Figure 2. Occupations Selected Figure 3. Annual Deaths ol

for Investiration Elecctricians by Industry
Occupation Numbier of Tndus= Industry Average Number
trics Having Fatal of Deaths Annu=
Accidenis ally
Watchman 7 Mining 1,33
Foreman/Super=
vigsor 7 Building and
Construclion 2,67
Driver 13 Glass, Brick
Tiles 0,33
Labourer 19 Local Authorities 4,0
Electrician O Professional
Servicces 0,33
Fitter 8 South African Rail=
ways 2,0
Total 10,67

Although the two sources of data use different classifica=
tion systems it was possible to do a crosa correlaticon so
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as to ensure the proper matching of the two sets of data.

Dat.a on fatal accident rates taken from the Yorkmen's
Compensation Tata Bank werc available in sufricient detail
for the yecars 1971, 1972 and 1973, The data for these three
years was averaged and taken as representative of annual
occupational Ffatality rates. A typical example is shown
in Figure 3 which lists the average number of annual occu=
pPaticonual lalalities experienced by electricians in tihc
various classes of industry.

The data of industrial populations derived from the
Department of Lalbour manpower survey was tabulated for the
particular occupations in the industries concerned. Figure
4 shows the populations of clectricians by industries. It
is recognized that the population data was obtained for
1375 whilst the Tatality rates were obtained for the yvears
1971, 1972 and 1973i. lowcver, as the objective of the study
is to derive a ratio of eccupational risk throughout indus—=
iry, using thesge two scts of data is acceptable since the
ratio of persons cmployed in various occupstioral groups
t.hroughout the various industrial classes iLs not expectod
iuv vary apprecially over such a short time,

-

Pigure 4, Tndustrial Population VFigure 5. Annual Fatality

of Electricians Rates for Electricians
Industry Fopulation Industry Averapge Annu-=
al Fatality
Rate
Mining 4 253 Mining 3,13 E-04
Building and Con=
st.ruction 4 09 uilding and
construction 6,52 E-04
GClass Brick Tiles 58E Glass Brick
Tiles 5,81 E-04
Local Authoritics 3 942 Local Authori-
. tles 1,01 E-03
Professional Services 208 Professional
Servicos 1,549 FE-03
South African Railways 4 439 South African
Railwavs 4,49 E-04
All Industrics 32 000 All Industries 3,33 E-04

3. (Uccupalt.ional Fatality Rates

Fatality rates Tor the various occupstional groups e.g.
electricians, fitters etc., were derived for the industrial
classes using the threce year sverage fatality {igures and
the total induostrial population for Lhe particular occupa=
tional group. Figure 5 prescni.s an cxample of Lhe data, de=
tailing the average annnal fatality rate for the occupalio=
nal class electrician in the various industries chosen for
investigation. The industrial c¢lass with the highest fatili=
ty rate for a particular cccupation was identiiied as indi=
cated by an asterisk.



4. Results

The maximum and average ftatality rales experienced by
the various occuprtion groups arc tabulated together with
the populations involved and the ratios of maximum to ave=
rage fatality rates for cach occupation in Figure 0.

Figure 6. Fatalit Risk ates and Maximum tg Averase Ratios
Occupation Industrial Annuaf Annual risk ratio
Population mortalityMortality
ri sk il

Watchman 29 000 6,21x10'-4 7,83x1073 12,6
Forcman/Super= -4 -3

visor 64 000 1,41x10 -3 1,031!::10h3 713
Criver 105 QOO0 1,11x10 -1 2,72x10_ 2,45
Labourer 1 307 Q00 7,28x10 -4 5,32x10_3 7,34
Flect.rician 32 000 3, 33x10 -4 1,59%10 ¢ 4,77
Filter 40 000 2,06x10 7:33x10 27,6
q. Jiscugsion

ifaving derived ratios of maximum to averaze latality
rates for wvarious occupations within dilfecrent classes of
industry, a mcthod is nceded to combine the values in order
to ecslablish what ratio could be considered representative
of industry as a whole.

An examination of the wvalucs ubtained displays guite a
variation {rom 2,45 for drivers to 27,6 for fitters. Exami=
nation of {he data concerning the maximum risk groups, shows
the maximum risk rate for fitters was derived from a group
of only 43 persons in which only one fatality vecurred in
the three ycar period. The validity of this figure as heings
representat.ive of a maximum risk rate is LereForcqquesLionf
able, The sccond highest risk for Fitters 3,71x10 ° deaths
per person per year derived from a group of some 598 persons
is probably more representalive and results in a ratio of

29

Combining the ratios obtained hy simply Laking Lhe mcan
results in a value of 10, 34. The mean of the risk ratios
derived using the reduced valuce for the occupational group
of fitters results in a value §,06. T1f onc combines the
rat.los by deriving a weighted mean to take account ol the
working population, the resulting values are 7,55 and 7,15.
6. Conclusion

The study described appears to indicate that. a ratio
of 7 is representative of the maximum o average risk of
Falal accidents whithin industry in South Africa. A postu=
Lated interpretation of the result is that since persons in
a particular occupation move aboul in indusiry, apparently
accepting the variations in risk of incurring a fatal acci=
dent the occurence of similar ratios within onc industry
would presumably also be acceptable.

Refcrences Winkler B.C., Simpson D.M., Dose Limits Associ=
ated With Zuclear Tnstallations, Reglonal Conference on Ra=
dla%lOU Protectlcn (PPOL Coql Jerugglcm, E
oulh o nsalion mis 10
ﬁant Dgurv%?91 %?ZLfn §Z gk B Rar men ?

atal hcfi=_
Swer ries a cEél 9% 55
E pa iond A=

75
214



COMPARATISON DES QOUTS MARCTNAUX DE PROTECTION DANS LES CENTRALES
THERMIQUES CLASSIOUES ET NUULEATRES

oudiz A. ¥, Lochard J.™

x Association EGRATOM/CEA-DFr, Camiissariat 3 1'Energie Ataaigue,
BP N° 6, 92260 Fontenay-aux-Roses, France, »o Centre ¢'Etude sur
I'Bvaluation de la Protection dans ie Deraire Nucl&aire, BP N° 48,
92260 Fonternay-aux-Roses, France

L'cbjet de cette camunicatieon est d'évaluer les risques sani-
taires { pour le public } et les cofits de protection relatifs aux
centrales thermigques classiques et nucifaires, puis de les camarer.

L'EVALUATICN DES RISQUES SANITATRES ET DES COUTS

Dans le but de déterminer les cofits marginaux de protection,
ncus allons évaluer les risques et les colits dars des situations
corcrétes, autant que possible.

A - Le cas des centrales thermiques classigues

La création d'une zone dite de " orotection spéciale " contre
la pollution atmosphérigue dans la périphérie de Paris a entralné
depuis 1'année 1979 l'cbliwation de recourir 3 du fuel résiduel
&4 basse tereur en soufre ( BTS ) dans les centrales thermigues
entre le 15 Novembre et le 15 Mars [17} .

Pour les trois centrales concernées, Vitry-sur-Seine, Genne-
villiers et Sainc—Ouen, la quantité annuelle do cambustible BTS
{ 2% 5 ) consamée est de 220 OO0 tonnes environ; le restart de
1'année, 440 000 tonnes de fuel ordinaire sont briilées{ 3,5 5 ).

e surco®t annuel 1i& 3 1'emplol du fuel BTS est de 9,4 I06 F
(1878) [1] . _

L'impact en terme de v&ducticn de la mortalité anwuelle lide
& la polliution atmosphérique a &té quantifi® 4 l'aide de deux
medeles de relation exposition-risque. Cet impact a &t® calculé
sur l'agglamération parisienne, dont l'effectif est d'enwviron
7.106 habitants.

Il faut soculigner qu'il n'existe pas actuellement de relations
exposition-risque commeafment admises dars le damaine de 1la pollu-
tion atmosphérique par les oxydes de soufre et les poussiéres,

De nambreux auteurs cnt suggéré des relations dont avcure n'@chappe
en définitive 8 la controverse. Dans ccotte situation, il nous a paru
utile d'effectuer les calculs d l'aide de deur modéles Elabcrés

aux Etats-Unis ,conduisant d des résultats sensihlement différents,
afin d'illustrer le caractdre incertain de teiles évaluaticns.

a/ Le moddie de Liu et Yu [2]

L'&yation de base est la suivante :



M=xxI079 x exp {1,25—%§-L5-2—+-6}-exp {1,25—332-5*'-5—'2}
fond ford
avec Ccoﬂ a’ concentration anmuelle 50, de fond
o : concentration annuelle S05 ajoutfe par la centrale
M : mortalité annuelle supplémentaire attribuable 3 la
concentration ajoutée c©
N : effectif soumis 3 la concentration c.

Dans le cas présent, la concentration annuelle ajcutfe par les
centrales a €té calculée en nous fondant sur une &twde de diffusion
décrite dans 1'étude dy CEPN [2] . On trouve que la concentration
annuelle moyenne apmortfe par les centrales est d'environ 1 pq/rn3
sur la r&ion parisienne. ILa concentration de fond est d'environ
110 pg/m3 d'aprds [1] . La rortalité annuelle assccife aux trois
centrales ne bridlant que du fuel 2 3,5% S est, pour un effectif de
7.107 habitants : 4 morts/an. Le passage au cambustible BTS (2% S )
en hiver permet a'éviter 0,6 mort/an,

Un tel medéle implique que la mertalité est associée 4 la pollu-
tion atmosphérigue de fond, exprimée en meyenne annuelle.

b/ Le modele de Buehring et al, [2]

On peut supposer que la mortalité est imputable essentiellcment
a des pointes de pollution et qu'il existe un seuil en—Cdegd duquel
la mortalité est nulle, Dans le modéle 3 sewil considéré ici,
1'équation de base est F {1} = - 0,0404 + 76 1075 524 {i} avec

524(i) : concenrtration en 802 sur 24 h pour le jour 1 }m/r

F{i) ¢ fraction de la mortalité totale attendue au jour i qui est
associéc A 1'existence de S2 .
En nous fondant ici encore sur 1 étude [2] , nous trouavons
sans fuel BTS @ 10 moris/an
avec fuel BTS : 5 moris/an.
On constate que le redéle de Buehring conduit 3 des valeurs
sensiblament supfrieures,

¢/ Cofit marginagl dars les centrales thermiques classiques

Campte tenu des résultats proctdents, le colt de 1'effet évitd
cst situd entre 2,I06 F et 16,106 F,

B - Le cas des centrales nucléaires

L'Etude du CEPN [37] porite notarment sur un réacteur PWR de
1300 MHe situé en bordure de fleuve.

Le réacteur entraiverait, en 1l'absence de toute cotion de trai-
tement des effluents, une mortalité annuelle de G,18 mort/an. dotons
gue cette valeur ne refl2te pas le risgue sanitaire total 1ié au
réacteur dans la mesure ol 1'étude [3] ne calcule les effets que
dans un rayon de 100 km autour du réacteur. En réalité, cquatre
opticns de traitement sont applisuées : TEG ( stockage des efflud:
gazeux ), DR { traitement des drains + effluents chimdgques ; ,Bripil-
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geage des iodes }, LV { stockage effluents des laveries },

TABLEAU 1. Performances et colis du traitement des effluents radic-
actifs

Ontion Colt annualisé Nambre d'effets annuels
Gvrités par l'option

TEG 158 0,16
DR 740 0,01
BR 48 #£0
v 130 £0

Cn constate cu'aux deux options BR et LV, correspendent des
colts de l'effet évicé pratigquament infinis. Ceci tient au fait que
ces pptions ont &té introduites essentiellament dans un but de mi-
nimisation des &quivalents de dose regus par les individus du
groupe critique. Par contre, les deux autres options TEG et DR ont
une influence sur la ré&duction du risgue collectif, lequel passe
de §,I8 mort/an avant traitement, & 0,02 apré@s TEG et & Q,01 aprés
DR. On peut d&s lors considérer que le cofit du dernier effort de
protection collective est celui de DR, Le oolit marginal est donc de

1
l'ordre de 0,740 105

= IO.IO6 F/effet &vité en arron-
0,01

dissant.
COMPARATSON ET CONCLUSION

¥otons que ni la nmature, ni la gravité@ des affecticns liées aux
deux types de nuisances ne sont directement comparables et par
consfquent 1'indicateuwr de risque gagnerait certainement 3 étre
exprimé, oar exemple, en annfes de vie perdues plutdt qu'en morta-
1ité anmelle supplémentaire.

'I1 est cependant possible de proctder 4 une premilre compa-
raison des réscltars cbtenus plus hauat.

TARELEARU 2. Camparaison des risques et des colts

Centrales thermiquas au Centrale PWR
fuel 1370 MWe
production 2,8 TWh/an production 10,4 Twh/an

Risque résiduel

avant protection 4 - IO rorts/an 0,2 mort/an
Risque résiduel _ =
aprés protection 3,4 5 morts/an 0,005 (7} mort/an
Colt marginal de 2 - 16 TOSF/mort 70 10° F/mort Gvité
protection L

evitE
Coft anmualisé 9,4.10% F/an 1,1,106 F/an

de protection




Campte tenu des incertitudes associfes aux &valuations des colits
et des risques, le tableau précident suggtre essentiel lament que le
risgie sanitaire et le oolit annualisé de protection par XWh nroduit
sont plus élevés dans les centrales au fuel.

La camparaison entraine des conclusions moins nettes pour los
coiits marginaux de protection, A& causc des incertitudes. 81 1'on

fixait le budget total de proteclion [ fuel + nucléaire ) au
niveau actuel, le prircipe d'égalisation des colits marginaux de pro-
tection conduirait A un {ransfert de ressources de protection du
nucléaire vers le fuel. Si 1'on devait #&wvaluer le budget total
de protecticon, la situation serait indéterminBe : on pourralt aussi
bien accroitre le budget total afin que le collt marginal de pro—
tection dans le secteur fuel rejoicne celui du nueléaire, ou bien
diminuver le budget total de sorte que le colt marginal dans le
nucléaire soit riduit au niveau existant dans le secteur fuel,

L'application d'un autre principe, cclui de 1'égalisation des
risgques sanitaires résiduels par unité d'énergie produlte, conduirait
{ pour des raisons on falt contingentes) d des conclusions iden-
Liques aux précédentes.
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EVALUATION QUANTITATIVE ET COMPARATIVE DES RISQUES
LIES AUX CENTRALES NUCLEAIRES

S. Vignes ™, J.C. Nénoft*, M. Bertin®

* Etectricité de France - Comité de Radioprotection
71, rue de Miromesnil - 75384 Paris Cedex 08 - France.
**Commissariat a I'Energie Atormique - Départerment de Protection
Bolte Postale n® 6 - 92260 Fontenay-aux-Aoses - France.

Malgré tfampleur des études sur !'évaluation du risque nuctéaire
ot 52 comparaison avec d'autres risques, e monde scientifigue et non
scientifiqus continue de s!intéresser a cette question, sans doute &
cause de |'extension envisagée du prograrmme de production d'énergie
dlorigine nucléaire. Il est certain que ces comparaisons ont servi plus
ou meins impliciterment de point de repére pour les experts chargés de
procoser les normes dlexposition. Mais en pratique, les industries
nuctéaires exposent {*homme & des doses bien inférieures aux limites
autorisées et il est utile de situer le risgue calculé correspondant parmi
les autres risques auxguels 1 'homme se trouve chague jour exposé.

BASES OE L'EVALUATION DU RISQUE

Rapceions que les organismes nationaux et internationaux autori-
sés, tels que la CIPR, ITUNSCEAR et e Comité BEIR, publient pé-
riodiquerrent des études, destineées soit & recommander des régles de
radioprotection, soit a faire le point des connaissances et & évaluer les
risques. Le caractére aldatoire des affections radicinduites retenues,
cancers ou anomalies génétiques, est reconnu par tous et un certain
consensus s'est dégage sur le cholx de | 'thypothése de la relation
lindaire entre dose et effet, La plupart des experts reconnaissent cepen-
dant que cette base de calcu! est majorante aux faibles doses, ia
surestimation du dommage pouvant étre de 2 a 4 selon certairs, voire
de 10 pour d'autres {1, 2 |.

Ltestimation moyenne du risque par mSv est actuelliement de
10 cas de cancers par million de personnes (sur {a durée de vie).
Lorsque la dose est répétitive {cas de 1'industrie nucléaire) |'estima-
tion est faite pour ta dose cumutée, en ne tenant pas compte du mode
de distribution de la dose dans le temps, ce qui améne en général un
coefficient de sécurité supplémentaire dans | 'évaluation.

Pour un travailleur en centrale nucléaire, par exemple, qui seraft
expozé de 18 & 65 ans & S mSv par an, et gui aurait ainsi cumuté en fin
de vie professionnelle 235 m3v, |z probabilité qu’il aurait de faire un
cancer du fait de | 'irradiation serait de 2,35X 107", 4 comparer a la
probabilité spontanéde, gui est actusltement supérieure & 2,2 X 107

Ceci signifie qu'une exposition professionnetie répétitive d'un
travaiileur & [a dose estimée cormmme 1a dose moyenne, aménerait théo-
riquerment & une augmentation de Ia probabilité qu'il aurait de mourir
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de cancer, dont ta |imite supérieure serait de 1%. It s'agit bien 1a,répé-
tons le, d'un calcul majarant, par suite des hypothéses de baseretenues.

CAS DES TAAVAILLEURS

Les risques auxquels les travailleurs sont exposés peuvent étre de
deux natures : soit des risques d'accident, se soldant par un handicap
a long terme ou paria mort, soit des risques de maladies specifiques
de |la profession, pouvant ou non conduire & la mort, a plus ou moins
bref délai. La comparaison peut etre établie selon plusieurs critéres,
parmi lesouels le critére du risque de mort annue! rapporté & un million
de travailleurs et celui du nombre d'années ou de jours de vie perdus.

Si I'on considere les risques de mort par accident des différentes
professions, on constate que la moyerne a E0F est 1égérement infé-
rieure a celle de 1'ensernible des industries et gue les accidents de
cause purement électrigue ne constituent gu'environ le quart de fa tota-
lit¢ (tak. 1) . Dans les centrales thermigues et nucléaires, la mort par
accident constitue um risaoue encore inférieur & la moyenne de toutes les
industries. Parmi celles-ci, 1es moins exposantes sont celles du tex-
tile et du vétement, les plus dangereuses étant celles des travaux
publics, des mines, des docks, de la péche en haute mer.

Four I'ensemole des accidents graves, I"3ge rmoyen de leur sur-
venue est aux alentours de 30 ans | aussi, que | 'accident soit mortel
au non, les ennées de vie perdues ou altérées sont-elles nombreuses.

I} peut en &tre tout autrement pour les maladies professionnelles,
dont la plupart demardent de nombreuses années paur se manifester.
Les risques spécifiques d'origine nuciéaire apoartiennent a cette caté-
gorie. Aussi pensons nous qu'il faille camparer ces risaues surtout
& ceux des autres maladies professionnelles.

E. Pochin a donné des valeurs de risques de mort inhérents a di-
verses professions, d'aorés des statistiques britannigues ou américai -
neg 3 1. Le risque théorique rucléaire demeure inférieur & celul constaté
dans dfautres professions (tab. 2) . Le risque de 'a silicose des mineurs
n'y est pas porté, or la prévalence de cette affection est estimée a
1 "heure actuelle, en France, de |1'ordre de B2 000 par million de mireurs.

J. Reissland a récermment proposé de baser la comparaison sur
le normbre de jours de vie perdus| 4 ]. Le risque encouru par le travait-
leur du nucléaire, exposé depuis ['age de 20 ans et durant 45 ans & la
rmoyenne de dose de 5 m3v par an, serait ainsi 20 fois inféricur a
celul du mineur.

CAS DE LA POPULATION

Quant & |'individu de la population, soumis en moyenne & ‘IO-?-nSv
par an du fait de |'énergie nucléaire, il recevrait en 70 ans 0,07 mSv
supplémentaire, ce qui se traduirait par un risque de cancer de 7 X 107
qui représenterait, environ, te trois mitlioniéme du risque spontané.
Pour une personne du groupe "critique", supposée exposée en continu
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3 ure dose maxirrale de 0,05 mSv par an, elle aurait ain_sﬂi ala fin de
sa vie un risque surajouté de mourir de cancer de 3,5X 10 7, soitenviron
le deux dixmilliéme du risque spantané. Approximativement,on pourrait
alors prévoir environ 1 mort annuel par cancer d au nucléaire dans la
popul ation frangaise et environ 1 cas tous fes tros ans, parmiles travail-
leurs, si ceux ci &taient 10000. Indépendamment du caractére spécutatif

TARLEAU 1. Comparaiscn des fréquences de maorts par accidents
professionnels (par million de travailleurs et par an) .

Moyenne toutes industries ~ 250 %
EDF (toutes causes) 190

" {origine électr. seule) 40
Véternent 16 (1968-72)
Papeterie et imprimerie 30 "
Textiles, cuirs et peaux 44 "
Metaux 115 "
Chimie 155 i
Agriculture 360 "
Carriéres a70 "
Bitiment et travaux publ ics 490 "
Mines = 500 "
Transport, manutention 540 n
Aviation civile =~ 1000 {1974)
Docks 1020
Chalutiers 1636

* accidents de trajet compris

TABLEAU 2. Exemples de risaues de cancers professionnels (morts
par million de travailleurs et par an en France et a | "Etranger) .

Professions Hisque locatis. descancers

Chaussure 130 fosses nasales

Bois {machines) 700 fosses nasales

Armiante (filage, ~ 3 000 pourmen, plévre

tissage,isolation)

Cadmium 14 Q00 prostate

Nicke! (raffinage) 6 600 - 15 500 | sinus et poumons
Nucléaire (an 2000) | 50 {théorique) |{cancersetieucémies

de ces cafculs, de tels résultats n'ont de sens que dans la mesure ol
ils sont comparés & tous les autres effets cancéragenes et mutagénes
de | 'environnement. Une tentative de comparaison est faite par les
recherches fondamentates sur la rad-équivalence des nuisances chimi-
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ques, qui doivent 8tre completées par fes enquétes épidémiologiques.
Celles-ci auraient permis de relever, par exermnple, a Londres, de 1948
a 1962, pius de 7000 ‘morts imputables & des accidents sigus de poltu-
tion soufrée et particulaire. Par contre, te nombre de décés qui serait
d a ta pollution chimique et particutaire de fond ne peut &tre évalué.
Par ailleurs, 'a poliution médicamenteuse provoque des morts en France
au normbre dtenviron 5 par mittion de personnes et par an.

TABLEAU 3. Comparaison de guelaues causes de mortalité en France
avec les risques théoriques.

Risque de mort Aisque indiv.jRisque calculé
Causes de mort 6 .
annuet {10 pers) retatif par mSy
Mortat ité (toutes) 10 500 1
Maladies (toutes) 9 500 0,9 s
Cancers totaux 2 300 0,22 10 s
Bronch - pulm, 400 3,8 . 10_3 2. 10_6
Leucémies 80 7.6 . 10_l 2. 10
Tebagisme 1 300 1,2 . 10_'2
Alcoolisme 400 3,8 . ‘IO_2
Accidents totaux 950 9. 104
' de la route 240 2,3, 10_3
Noyades &0 5,7 . 10_3
incendies 40 3.,8. 10_‘
Acc. médicaments 5 4,7 . ‘lO_4
Electrocution 4 3,8 . 10_5
Asphyxies {gaz) s 1 ~3 . 10_5
Foudre c,5 4,8 . 10_6
Chute d'avion = 0,02 = 1,9 ., 10

La camparaison @ des risques d'activités volantaires serait encore
plus frappante, comme a celui du tabac {1300 par million), &celui des
accidents en vacances (environ 180 par millionde personnes) et enpartie
a celui des accidents de la route {240 par mitlion}. Le risque inhérent a
la production d'étectricité d’origine nuctéaire en fonctionnement normat
reste hypothétique et de toute fagon négtigeable par rapport 2 tous les
autres risques auxquels 1'homme se trouve exposé dans le vie courante,
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RADIATION AND THE PERCEPTION OF RISK IN THE U.5.A.
John A. Hébert and Romald L. Kathren

Battelle Memorial Institute, Pacific Northwest Laboratories, Secattle,
WA and Richland, WA, U.S5.A.

A complete approach to radiation protection must take into
account perceived risk--the subjective judgment of the risk invelved
in the technology which may produce an exposure to radiation. The
necessity for Including consideration of perceived risk is briefly
outlined below.

Calculated risks, sometimes called objective risk estirmates, are
almost always associated with uncertainties and therefore usually
require subjective judgments about probabilities, consequences, and
thelir distributions. Gaps in knowledge about the technolopy and 1ts
impacts and interrelationships within the total environmental system
are often larpe, making evaluation of radioleogical consequences a
difficult and speculative art. Lack of specifle experience with a
technology makes assignment of probabilities especially difficult and
speculative. Multiplying these uncertainties makes their product even
mMOTE SUSPEct.

The point being made is not the obwious one, namely that risk
assessment 1s a challenging enterprize, but rather that the bases of
tisk calculations arc oftren founded on expert perceptions cf
technological hazards. Thus, when dealing with discrepancies between
"nerceived" versus 'calculated" risk, it is wvital to recall that more
correctly we are talking about "lay" versus "expert” perceptions of
tisk. To be sure, the basis on which each group forms perceptions
may be quite different, and that some appreaches may be more
defensible than others, but the two sets of perceptions probably obey
the same psychological laws since we are all human heings.

Understanding of the processes which control perceptions of risk
is largely lacking and research efferts are still onily in a formative
state, The notion of "acceptable risk'--that is, the establishment
of absolute levels of risk acceptable to the public~-may well be a
will-o'~the-wisp. We say this based on clear evidence that comparable
risks {in terms of expected value) are rarely equally acceptable.
Risk is measured not orly by its own value but also by the value of
what the risk is raken fer, or in other words, the benefic. Thus,
people make an integrated judgment to answer the question: "Is this
risk worth taking?"

With respect to nuclear power, pecople can and have made this
judgment. In the United Stares, approval and disapproval levels have
been surprisingly constant over the years. This can best be illus-
trated by opinion pall data taken from Harris and Cambridge Reports
(1, 2). These two major and long term studies have over the years
1975-7% shown a majority or plurality of Americans supporting nuclear
pawer plants (Fig. 1}. However, the accident of March 28, 1979, at
the Three Mile Island Kuclear Generating Station {TMI-2) appears to
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Figure 1. Percent of respondents favoring or opposing continued
nuclear power plants in two surveys over time (1975-1979),
have had a strong eflfect on public opinion: polls taken shortly after
the accident showed for the first time nearly equal opposition and
support for nuclear power, Clearly, the extensive publicity given to
the event coupled with the appearance of poor institutional response
had a pronounced effect uvn the judpment of risk worth taking,
Howewver, a curlous effect is seen in the post-THMI-Z data of Harris: a
rebound effect, There appears to be movement toward previcus levels
of approval (and disapproval) as a more realistic assessment of TMI-2
{(and its risk)} 1s made, The rebound is net seen in the Cambridpe
data but may yet appear.

This differcnce in the two studies may be attributable to slight
technical differences between the two studies. The Cambrldge data
generally show a lovwer level of approval and a higher level of
disapproval than that of Harris. Cambridge asks, "Do you favor or
oppose the construction of more nuclear power plants?" Harrls asks,
"In gencral, do you [avar or oppose the building of more nuclear
plants in the United States?” The slight wording differences in
these esgentially identical guestions may be highly significant.

The first question could well be taken as specific to the community,
while the second is clear]y non-specific apd in general. Moreover,

az noted, it is possihle that the rebound effect will be seen jn *hu
Camhridge results at a later date. If so, the lag may reflect a
different threshald evoked by the different wording of the questicn,

There are also curicus differences in the data between male
female respondents. In general, wemen In the United States have hor
much less supportive nf puclear puwer. This difference may have tren
exaggerated by the TMI-2 accident. Fipure 2 shows the level of
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Figure 2. Male vs. female opposition or support for contiaued
nuclear power over time (1975-1979).

nuclear power support and opposition for men and women as obtained by
Harris. For women, the TMI-2 incident has led to majority opposition
to nuclear power and the rebound has not occurred with sufficient
vigor to return support to previous levels, Whetrher this effect 1is
permanent is yet to be seen, The point is that there are likely
important differences in the perception of risks worth taking, not
only berween sexes, but across other demographic groups as well.

This may reflect different emphasis placed by various groups on widely
held human values such as economic securlty or a world at peace rather
than.a differing ability to accurately perceive risk.

The usual spproach to risk assessment, as taken by technical
persons including health physicists, 1s to look at risk associated
with a specific technology (nuclear power generation, for exasple)
along with associated benefit and make a judgment on the basis of the
"evidence" or available data that the risk is or is not worth taking.
This approach 1s logilcally defensible as a self-contained problem,
However, members of the public may approach the problem differently.
They may ask about calculated risk, but go further yet. They likely
place the proposition in the context of thelr own lives, asking these
kinds of questions: Is the new benefit proposed (or probable benefit)
desirable to {or, perhaps, advantageous to) me? Is the new risk
additional to other rigks I'm already bearing? The cumulative risk
and benefit may be che important risk calculus. The marginal or
incremental walue of risk and benefit Is probably more relevant to
the protection of the public than an absolute level, :

The foregolng discussion of nuclear power and public perception
of risk leads loglcally to the question: What are the implications
for radiation protection? There are, of course, serious and
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slgnificant implications and practlcal lessons for the health
physiclst. The first of these might be termed the small increment
problem, a situation In which any one small risk (or increment of
dose) may be acceptable in isolation but not in a cumulative sense or
when copsidered in conjunction with other risks, Thus, the first
incremental dose may be of no concern, while the nth increment may be
totally wvnacceptable. Thus it is the cumulative dose or risk that
rmust be considered, and this may or may not he perceived as time
related,

The second implication miph* be termed the last _technology in
proeblem, in which a new and "unproven" t&LhﬂOlOgy (huch as nuclear
power) may have to bear a greater burden for the increment problem
than "01d" familiar technologies. Applying historically acceptable
risk levels or evaluations may simply be not acceptable for this new
technology. To some extent, this may be underlain by a fear of the
unknown, or by a lack ¢f experience on the part of the general pcehlic,
or hy a desire to avold recently perceivad errors in risk evaluation
made with the "o0ld" technelogy. Whatever the teason, the net cfforrs
is to require Yess risk for comparable benefit,

An important lesscn lics In the area of standards setting: the
radiation protection standards setting process needs to be sensitive
to demographic differences in valuing risk aud benciit, Broad
representation of these groups in the standards setting process would
he ideal, but, failing that, awareness of the diffcrences is essen-
tial. Thus, natiomal standards can leogically acd realistically differ
amonp, countries and from international recommendations; indeed, 1f the
small inerement problem is fully considered, there might even be
repional and local standards which differ firom national or inter-
national Tecormendations, An interesting exacple of the demographic
differences in risk perception is the generally higher level of
acceptance of nuclear power plants by the communities in which they
have bLeen located.

Finally, there needs to be a differential application of stan-
dards to theose technosepgies whose benefits are trivial versus those
whose bencefits are great., Clearly, this is a scientific and pelitical
Judgment, cutting hoth broadly and deeply, and including many consid-
erations beyond the scope of the typical standards setting bady. If,
however, compelling scientific evidence could be prezsented that a
safe (i.e., nonzero) cor threshold level exists, then this differentlial
approdach could be avoided,

It summary, the radiation protection standards setting process
should ideally consider not only hard scientific data but also
perceived risks and benefits of the technology under consideration.

In addition, the demcgraphic character of the affected group nceds to
he factored in as wel), Public opinion data can provide useful and
otherwise unobtainable Information to the standards setting bady.
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Physical Characteristics of the Japanese in Relarion to Reference Man
Gi-ichiro Tanaka, Hisao Kawamura and Etsuko X¥omura

Division of Radioecclogy, National Institute of Radiclogical Sciences
Nakaminato Laboratery, ¥akaminatro, Ibaraki 311-12, Japan

Introduction

Quantitative descriptivn of physical and other characreristics
of the human body is pne of the basic data for estimaring dose equiva-
Ient and calculating annual limit on intake of radicnuclides Iz line
with rhe ICRP Recommendations(1,2}. ICRP Heferonce Man is gractically
based on the data reported for populatiens the habitar of which is
Western European and Noreh American arveas although It i1s stated rhat
"it is peither feasible nor necessary to specify Referconce Man as
representative of a well-gefined population group™{3). Ia order to
be more realiscic and quantitative in the dose equivalent estimation
and ALT calculationin Japan populations of which are different from
Luropean and North American countries in physical dimensions
nd other aspects, standard or reference values for rhe Japanese, i.c.
mass and dimensions of body and organs, and the daily intake, distri-
hution, and metabolism of elements have been heing studled particu—
larly on the basis of more recently obtained data(4), These values
that has heen abtained are compared with those of authorized I{RP Re-
Terence Man{3) with the intention of establishing "reference Japancse
mza" and contributing to improvement of medels of man used in radi-
ation protection., A calculation of dose equivalenr comaltment aad
annual Iimit on intake of radiciodine using the cobtained dara for the
Japanese adult is referred. The presext approach may be of importance
regarding the demographic contribution of Asian populations to the
world popularion.

Methods

The weight ard size of the bedy and orgauns were measured in
autopsy for subjects who died of sudden death, mostly from traffic
accidents. Autopsy was carricd our 12-24 hr afrer death at the Tekyo
Medical Examiners Cffice, Ctsuka, Burnkyo-ku, Tokyvo. From protocals
of 10,598 cases recorded during the period 1971-1976, 2,880 casexs
were selected, using as a criterion those individuals who had heen
shysiplogically narmal. Data for subjects having patholegical change-
4 in any single ovgan which tend to cause a change in the nermal
wvelpght of organs were rejected in the statistical stedy carried out
at the National Insrtitute of Radiological Sciences. The chrained
results, therefore, are considered to represent the normal Japanese
in the striet sense,

Separate from this, bone and other autopsy tissue samples were
callected from a Fow districrs including Tokyo during the period
1961-1976. Chemical analysis are being carried out using tochnigues

L]
I~
=1



of trace analysis developed for the present purpose, including vacu-
um dryving and plasma-dry ashing of autopsy tissues, atomic absorprion
and emission spectroscopy and alsoc partly employing rooms apecifical-
1y designed for use in trace analysis, and, in some part, being as-
sisted with simultaneous multielement analysis technigues,

A low dose of 74 nCi of I-131 were orally administered as sodium
iodide to two voluntary, nermal adult male subjects and the uptake
and reteation of ingested radiciodine in the thyroid gland was meas-
ured using the ¥. I. R. §, 8 in.-dia. NaI(Tl)} Human Counter in a col-
limation mode.

Results and Discussion

The total body weight and length as presently strudied was in
good agreement with trhe published data for the Japanese of different
ages reported by fhe Minmistry of Health and Welfare and the Ministry
of Education for essentially the same period. The data(5,6) is plot-
ted as a function of age and compared with the data used for ICRP Re-
ference Man 1n Flg. 1. Average toral body weight cf the fapanese
adult male and female was approximately 39 and 51 kg, respectively
being comapared with approx. 75 and 58 kg for the European and Ameri-
tan counterparts, respectively. Average length of the total body was
approx. 165 and 1535 cm for the male and female, respectively which
are compared with approx. 175 and 164 cm for the Caucasian counter-
parts, respectively.

The mean weight of twelve organs for males and of eleven organs
for females were obtained as a function of postnaral age as woll ag
the relative weipht of organs with respect to total body weighe,

Mean organ weight of the normal Japarese adult is shown in Table 1
along with the literature data for the Furopeans and Americans being
referred ro in the ICRP Publication{3) for comparison. KRemarkahly
lower weight of the spleen was noticed in the Japarese male, and,
however, comparable values were seen in children between trhe data.
Apparently higher wvalues were found for the thymus and parcreas in
the Japanese adult as compared to those referred to by ICRP(3). The
ao
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Fig. 1. Total body weight of Japacese as compared to that of
Europeans and Americans,



weight of the spleen in the Japanese adult male was 127 g which is
compared with the literature value of 192 g{3). The mean weight of
the thymus and pancreas was 31.7 and 135 g in the Japanese adult male
which are compared with these referred ro by ICRP, 19.7 arnd 96.1 g
for the European and American counterpart, respectively. Comparative
welghts were observed for other organs, e.g. adrenals, hypophysis or
pituitary gland, testes, thyroid gland, heart, kidneys, drain and
lungs. The mean liver weight in the Japanese was smaller than that
referred to in Reference Man{3). These may be explained Ly a possible
correlation between the weight of some organs and the total hody
weight. Similar results were seen for the Japanese adultr female as
also shown in Table 1. Relative weight of a2 given organ to the total
bedy weight found in the present study was apparently larger than
that given in Reference Man for most of organs studied except spleen.
This should be stressed because it suggests that estimating weights
of organs of a certain population using relative weights reported for
different populations is not necessarily valid,

Table 1. Weight of organs and total body weight proposed for reference
Japanese adult as compared with ICRP Reference Mar values.

Japanese adult ICRP Reference adult
Organ Male Female Male Female
gy (1) (g (%) gy (%) (g (%Y
Adrenal glands 13(0.026) 13(0.028) 14(0.020) 14(0.024)
Brain 1400(2.6) 13002, 8) 140042.0) 1200¢2.1
Heart 350(0.66) 280{0.61) 330{0.47) 240(0.41)
Kidreys 330(0.5%} 280{0.60) 310¢0.44) 275(0.47)
Liver 1600(2.9) T400(2.9) 1800¢2.6) I400¢2.4)
Lungs 1100(2.1} 300(1.9} 1300¢1. 4} 800{1.4)
Pancreas 135(0. 24) 100(0.24) 100¢0.14) 85(0.13)
Pituitary gland 0.6(0.0610) 0.6(0.0013) 0,.6£0.000863 3.7(0.0012)
Snleen 130(0,23) 12000, 26) 180(0.26) 150(0. 263
Testes 33{0.058} — A5(0.030) —
Thymus 30(0.054) 25¢0.053% 20(0.029 2000.034)
Thyroid gland 19(0.034}) 17{0.035) 2040.029) 17{0.029)
Total bedy weight 60000 51000 700000 38000

The present data for most of organs studied exceeds that report-
ed for the nermal Japanese in 1952(7). Impreovement in the general nu-
tritional condition may have had possible influences. Differences
berween the reported data for pathelogical cases and normal cases are
also pointed out,

A comparison of per capita daily consumption of priacipal nutri-
ents and categotrized foodstuffs between Japan, and European countries
and the United States. Calcium as well as fatr is factor of fwo less
consumed in Japan than in the latter countries, even on the unit body
weilght basis, Fourty-eight per cent of the toral fat comes from vege-
tables and othet plants. Consumption of dairy products, meat and milk
1s factor of two to four lower {n Japan and, however, f{ish neat 1s
consumed at a rvate approx. four times larger than fn European and
American countries. Consumption of many kinds of sea algae and their
products is regarded also characteristic to the Jjapanese pepulation.
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For the elemental composition of the human body and daily intake,
data 1s being accumulated and, in the present paper, strontium is re-
ferred in relation to calcium, Strentium in bone has been extensively

' studied using samples of

Table 2, Skeletal content and daily various ages including ges-
intake of Ca and St in adult. tational stage and the mean
) strontium to celeium con-
Present work ICRP(3) centration ratio in the
Skeletal contenr: o adult(20-49 yi)} bone was
Calcium B40D g 1000 g found 0.51 mg Sr per g of
Strontium 430 mg 320 mg Ca. Skeletal mass was esti-
Daily intake: mated tentatively using the
Calcium 0.54 ¢ 1.1g ICRP assumption, C.14 of
Strontium 2.3 mg 1.9 mg the total body weight until

a valid dara for the Japa-
nese will be available. Apparently larger skeletal strontium content
in the Japanese adult male than the ICRP estimate for EBurcopean and
American counterpart. This may be due to the dietal S5r/Ca ratio which
was found factor of two higher in Japan and this way be related to the
characteristically low consumption of milk and dairy products.

Regarding the remarkably nigh level of natural iedine intake in
the Japanese up to betwecn 500 and 1000 pug per day per person which
hay been reported, an isctope dilution effect is expected. Fraction of
1-131 incorporated in the thyroid gland, K,(B} was found 0.11 in one
subject taking normal meals containing a kind of kelp and other marine
algae and their products throughout the experiment. In the other sub-
iect for whom the intake of these kinds of foedstuffs had been re-
stricted as far as possible for two weeks until the oral administra-
tion of I-131, ¥K; was found 0.33. Biological half-life was estimated
to he 29.9 and 40.4 days for the former and the latter subject, re-
spectively., It is suggested that the thyreidal uprake rate can be
estimated as 0.15% to 0,20 and that the binlogical half-life is proba-
bly estimated as 35 days in the Japanese adult. The data is consider-
ably smaller than that adopted by ICRP{8).

Establishment of reference Japanese man data will be useful for
one to calculate mere realistic dose-equivalent commitment and also
annual limit on intake for radioactive isotopes. A result of such cal-
cularion employing a unique transformation method developed to apply
the MIRD absorbed dose fraction data to an individual of an arbitrary
physique and the weight of eorgans and other data obtained in the pre-
sent study(9) shows a lower annual limit on intake for I-131 ir the
Japanese adult as comparced with that caleulated for the MIKD phantom.
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COMPETING RISK THECRY ANMD RADIATION RISK ASSESSMENT
Peter G. Groer

Institute for Energy Analysis, Oak Ridge Associated Universities,
Uak Ridge, TN, U.S.A.

The paper presents a summary of the research in competing risk
theory during the last decade and applies some new statistical pro-
cedures to estimate cumulative distribution functions (c.d.f.), force
of mortality, and latent period for radiation-induced malignancies.
It Ts demanstrated that correction for competing risks irnfluences the
shape of dose-response curves, estirates of the latent period, and of
the risk from ianizing radiatians. We show the equivatence of the
foilowing concepts;: force of mortallty, hazard rate, and age or time
specifie Tncidence. This equivalence makes 1t possible to use pro-
cedures from reliability analysis and deragraphy for radiation risk
assessrient. Two methods used by reliability analysts - hazard plat-
ting and total time on test alots — are discussed in some detail and
are applied to characterize the hazard rate in radiation carcino-
geresis. C.d.f.'s with Tncreasing, decreasing, or constant hazard
rate have different shapes and are shown to yicld different dose-
response curves for continuous irradiation. We point out that the
absolute risk is a sound estimator only if the faorce of mortality is
constant for the exposed and the control group. Daose-response rela-
tienships that use the absalute risk as a rmeasure for the effect turn
out to be special cases of dose-responsc relationships that measure
the effect with cumulative incidence. We explain how life tables —
a popular demographic tool — should be used to calculate the risk to
a population from a risk estimate obtained from ancther exposed popu-
lation,

INTRODUCTION

The basic Tdea of competing risk theory was first autlined by
Daniel Bernoulli Tn his '"Memoir” published in 1760 (i}. In this
publication he atternpted to answer the question: Is mandatory wvac-
cination against smallpox beneficial, and what are the guantitative
effects of vacecinations on the survival experience of a population
{17 Each individual was considered as exposed to two risks: death
from smallpox and death from other causes. The analogous "modern'
question is: |s exposure to a certain dose of fonizing radiation
detrimental, and what are the quantitative effects of a radiation
exposure on the survival experience of a population? Each indidivual
is again subject to two competing risks: death from radiation-
induced cancer and death from other causes not related to the radia-
tion exposure. During the last few decades competing risk theory
developed rapidly because of the need to answer very similar questians
in reliabitity analysis. There a device can fail due to different
failure modes, and it is desired, for example, to estimate the prob-
abiltity that the device will fail due to one particular Failure mode
not tarer than a certain time t. The 1ifec of a person or a device is
therefore a non-ncgative random variable 7 [P{T <0) = 01. In the
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fleld of radiation risk assessrent, we are interested in the estima-
tion and comparison of Fy{t,Dp}, the cumulative distribution function
cf T for a control population radiation dose (D = 0} and an exposed
population {B > 0}. T is the life length from exposure to death or
ciagnosis of a radiation-induced malignancy. In the follawing sec-
tion we will introduce some concepts related to Fr and discuss their
estimation and connection with dose-response curves.

CUMULATIVE HAZARD, JISTRIHUTION FUNCTIONS, AND DOSE-RESPONSE CURVES
¥ Fr{t,D} or, for short, F is the c¢.d.f. for the life ar in our

context synonymousty the tumor appearance time {(latent period) after
exposure then

=1-F survival function

dF/dt = F' = probability density function

f/F = hazard function or age {(time} specific tumor rate
of Y dt'h{t') = cumytative hazard

= il |
]

The arguments t,0 have been suppressed for brevity. One easily sees
that

F=1-exp {-H) {1}

tntuitively h{t,D}At can be interpreted as the conditional prob-
abitity that an individual will die from a tumor in the interval
{t,t+at} having survived to age t. For this reason h {s sometimes
also called the force aof martality., Every c.d.f. of tumor appearance
times has a corresponding force of martality hit}. If F = l-exp{-at},
the force of mortality is » = constant. This is a unique characteri-
zatior of the exponential c.d.f. These probabilistic conceots and
the different relationships among them are well known and very simple.
The difficult aspect is the estimation of f, F, ar H from ohserved
quantities, To understand why this is so, consider the following
situation: Groups of N; individuals are exposed to doses Dj

(1 =¢,1,2...; 05 = Q). The exposure is instantaneous and takes
place at t = 0. As t increases, we ohserve for each dose group Dj a
sequence of N; indicators like

0,0,1,0,1,1,0,1,1,0,1,1,1,0,0,0,1,0,0

A MM means in our context that the individual died from cancer pos-
sibly induced by radiation. A 0" means that the individual died
from another cause, was lost from the study, or is still alive. Each
0 or | has assoclated with it the time whesn the event occurred. Al}
the times where a 0 occurred can be considered as observaticns of a
random time varjable L. '"L' stands far loss to indicate that the
D — events represent lost information for the estimation of Fr(t}.
The probien of estimatiag F 1f losses {0 — events) occur was solved
by Kaplan and Meter {2) undér the assumption that T and L are sta-
tisticaltly independent. An estimator for H is also ava:lable in the
Fiterature (3,4}.

A dose-response curve at a fixed time tp for instantanecusly

exposed individuals {e.g., atomic bomh survivors} can be defined as a
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plat of Frlt,,D;) wversus Dj on linear graph paper {5}. This replaces
the plotting of the ratio, number of tumors, nj/murmber of individuals
exposed, Ny, The maynitude of ni/N; is clearly Influerced by the
numaer of 0 — events (e.g., accidents} and does not measure sclely
the effect of the radiation exposure. The same dose D; can therefore
produce different effects — reasured by n;/N; — depending on how many
otner deaths oceur.  Since FT(tO,D;) differs from this ratio, *the
shaoe of FT(tO,D;) versus D; will differ in most cases from ”1/”1
versus 0 [see {5) lor rmere details|. tost of the time the ratio
ni/Niy 1s used to measure the effect of ) in exposed animals. In
huran epidemiclogical studies the fractian, nj/total number of perscn-
vears, 13 used instead, and sometimes the difference A2 or ratioc o of
these fractions feor an exposed and an uncxposed group are plotted

versus D [see e.q. (6}]. The fraction o = 41/D; Ts the aksolute
risk, and the ratio p is the relative risk [6}. Both are i-corrcct
measures of the raciatior risk becauss of hidder and unwarranted
dassurptions. To see the mistake, corsider Ecuation [, For H << ]

one cktairs

F = H ()

\

For the exponertial distributicon — ¢f, the earlier remark —H = At
where &, the ferce of mortality, is constant. |f F is exporential,
4 can be estimatec by n;/Lotal aumper of perscn=years (7), but the
assutption of expanentiality (i.e., % = constant} is incorreczt for
buth the urexposed ard the exposed grouwp for time periacs longer than
two to three vears fsee e.g. (8]]. For spontamcous and radiation-

induced camcer h = h(t). This fact can be deronstrated by graphical
techniques-hazard plotting (3,4} and total time on test {TTT) plots
{2}, |7 Equation 1' nolds and the force of rertality is time de-

perndent, then only aH = H(t,,D;) - H(EO,DO} and Hltg,D;)/H(ty,3,) are
meaningtul measurgs of the radiation effect at tg. The net radiation
risk RN(LG,Di) at tirme 1, due o an instantanecus dose D; should be

defined as the difference of the cuwlative incidences:

RNtlogD]) = Frite, 0] - F1(t,,Ch) (2]
This definition assumes that cancer is the only risk actirg. |f
Equation 1' hotds, #ap{t,D;) = }; = constant and hy{e,0,) = 2, = cor-

stant, then Eguation 2 becores

RN(to)DT) = HT(tgyDT} = HT(tO’DO}

(3}
= {hi-igltg = dity
If in addition &% = aDj, then
RyltgiDi) 7 abitg (4}

The derivation of Fquation 4 shows that the absolute risk concept and
[inecar dose-response curves based on this concept are valid only under
very special circumstances.

Far continuous radiation exsosure, the desc D{t} is an increasing
function of time. |If Fy{t) has been estimated, Gpld), the c.d.f. for



the randonm variable D,can be ohtained by a simple transfarmation {10).
For D = 3T — the simplest case With constant dose rate & — one ob-
tains Gpld} = Pr itumor for D < d} = Fy(d/&). If Fp = Hy, then Gp
increases like Hy. A plot of Gp versus d is a possible definition of
the dose-response curve for continuous irradiation., The shape of Gp
depends on the behavior of Hy(t) and will be different for increasing
(decreasing) hazard rate hy(t). A serious problem with this defini-
tion stems from the fact that one dogs not know up to what time after
first exposure dose effectively induces cancer. The dose delivered
after this time 7s '“Wwasted.” A deeper understanding of radiation
carcinogenesis 1s necessary to solve the 'wasted'' radiation problem.

The general relfatiaonship F = exp(-H) can be used to caleulate
the potential crude radiation risk from Di at ty to a so far unex-
posed population, if &H has been estimated from data on an exposed
proputation, The survival function 5{t) for the actual 1ife of the
population can be found in a 1ife table. The crude radiation risk
can then he defined as

Rg(to,DI) = S(to) [T-exp(-2H)] (5}

The crude radiation risk in Ecuatiorn 5 75 the additianal risk from
radiation exposure in the presence of all other competing risks.
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A SYSTEMATIC APPROACH TO PERSONNEL NEUTRON MONITORING
Richard V. Griffizh and Dale Z. Hankins

University of California, Lawrence [ivermore Laboratory, Livermore,
California, 94550 U.S.A.

Introduction

A good personnel dosimetry program reguires an integrated
approach to perscnnel dose assessment. No single measurement
technique or information source can be relied upon solely to provide
accurate dose measurement. This is particularly true for personnel
neutron monitoring, because the probiem of accurate measurement is
so difficult and the persornel dosimeters currently available have
severe iimitations, ?reventing a wide range of applications for any
one dosimeter type\l + MNeutron monitoring requires detection and
measurement of meutron doses at 1/10th the tevel for the
accompanying gamma rays. Tne range of neutron energies genmerally
spans at least nine decades {thermal tc 10 MeV}, and, in scme
accelerator facilities at least anmcther decade of energy may be
involved. The usual dosimetric prob’em of angutar dependence and
body orientation effects add to the difficulty of proper dosimeter
internretation.

It is clear that the information provided by the response of the
dosimeter must be used in conjunction Wwith other scurces of infor-
mation to provide the most accurate interpretation of the neutror
environment. QOthe~ information souvces that may provide information
necessary for accurate dosimeter interpretation ircltude gamma
dosimeter response, instrumental measurements of the gamma and
neutron dose rates in the environment, worker stay times, etc. Most
dosimeters have a very poor energy response - that is the neutron
response does not adequately mimic the dose equivalent conversion
curve across the wide range of neutron energies encountered in
personne] monitoring. Therefore, a piece of information that is
important for accurate neutron dasimetry is the spectral quality of
the worker's environment. This information not only improves the
accuracy of the dosimeter interpretation, through more accurate
assessment of the calibration data, but also serves as a basis for
acceptance aor relection of new dosimeters based an their ability to
measure the important portion of the dose equivalent spectrum
through a radiation facility.

Current Neutron Dosimeters

Before discussing monitoring techniques that can be used in
support of a dosimetry program, it is important to review the
characteristics of currently available dosimeters. We will place
emphasis on the detecting element rather than the system as a whole,
betause the detector characteristics are the primary limitation of
the desimetry system.

Photographic neutran detectors - NTA Film - have ;;eniused for
operational dosimetry longer than any other dosimeteriZs3),

Briefly, the neutron interacts with a proton in the emulsion of a



smail piece of film, causing the groton to move some distance
through that emulsien. When the film is developed, the track of the
oroton i3 revealted as a thin trail of silver grains in the film.
Dosimetry is done by optical measurement of the number of tracks per
unit area using a high magnification optica’ microscope. In
practical use, NTA fiim has a threshold at about 0.5 to 1 MeV, which
is equivalent to a 3 or 4 grain track in the deveigped emulsion.

NTA film is also capable of detecting low energy nedirons from the
{n,p} reaction with nitragen in the emulsion. However, practical
experience indicates a poor sensitivity for such low energy
neutrons. The energy response of NYA film compared with the ICRP
dose eguivalent conversion curve for neyirons is shown in Fig. la.
One of the most 3 rious criticisms of NTA film has been its rapid
fading propertyi™/., Although some investigators have had success

by packaging the film in hermetically sealed wrapping{°ﬂ, fading,
sensitivity to low energy gammas that fog the film, and the tedious
counting involved, are all negative characteristics of NTA.
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Albeco cetectors, which depend on interaction with the human body
to thermalize fast neutrons, have had the most rapid increase in use
of any of the dosimetry systems used in recent years:9»7. T. The
detecting element is a TLD crysta’l, having normal or enriched levels
of neutren sensitive BLi. The two distinct advantages of albedec
dosimetry are high sensitivity (particularly for low energy neutrons)
and the wide availzhility of automated TLD readout systems. By far,
the most significant disadvantage of albedo detectors is a very poor
dose eguivalent emerqy response simulation [Fig. 1b). OF all of the
dosimeters in use, the alhedo system is the most sensitive to
spectral variations in the working environment and requires the most
supplemental moritoring information. However, for highly roderated
neutron envirgnments such as thgse in nuclear power reactors, aibedo
dosimeters may be the only real chotice.

Two additionzl cdosimeters, which rely on dielectric track etch
technigques have been adopted on a much more limited scazle tharn either
the NTA or albedo systems. Fission track detectors require the
combination of a Tissionable radiator and a frack registratior
material. The radiator material (237Np, 2327h, 235y or 235))
is chosen because these nuclides have n,fission cwpss sections that
duplicate all or part of the dose equivalent conversion curve,
Figsion foil ~ track etch systers have been used at various
Taborateries in the United Kingdom, §wi;zer7agd‘ United States, and
other countries for about ten years 9,10,10,12)  of these
systems, 237Np dosimeters most faithfully reproduce the dose
equivalent conversion curve [Fig. lc). The biggest drawback of
fission foil dosimeters is that the wearer must carry small out
significant amounts of radicactive material in fhe dosimeter.
Therefore, they are often issued to personnel only on a limited and
controlled basis. OFf the nuclides used for this purpese, neptunium
has the highest external gamma dose rate from a dosimeter having
encugh radiator mass to provide sufficient reutron sersitivity., In
addition to the disadvantage of having to use radioactive material,
the sensitivity of many fission track systems is marginal for
rautine personnel cosimetry and would probahly Decome uracceptahle
if higher, more stringent neutron quality factors are adapted.
Unlike the NYA type of track detector, t?e fission track detectors
suffer Tittle from the problem of Fading\3a.

Some laboratories have adopted }racg detector systems which do
not require fissionable irradiatorstid»<4,15,18) “These cetectors
rely on direct ‘nteraction of the neutwons with lignt nuclei in the
plastic {C, N and Q). The charged naclei recail, leaving camage
tracks that can be reveaied by varipus etching methods. The
sensitivity of these systems for fast neutron spectra such as that
from a 25%CfF fission source is of the order of 50 to 500 mrem,
depending on the etching technigues, plastic and the definition of
sensitivity used. One of the major probiems with dirsct recail
plastics for routine dosimetry is the relatively high energy
thresholds associated with the reactions. Tt is, however, possible
to enhance the low energy response of these detectors using the
n,alpha reactions from non-fissionahle 917 or 108 radiators.
Unfortunately, Tittle experience, save that of CERN 16 , has heen
abtained with this techrique. The manual counting requirec for



dosimeter evaluation is also a limitation. Certainly automated
optical systems could be used for this purpose, but they are
generally too expensive for smali-scale dosimetry programs.

We should point out that the discussion to this point has con-
sicered a dosimetry system based on only one detector or one
detecting element., In fact, however, it may be necessary, particu-
tarly in facilities that have a wide range of neutron spfctra to use
a metti-element system. Such systems have been used (16, 7,18] and
yenerally invelve the combination of an albedo detector with a
threshold detector. The responses of the detectors can be combined
to synthesize a better simulation of the dose equivalent conversion
curve. Moreover, combination systems are, in effect, simpte
spectrometers, They acdd to the complexity of the dosimefry, but the
improved accuracy and information available may well justify the
added effort.

Dosimetry Developments

Perhaps the most promising new detfitor now being wideiy investi-
gated is CR-39 plastic. CR-39419,20,2 is a carbonate, and has
physical prope~ties simitar to that of glass. The processing of

CR-39 for electrochemically etching requires 7 to 10 hours of a
combined pre~etch and electrochemical etch. Unltike polycarbonate,
the threshold for nedtron detection with CR-39 is about 100 keY

{Fig., 2}, and is capabie of detecting less than 20 mrem of fast
reutrons. High sensitivity can also be abtained by conventional
etching only, however the optical counting of the much smaller tracks
is more fedious than when electrochemically etching is used.

Atthough it does not provide as good a replicate of the dose
eguivatent curve as one wouid like, it represents a significant
potential improvement aover other track etch base systems. A
personnel dosimetry service with CR-39 is now commerciaily available.
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etched (R-39 (after pre-etching (22}) with the ICRP
gose equivalent conversion.

A number of other neutron detectors have been and are heing
investigated for potential personnel dosimetry applications, but each
appears to have one or more deficiencies that, for the present,
prevent use in operational dosimetry programs. Such detection
methods ianuQe a super heated drop detector investigated at Yaie
University 23;, 1yo-Tuminescence gosime;ry that has been investi-
gated by a number of laboratoriesi2®:25)  the developnsn of TLD's
having hydrogenous material built into their crystalst ), TSEE
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{now pursued with much less interest than at one time), and others,
One of the more promising TLD based techni?ue? makes use of LET
dependent differential glow-peak formation e/ This system
continues to be investigated and may be commercially available in
some form in the near future.

Neutron Surveys

Neutron dosimeters are interprefed on the basis of calibrations
that normalize detector response to dose equivatent, Tradifionally,
we use unmoderated fast neutron sgurces - cf, 241ArnBe, 238PuBe,
etc, - with known neutron emission rates to provide caltibrztions.

We now realize there are usually large differences between the
calibration and exposure spectra, maxirg those calibrations
inaccurate and uncertain. In recent years, the reed for in-field
measuremerts to provide a correction factor to these calibrations
has become evident,

The concept of in-field calibrations is that measurements are
made with instrumentation having an energy response like thre
personnel dosimeters. These measuremenrts are then normalized to
dose equivalent measurements macde at the same tocations ir the
workirg environment. The normalizztions prowide the basis for
correcting neutron source calibrations. In-field calitrations are
necessary only because of spectral differences between the
calibration source and working envirgnment, As Jong as the warking
area spectra do not change, the measurements need be done only once.

The most traditional and straight forward approach is the survey
of a facility with a remmeter {Anderson Braun, spherical moderator,
etc.), followed by long-term {hours to days} exposures of personnel
dosimeters piaced cn phantoms at the same locations. This technique
is technically sound, but takes a long time and may 2e severely
timited if the dose rates are low., Moreover, the necessary
information is not avaifable until the dosimeters are processed,
often resuiting in the need for resuryeying.

A more rapid ?ScYnique has been developed for facitities dsing
albedo dosimeters{<8). A 8F3 detector placed in a 3-inch
ciameter polyethylene sphere has been shown to have a0 energy
response very similar in shape to that of the albede dosimeter. The
use of phantoms in an initial survey is replaced by a ore- or
two-minute measurement with the 3-inch moderator. If we use a
9-inch remmeter, a single location can be surveyed in less than 5
minutes, even at millirem dose levels. Additfonal information on
the thermal neutron contribution can be obtafned by taking counts
with a bare BF3 prode.

We use the sphere response ratio to identify locations that
represent the range of spectral variation in any facility. The
survey can then be corpleted by exposure of a few phantom mounted
dosimeters, with the confidence that the proper locations have been
selected. We can a’so sample many more positions in & short time,
with a minimum of phantom depioyment.



Neuytron Spectrometry

The measurement of neutron spectra has, for the most part, been
regarded as a laboratory concept, useful in high energy physics, but
without practical application in health physics. However, moderated
muttisphere detector measurements with computer unfolding can now be
used to augment conventional survey technigues. The instrumentation
required is much less sophisticated than the detectors and
electronics used for experimental physics applicabtions, and well
within the capability and budget of a health physics program. As an
extension of simpler survey methods, multisphere measurements yield
spectral and dose eguivalent informztion over the full range of
occupational neutron energies. This information can then be used to
estimate the error in response of portable remmeters, as well as
altowing the health physicist to predict tne spectrum weighted
response of any perscnne’ monitor in use or considered for use at
the facility. The spectra give the heaith physicist the most 2lear
view of the facility neutron environment.

Health physicists have used BOﬂ?er agheres for 20 yearsfzg),
hut recent cgmgqter unfolding codes 30,31} and response
calcuiationsis3d) contribute fo making simple, accuratec speciral
measurements., MNew generations of commercia’ly available portable
pulse height analyzers make in-field use of multisphere much more
mobite, At LLL, we use a portable analyzer, a “Lif scintillation
detector and 3, 5, B, 10 and 12 inch spheres of polyethylens to make
the rnecessary measuvements. The detector is used, in turn, in each
of the spheres together with bare and cadmium_covered measurements,
The detector pulse height responses from the BLi{n,alpha) reaction
in each of the seven detector-moderator configurations are used as
input for the unfolding code. The spectra cdetermined have poor
resolution qualities, but high resolution is not essential for
rneutron health orotection.

In practice, we make spectrum measurements at key facility
iocaticns identified during the detector-remmeter survey described
above. We choose these locations to represent the range of spectral
variation implied from the range of 3/9 inch ratios. Usually only
about three or four locations are measured with this system.
Although we use a computer to fully unfold the spectra, the
responses of the 3, 8 and 12 inch cetector measurements can be used
as input for simple matrix inversion programs available on
programmable hand calculators, to obtain dose equivalent estimates
that are within 15% of the fully unfolded caleulations. This gives
us an immediate comparison with the remmeter results befare leaving
the area., Obvicus errors in the data can be detected, allowing
remeasurement without having to return days iater.

We have used the 3/9 inch sphere ratic technique, with
multisphere spectrometry to survey our cwn facilities {a high flux
14 Me¥ neutron generato~, transuranic isotope storage vaults and
glove box facilities, a 3 YW pool type reactor and our own neutron
calibration facility), &s wel} as a number of power reactors through
the United States. The survey techrigue has significantly improved
dosimeter calibrations. The spectral information has been used
feven at dose equivalent levels as low as 0.1 mrem per hour} to



predict the poor performance of certain threshoid detectors in
heavily moderated environments, as we'll as determining the effective
over-response of moderated remmeters used in the facitifies.

Sumary

NTA film and albedo detectors represent the major portion of
personnel dosimeters now used for occupational neutron monitoring.
However, recent attention to the speciral response of these systems
has demonstrated the need for detectors that have a better match to
the fields being monitored. Recent developments in direct recoil
track etch dosimeters present some intriguing alternatives, and
careful use of 2375p fission fragment detectors offers the
advantage of a good dose eguivalent spectral match. Work continues
or a numuer of other new detector mechanisms, but probiems with
sensitivity, emergy response, gawma interference, etc., continue tog
prevent development of most mechanisms into viable personnel
dosimeters. (Current dosimeter 1imitations make a systematic
approach to personnel neutron monitoring particularly important.
Techniques have been developed and tested, using available portable
survey instruments, that significantly improve the quality of
dosimeter interpretation, Even simpie spectrometry can be done with
modest effort, sfgnificantly improving the health physicists ability
to provide accurate neytron monitoring,
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area coseheters to the Pcsiticns of the exposed perscns. Simple per-

scnnel dosemeters can provide o fairly rapid dose assessment after

noacs 1deﬁt‘ bur the use of & simple dosemeter means thst grezter

: iz tc be placed cn the methods cf interpretaticr.

i lcw-level personnel dosimetry, a basic preblem in cri~

zocident dosimetry is thet gereraily no sirgle reutron

is available which adequately cocvers the whole energy range
“nerefore, the determinaticn of the neutron dose re-

1 person invoived in a criticality accident Zeneraiiy re

re of the reurtrcn spectrum incident cen the body.

.ezr azccident dosimeiry systems have been designed to
provide scme spectrel informaticrn by inciuding at least two neutron
detectors w different energy resucnses

Zels Keutron doasemeters

in existing nuclear acciden® desimetry systems the m
dent of neurren doses is ususlly based on activation detectors cr
Lo a sdmiier extent on fispion fragment track deiectors. The main
advantages of activaticn detectors are that they are normally in-
sensitive to Petsz- and gamma-radiation, znd most aciivatiorn deteg-
tor folls are inexpensive. Generally, a compination of fasi-neuatron
ithresheld), intermediate-erergy neairon {resonznce) ang thermal-
nedtron deteczors is used, and the neutren dose is derived from the
irduced activizies using assumpticns on tne neuiron specirum,

Like umctivation detectors, fission fragmens irack detectors

zre NOrmaily insensitive te beta— and gamma-radiation, A furiher

zdvantage is that thelr informaticrn content following an accident
is not subject ic wadfo active decay. On the other hand, finsion
frogment track deteclors are Tore expensive, and the radictexicity
cf the fissile materlal is & dissdventage which in some courtries
e des ir use irn personnel dosemeters.

icer dicdes may bte utiiirzed for fast-neutron deteciion
the erergy range from sbvout C.2 to 15 MeV. Their main advantages

are z relziively flat energy response, easy and fast evaluation and
regligible response tc other types of radiamticu. Their main disad-

vantzge is & Zimited cverall accuracy.

Altedc desemeters are being increasingly used for rouiine per-
goennel morniicring, but so far thelr use ir nuclear accideni &
etry syztems heve been very limited owing to their wide wvarisulicn
ir regponae a2s a functicw of reutres ezergy.

2.2, Garma dosereters

Zre messurement of deses frem gamba-rays followlng an accident
will generzily be nade with the same types of dosemeters as are
used for routine personrel menitoring,l.e. film,trhermelunmirescerce
and radi atpluninescente desemeiers. In scme sysiens gemma-ray
detectors are incorporated ints trhe nuclesr accident dosemeter
tadge, whereas in others the gamma doge is determined using = rou-
tine perscrrel deosemeter.
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detecters (In,3,¥g etc.) may be insufficiert. The performance may
ke improved ©y adding a nepiunium track defector to the activation
detectcr set, Ecwever, even for this ccmc::at on the neutron dose
may be underestimated by a facior of abeut ¢ in particularly diffi-
cuit cases (8}, Threshold detecior syutems that include u set cof
fission-fragment truck detectors coniained irn a B-IC shield can asu-
aily give a satiasfactcry determination cf the eutron dose. Eowever,
such threghold detectnr systems are expensive so they are used ic
ovnly a very limited exient.

Aocidenta] gomms doses can usuaily be messured with sn uncer-
taipty of less than 25%, using the same versconnel dosemesers (film,
TLD,HPL) 35 are umed in routine personne: monitoring. However, the
uncertainty mway be increased In a mixed radiation fieid with a
heavily moderated neutrocn spectrum if appreciable correcticns have
to be apriied toc the readicg cf the ganma dosemeter for the re-
sponse to thermal neutreons and te the radistions from mctivaled
foils in the wvicirity cf the dosemeter.

The present state of nuclear ascident dosimetry iz sutisfac-
tory in the sense *Pat saveral mu = accicdent dosimetry systems
are vnow avallable that perform wi the "*1‘er14 proposed by a
panrel =f experts corvered by the Iﬁbn in 1963 {3}, Fowever, the
proper irnterpretsticn cf the respenses cf existing nuclear accident
dozemeters may require a high degree cf expertise, so, in thke
zuthers cpinion, there is a need fcor a further development that
should aim =zt ziwplificatvicn. It would be desirable if accidental
neuiyon doses, as is usually the case for the gamma doses, could be
mensurec with Lhe same dozemeters as are uged in routine personnel
Tonitering. Whether or neot this Amu_lrlba‘:cw will eventually be
achieved is dependent on further research and develcpment in per-
scanel neuwtircn dogime:ry.

FEFERENCES

1. iaywood, I'.F. (1573 Proceedings, Symp. on Neutrcn Monil-
*o“ing for Radiation Protecticn Puvpeses, Woi. 12 p. 28%, ZAFA,
Vienni.

Fo Flzkus, T,W. (2577): In! Proceedings, IRFA IVth Internationsl
Congress, Yol. %, p. 85, Paris

3. Ing, N. and Maekra, 5. {2378} Tegn. Hep. Seriesz ¥ec., 186G, IAFA,

L, Maivern, 3. {1980%: To be published.

5. Dvornix, 1., Zec, 5., Ravem, D. =nd Miscevic, S. (1973): In:
rroceedings, Third Eurcpean Congress of IRPA, Amsterdanm.

o Purrott, R.é., Lleyd, D.C., and Dolphin, G.W. (1976): In: AERE~
RES:1, p. LB,

N L;tlﬁger, K.V., Taxavar, A. and Mallard, J.R. (1978): In:
Precceedings, Third Symp. on Yeutren Desimeilry in Biology and
Kedicine, EUR 58L&, p. 685,

5. Deiafield, Y,J., Dennis, J.A. anc¢ Gibson, J.A.B. (1973): RER¥E-
R7485,

. Nuclesr accident dosimetry systems {1970): Prcceedirngs of
Parel neld in Vienna, 17-+1 February 1969. IAEA, Vienna,

3%
Py
ke



PROSPEATL GLASS DOSIMETRY: A POTENTIAL ALTERNATIVE IN PERSONREL
MONITORING

Ernst K.A. Piesch and Dieter F. Regulla

Health Physics Division, Karlsruhe Nuclear Research Center and
Gesellschaft fur Strahlen- und Umweltforschung mbH Minchen, Institut
fur Strantenschutz, Neuherberg, F.R.G.

INTRODUCT I0Oit

Radiophotoluminescent phosphate glass was the first solid state
dosimeter in personnel monitoring produced in millions of species al-
reacy in the middle of the fifties. Later on, however, it decreased in
importance as compared to 7LD due to unbalanced efforts of researchers
and manufacturers on these subjects, particulary in USA. This trend
may be explained by somehow emotional reascns as well as by the dosi-
metric imperfections of the early glass generation with respect to
background luminescence {predgse}, non-reproducibiltity and energy de-
pendence of reading. The new generation of low-Z glass dosimeters that
meanwhile has been developed in Jasan remained rather disrengarded in
spite of remarkable improvements cf the dosimetric properties such as
sensitivity, batch uniformity and precision.

Mainly in Germany this type of glass dosimeter found application
in nersornel monitoring and, to a limited extend, replaces or backs up
the so far official film dosimeter. From review, the predose ard the
energy-dependent detector material may be considered the main reasons
that prevented a major break-through of glass dosfmetry. The missing
development of appropriate automatic readers is only a consequence of
this situation.

Contrary to glass dosimetry there are at Teast 12 automaztic TLD
reader versions commercially availahle. Dut inspite of promising ear-
Tier pragnosis also this dosimetry method does not easily penetrate
into personnel monitoring since a number of institutions concerned
rejected or paostpeoned to repltace the film by TLD. To a certain extend,
this may be explained by the high financial investment for a system
at a state of technology, which is characterized by considerable mal-
functioning and not yet elaborated standard of dosimetric retfability.

Under these aspects and on the basis of Tong-term experiences
with both TLD and glass dosimetry we feal encouraged to draw the
attention again to glass dosimetry as a so far neglected but potential
alternative in personnel monitoring. This holds the more since essen-
tial physical and technolegical advance has recently been achieved.

RECENT TECHNOLOGICAL ADVANCES

For better understanding of the essential advances of alass do-
simetry the following properties are compared with LiF TLD-systems.
New glass composition: A new glass type FD-7 <13 or DOSB 21 offers
a Tower energy deperdence with an oversensitivity of a factor 3.6
related to °Co which hitherto was a factor 7 for the still used FDl
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{Toshiba) or DOSZ (Schott) glass. Both glass types shaw a high batch
uniformity of <:£0.5% compared to the TLD response which may vary up to
=30% calling for individual calibration. Individual predose values of
20 mR to 250 mR depending on the reader type can be determined repro-
ducibly. The zero dose reading of TLD detectors, on the other hand,
may scatter by one order of magnitude due teo batch quality and radia-
tion/annealing history of the single detector.
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In RPL dosimetry perforated filter are used to improve energy
dependence. This is shown in Fig. 1 for the routinely used DOS 2 in
tne spherical capsule 13,117 and for a new automatic RPL system on
205 8 vasis Z4Z resulting in energy independence within +20% above
25 keV. The RPL characteristic is similar to LiF for low energies and
differs mainly for high energy nhotons above scme MeV. Sophisticated
combinations of glass and filter may be chosen such that the reading
is propartional to specific depth doses 15: or fits new guantities
such as dose equiva]ent or dose eguivalent index 671,
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12
EXPOSJURE IN mR
Automatic readout: At Karlsruhe a glass dosimeter system with automa-
Tt readout device has been developed which uses a glass plate of
14x15x1.5 mm® and a perforated energy compensation filter resulting in
an energy independence within -20% above 25 keV (Fig.l) r41. In addi-
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tion, dose fractions in the energy ranges E <30 ke, 30 keV<E <100 key
and € >100 ke¥ can be assessed by apnlying movable screens during read-
out. The reproducibility of the automatic glass dosimeter system (Fig.2)
is characterized by a relative standard deviation of s = 1% above 1 R
and due to predose influences s = 15% at 40 mR. According to these fi-
gures the automatic glass system is comparable to automatic TLD sy-
stems 123. Present readout frequency is around 250 h~! which fizure
can still be increased.

Multi-directional scanning: An experimental setup for automztic scan-
ning along the three axis of a glass cube of 5x8x8 mm® has been reali-
zed for a microprocesser assisted estimation of radiation quality and
direction of radiation incidence (72, In addition to dose assessment
this technique offers the advantage to identify unidirectional expo-
sures above 1 R and to discriminate between penetrating and nonpene-
trating radiation by means of the directly measured depth dose pro-
file in glass.
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Laser pulse excitation: The conventional readout technique of glass
dosimeters proyides a refined cleaning of the glass with detergents
before readout which procedure prokably does nct fit to autormation.
Recently, the fluorescence phenomeron of predose was found to follow
an intrinsic mechanism different from radiation induced fluorescence
{RPL} 781 and was correlated to surface contamination. It decays
rapidly after UV pulse excitation with time constant of 1 <10G ns,
i.e. 10 times faster than RPL., This effect was successfully elabora-
ted for a generai predose supprassicn using laser pulse excitation
{FWHY 10 ns). Fig. 3 compares results of conventional DC with laser
pulse excitation fcr a heavily surface contamined qlass detector
without any cieaning procedure applied. The new readout techricue is
good for exposure assessment as low as 10 mR or even down to G.1 mR
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when using the time constant - itself as a measure for dose {91. Pre-
sent improvements at Neunerberg concern the application of a compact
nitrogen laser, electronic noise suppression and computer assissted
signal processing and data interpretation (101,

CONCLUSTIOH

Large-scale application in personnel monitoring apparently by-passed
phosphate glass dosimetry in the past. The reason for this evolution
seems rather random, retrospectively. Definitly, glass dosimetry com-
bines the capabilities for repeated evaluation, long-term documenta-
tion and analysis of radiation field parameters appreciated from film
dosimetry, with the advantages of solid state dosimetry, i.e. the
accuracy of dose measurement, the Tong-term stability of the stored
RPL signal and the ability tc perform internediate ecvaluations during
long-term exposure. Unlike other sclid state dosimetry methods, glass
dosimetry lends itself to automation because of the simple and straight-
farward reader calibration and read-out procedure. Reading time can be
a fraction of a secand. Based on known fluorescence centers that are
not distroyed by readout and an extremely good batch and inter-batch
uniformity, detector readcut is by far independent of the reader.

This enables, with the same dosimeter, repeated or even freguent read-
out during tne monitoring period, e.g. for exit controls in power
reactors, and subsequent control reading at a central dosimetry ser-
vice if necessary,

These capabilities may truely simplify and improve the organiza-
tior of operaticnal radiation protection. Angther aspect i3 the per-
manent availability of information on a person’s accumulated dose
without any furiher data processing. Last not least, the energy depen-
dence may be adjusied by change of glass composition and filters such
that it fits the energy function of the gquantity of interest, e.q.
expcsdre or absorbed dose, organ dosec or deep dose eguivatent index.

REFLRENCES

L 17 Joketa, R., Muto, ¥, havi,J. and Yamaji: Health Physics 20,
1571, 662

¢ 2. Manufacturer Schott u.Gen., Mainz, F.R.G.

32 Piesch, E.: Developments in RPL Yosimetry, im Topics in Rad.
Dosimetry, Academnic Press, New York, 1977, p.d&Z-527

~ 41 Rober,H.-G., Burgkhardt,B.  Piescn,E.: 6th Int.Conf.501id
State Dosimeury 1980, to be published

. 57 Pjesch, E.: Health Physics 15, 1968, 145

. 67 Sapiecha, H.: private communication

i 77 Kdnig, W.: KfK report to be published

[ B2 Regulla, D.F.: GSF report NoS 466, 1977

[ 92 Barthe,J., Bonvard,G., Commanay,L.: Health Physics 29,1975,213

(103 Regulla.D.F., Schneckenburger, H,, Unsdld,E.: to be published

r1i2 Keoelzer,W., Kiefer.H.: S5th Int.Conf.IRPA, 1980, Abstract Mo 1030

t122 Piesch,kE., Burgkhardt,B.: report KfK 2626, 1978



TRACK STRUCTURE CALCULATLION OF THE THERMOLUMINESCENT YIELDS
OF HEAVY (HARGED PARTICLES*

Yigal 5. dorowitz and John Kalef-Ezra

Uepartment of Physics, Ben Gurion University of the Negev, Bceershova,
Isract

Lxtensive offort is curreatly being invested in the investigation
of the use of LiF thermoluminescent dosimeters (TID) in exotic radia-
tion fields, such as mixed neutron-ganma and high LET particulate
radiation fields. For this reasun 1t is important to investigate the
relative TL response, w, to varlous radiation fields (n is defined as
the TL signal/imparted enerpy by the radiation field in question/7L
signal/imparted energy hy Co-60 v rays, both at Jow absorbed doses of
the irradiasted mass). The question of the universulity of the TL-LET
hehaviour is especially pertinent to the use of LiF-TLi's in nixed
rn-y ar charged particle radiation fields. TFor example, larpge discre-
pancies exist amony published fast neutron sensitivities and high
energy clectron sensitivitlies cven 1n the czses when the problem cenn-
ected with the deteminution of the imparted enecrgy are claiced to be
solved. Unfortunately, the possibility of non-universality of the TL-
LET respense has buen generally overlooked, perhaps, because it has
been proposcd [Tanaka et al., (1) and many others) that, indeed, the
relative TL-LET response curve is universal, i.e., the stopping power,
S, of the directly dondzing radisticen is the dominant factor that
influences the relutive TL response and that there is a unigcue curve
o= n(8) common to many TLE materiais. Our purpose is to show that the
situation is far more compijcated than the simplistic plcture propo-
sed by Taraka et al., and others.

In the first instance many proups have reported data that 11lus-
tratce that the n of a particular type of radiatiorn depends on the
type of dosimeter (e.p., LiF, LiyB.0;, BeQ, CaF,, quartz, etc...).
Furthermore, we have carried out extensive studies {2,3) irracdiating
various batches of LiF and Li,B.0, (llarshaw 1LD bulb dosimeters) with
15,54 me¥ neutrons and 3.8 MeV alphas, which showed that purcnasce of
a particular type of TLD cven from the same supplier and with the same
nominal dopant concentratiens (Mg, TL in LiF, Mn in Li,B.0y) does oot
guarantec identical or even similar TL-LET responsc characteristics
(Table 1.

Another question in the applicuticn of the dependence of n un

LET of a particular dosimeter is whether the LET of the iopizing
radiation is the enly parameter of the radiztion field that *nfluences
%, or whether other parapeters of the radiation field (e.g., the
velocity of the dircctly lonizing particles) have to be taken into
dccount. We have thercfore studied the TL induced in LiF-TLD's by
Tfissign fragments using & 5 pm mylar degraded flux from a Cr-232

*Partially supported by the U.5.-Israel Bi-National Science

foundation Contract 1517.
I

'In partial fulfillment of the requirements for the Fh.D. degree in
physics.



source in vacuum (4), Approximately 1/3 of the imparted energy arises
from fission fragments with average specific LET in LiF-TLD of approx-
imately 3-10% MeV g~lem?. Most of the remainder of the imparted encrgy
arises from o particles cmitted from CE-252.

Table 1. Relative Response of Li¥F and LiyByOy to neutrons and alphas

13.54 me¥ Neutronsg 3.8 MeV z particles
Type Batch n Type Batch n
LiF 1-TLD-100 0.340:0.007 LiF 1-TLD-100 0,17040.024
LiF 2-TLD-600 0.420k0.007 LiF 2-TLD-600  0.210£0.007
Li,B,07 1-TL.D=-800 0.775=0.007 LiF 3-TLD-700 0.290:0.013
LipBLQ7 2-TLD-800 1.10540.047

All the models predicting the dependence of n on LET and the
experimental data on r versus LET indicate, te the best of our know-
ledge, a decrease of r, with increase of LEL in the region of high LTT
For example, the onc and two trap model (5} usea by Jihnert predicts
relative TL efficiencies (fission fragments to 5.4 MceV alpha parti-
cles) in LiF-TLD's of 0.05 and 0.23 respectively. We have measured a
value of wep/ng = 1.26 = 0.28 in scrious contradiction to these pred-
jeticns (the statistical error comprises only a small part of the
indicated total crror of nff/na.J. This result tegether with other
published experimental data hint at the multiplicity of the TL-T1ET
function, i.e., the type of the dircctly lonizing particle must be
taken into account in the study of n versus LET and that at least in
the high LET region n increases with particle mass for a particular
LET.

THEDRY

The reduced relative response of LiF-TLD to high LET radiations
1% widely explained to arise from the recombination of the liberated
charge carriers by the primary heavy charged particle, or from satur-
ation of the activator sites (which depends on the concentration of
locally available activators] or from hoth effects. The influence of
these ¢ffects on n must be treated in a three dimensional model which
takes inte account the delta rays, which escape from the heavily irr-
aciated column around the path of the primary particle and produce TL
signal with high efficiency. The radial distribution of absorbed dosc
inparted by the ejected electrons around the path of the heavy charged
particle determines the track structure and is believed to be a rele-
vant paramcter to describe the radiation end effect. In the theory of
track structure (6) the dose-response function of a system to gamma
Tays is coupled with the spatial distribution of dose from secondary
clectrons to yield the response of the detector te the heavy jon.
Information about the ability to preoduce TL signal of the heavily
irradisted volumes around the track can be arrived at using electron
dose-TL response.

Such calculations reguire the knowledge of the dose-TL response
dependence of the particular dosineter under study. We define a dose
response function, f{D), to be the ratio of the 1L responsc (TL
signai/imparted energy) at a particular sbsorbed dose from a radiation
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field to the TL response at low dose from the same radiation field.
Since f([}} is quality dependent and the mean energy expended per ion
pair formed is energy dependent for low energy electrons, the dose-
TL response must be generated by electrons of initial spectrum (as
far as this is possible} similar to that of the initial electrons
ejected by the heavy charged particles, HCP, and not by y rays as is
usually applied in the theory of track structure {6,7). Since the
maximum energy of ejected free electrons by a 4 MeV « particle is
ahout 2 keV, it is therefore improper to generate and use a £(D)
function using electrons with initial energies two orders of
magnitude greater,

If the heavy irradiation in the wake of the densely ionizing
HCP is the only effect that governs the dependence of n on the LET
of the radiation and there exists cylindrical symmetry on the radial
distribution of the absorbed dose, D{(r,{,W}, imparted by the ejected
particles around the track and along the path of the HCP (with average
path length R in the TLD) the n of the radiation will be given by

f(D)D{r,L,W) 2rrdrdL

(1}
D{r,£,W12nrdrdf

The radial distribution of absorbed dose in nanometric scale for
various HCP (protons, a particles, 1-127 ions etc,.. } D{r,¥} have
been calculated by W. Baum and collahorators {8) based on their meas-
urements of the ionization current produced by a movoenergetic beam
of particles within a small movable ionization chamwber of transpa-
rent mesh located in a large cylinder filled with tissue equivalent
gas at variable low pressure.

The radial distance in LiF-TLD from the data in tissuc can be
simulated using the relation

.oe,t e,LiF
I - AT o
TLiF T Tt ‘;l'i T 1 (2

where (dE/dx}®°%/(dE/dx) & 1 is the average ratio of the stopping
power of the ejected electrons in the two media, and the radial
distribution of absorbed energy in LiF, Dpip{rLif.%} by

- 2 .
- o - iE_HCP,Ll%EHCP,t Jonir ? QEe,LlF Eie,t S
LiF‘“ LiF! dE dE o, dg dt t e’

tis
HCP,LiF HCP,t

where (dE/dE) / (dE/dE) is the ratio of the mass stopping
power of the heavy charged particle at erergy W in LiF and tissue and
BLip Pp AT® the densities of the two materials.

RESULTS AND DISCUSSION

Preliminary results werc obtained via H-3 irradiation of LiF
{TLD-100). The mean encrgy of the emitted beta particles after aprro-
priate backscattering corrections was calculated to be 6 keV. Beta
particles were preferred over ultra-soft X-rays and lower energy
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electrons in order to assure that similar volumes of the TLD's were
irradiated by the clectrons and the IHCP cmployed.

The caleulations for 3,8 MeV alpha particles stopping in the TLD
lead to values of n about two to three times greater than those we
measured with the same TLD's (even allowing for a factor of two errvor
in the dose determination, n changes hy only 20%}. In addition we
have calculated the ratio of the TL response of 33 MeV I-127 ions to
the TL response of 3 McV a particles to be approximately (.25, while
we have found cxperimentally that the ratio of the TL respunse of
degraded Cf-252 fission fragments {with mean e¢nergy of the light and
heavy fragments 4% and 31 MeV respectively (4]) to the TL response of
5.4 MeV ¢ particles (both stopping in the TLD) 1s five times greater.
Unfortunately radisl dose distribution data for 1-127 ions at lower
¢nergies are not avallable, so that the. calculation could not be
carried out over the entire rtange of the fragments., These results
were obtained with dosimeters anneasled in air and there exists the
possibitity of surface contamination altering the TL response to
HOP's and to beta particles. We are therefore repeating thesc exper-
iments using more sophisticated techniques to eliminpate such a
possibility (107,

Tochilin et al., (9) measured the dose response funcilion of BeQ
to X-rays with effective energy = 9 keV and found for 10,4 MeV/armu
C-12 and Ke-20 ions n = 2,06 4 0.14 and 2,25 2 0.38 respectively.
Application of our methed using data for 9 MeV/amu 0-16 ions leads to
n= 1.5,

These results indicate that the waln (if not the only} effect
that poverns the values of n is the local concentration of the
imparted energy around the track of the BCP and point to the possi-
bility of calculating the TI response of any dosimeter to any ionizing
radiation field (e.g., epithermal and fast neutrons) by measuring
enly the dose response function to electrons. Further investigations
we aTe carrying out in our laboratory will explorce the extent and
accuraty of the applicability of Track Structure Theory to
thermoluminescence,
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EVALUATION DE LA DOCSE COLLECTIVE A L'ECHELLE ZURCPEENNE DUE
% DES REJETS ATMCOSPHERIQUES

Alain Després, Jacaues Le Grand, André Bouville,
Jean-Marie Guézencar

Département de Protection, Institut de Protocticn etde Sidret
Nucldaire - Commissariat 28 1'Fnergie Atemicue,B.D. n° 6
F 92260 - Fontenay aux Roses.

Le orogramme de calcul DOSCOL a pour objet la détermi-
nation de la éose collective délivrée 3 1'ensembie de le
population d'Europe de 1'Quest, par irradiatiorn externe et
par inhalation, due 3 un reijet corntinu et A4 débit constant
d'ur gaz ou d'un aérosol radioactif, en un point guelconmue
du territoire europfen.

Ce calcul nécessite la mise en oeuvre du programme
TALD (1), {2), guil celcule les concentratiors atmosphérigues
intdégrées annuelles, et les données dérmographigues relati-
ves 4 l'enserble de 1'Buropo de 1f0uest, disponibles sur
ene nande magnétique élaborée antérieurement {3} . Sur ceite
bande, l'Eurcpe de 1'Ouest est divisée en carris ¢'environ
10 xm de cdté. Pour l'application au code DOSCIOL, et afin
de ne pas multiplier les calculs, il a &t& décidé, dans un
premier temps, de regrouper ces populations sur une grille
dont la maille est d'environ 104 km2. Cette population est
supposfe concentrée au centre des mailles.

Les &guivalents de dose effectifs collectifs, pour une
concentration unitaire, pour 1'inhalation et l'irradiation

externe, sont tirés de {3). Ils sont rapmelés dans le
tapleau 1.

1. UTILISATICON DU PROGRAMMI TALD

1.1. - Présenctation

Le calcul comporte deux é&tapes successives

~ {'Etablissement des frafecfcines suivies mar le polluant,
& partir de données mét&oroliogigues réelles

;
- fe cafcu? des concentrations dans le nuage associé 4 ces

trajectoires. Le meddle de diffusion adoptd est un nodéle
"panache™.

Le rejet est décomposé en rejets élémentaires bi-guo-
tidiens. Une trajectoire est tracfe pour chacun de ceux-ci;
elle est supposée représentative de 1l'ensemble de celles
cai pourraient &tre tracées durant les douze heures de
reijet.

Le tracé des trajectoires est effectué & partir des
données météorologiques. Pour les années 1875 et 1976, la
vitesse et la direction du vent rmoyen entre les surfaces
ischares 850 b et 1000 rk, 8 O h et 4 12 h chague Zcur, en
400 points de la grille de prévision météorologique ont EtE&



fournics par la Météorolcgle Nationale. Cette grille est
approximativement limitée par Jes méridiens 20° W ¢t 20°FE,
cl. par les paralléles 30° N ot &5° N,

I1 faut connaitre d'auczre part la direction ot la
vitesse du vent auopoint d'fimission durant les années 1975 et
1976. Ces vents sont répartis en hult classes en fonction de
leur direction.

les btrajectcires sont tracfes par segment, en suppo-
cant les conditicons métécorologiques constanteos Adurant & h.
Durant les 3 promiéres heures, on utilise le vecteur viies-
se du vent au point d'émission, ef ensuite lo vectcur vitesse
moyen entre 850 ¢t 1000 mb fourni par la Météorclogic Natio-
naie.

Le calcul des concentrations vepose sur un certain
nombre d'hynothéses dont les plus importarntes sont colles
aul permettent 1l'ermplci d'un redéle de nanache uaussicn
{vent congtanten vitesse et direction; diffusion longitudi-
nale négligeable devant le transport par le veni).

On suppose gque l'@palsseur de la couche de mélange
cst e 1000 m sur l'Eurowme Qccidentale ct que le rejot est
ocffectud au sol.

Les Ccarts-types etag_ de la distribution de la
concentration darns les erectLons perpendiculaires 4 1'axe
parache sont calculés &4 1l'aide de relations de la forme

o = (at)KX
oft L est le temns de transfert, A et k sont des paramétres
dépendarts du temps de transfert.

L'apnauvrissement du panache di au dépdt sec et 4 la
décrocissance radicactive eost nris on compte. Par contre lo
déndt par terps de pluiec ne l'est pas.

Lo programme DOSCOLN a été appligué 4 des reiets hypo-
thétiques de 1 Ci par an de B5Kr, de I311 et de ?39py, A
partir due Cerntre d'Etudes Nucléaires de Saclavy, pour les
années 1975 et 1976, années pour lesquclles ncus nosstdons
les données météorologigques nécessaires a l'exnloitation du
orogramme TALD.

1.2. - Résultats
I.2.7. - Inffuvnce du dipét -

nlors gque le rapport des factecurs de dose irradiation
externe du 85 kr/23%u est de 28,1, le rapport des doses col-
lectives est de l'ardre de 100. Il s’ eﬁsult que la prise en
compte du d&pdt sec {vgq = 5.10 "3 m.s7l) diminue, pour Le sife
conadiding, les doses collectlves,a un facteur voisin de 3.
1.2.2. - TIajfuence de fa dichodssance raddoactive

Cette influence apparalit lerscue l'on comparc les résul-
tats pour l'iode ct le plutonium. Le rapport des facteurs
de dese irradiation externe 1/Pu est de 4890. Le rappcrt
des doses est de 4260. Pour 1l'inhalation,_le rapport des
facteurs de dose est 9,2.1077: il cstde 8.107 7 pour leos doses
collectives. Ceci signifie que, pout £e Aife consdding, lavrise
en campte de la décreissance radicactive de 1'icde (T /2 =8 9)
ne modifie pas sensiblement les doses.
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2. UTILISATION Z'UN MODELE A TRAJECTOIRES REOTITICNES

Lo modéle & trajectcires rectiliones ut.ilistt est dé-
crit dans (3). C%est un modéle de panache gaussicon qul prend
en compte les phénoménes d'appauvrissoment de décroissance
radinaciive ot les phéneménes de réflexions sur le sol et
aur lo scomet de la couche de rmélange. Les conditions de
diffusion sent celles de schéma de DOURY (3}, etdéfinies
par les conditions de stabhilité et la witesse &u vent. On
tient compte de roses des vents différentes nar temps sec et
par temps de pluic, Les probabilités d'odeurence des diffé
rentes conditicns de diffusion ont été calcoculécs d partir
des données chservécs sur le site et feurrnics par le
Centrc d'btudes Nucléaires dc Salcav.

Leg dennées relatives d Jla nopuiation sont celles
présonties dars (3], mais réparties en 104 sectcours de
couranne (8 sectours et L3 rayons de couronnel , 4 partir de
la grille de 10 km de co@té.

3. RESULTATS — COMPARAISON DES DXUX MODELES (Takleau 2)

al lxamen global des anndes 1975 et 1978 (dndZpendamwent de Za dixec-

Livn dy D'Emeasion, - Les doses ¢ollectives obtertes avec
DOSCOL sont. 2 4 4 fois plus faibles que celles obtenues
avee le modéle 3 trajecteoires rectilignes. Par ailleurs, la
variatiorn d'une anréc 4 l'aubtre est au maximum de 20%, les
fcarts les plus orands €tant obtenus avec le modfile d trajoc—
toires rectilignes, Tl faut toutefois remanoucr cue, hion que ces
différonces ne solent pas trés significatives, les valeurs do
1976 nont infTérieures dcelles de 1975 avee le modéle & tra-
jectoires reactilignes, aleors qu'eliles sont sup@rleures avoo
le meddole DOSCOL,,

Lt FBihude de £'annfe 1975, par section d'Emfasdcn - Le moximto, pour Je
madfle d Lrajectolres rectilignes, est obtenu gquand Je wvent
vient du Sud (influerce de 'agglordraiion perisienne) et du S-W voents
dominants & Saclay). Avec le modéle DOSCOL, ce raximir est atteint
lorsque e vend viernt du X et du N-FE ., Cetle anomalie est due au fail
que d'une part dans la grislec pepulation utilisée dans le
code‘ DOSCCEL, la porulation parisienne csl regyeunde cnun point.
situé au Scd du poinld'érmission, et d'autre part gue los
trg:ecLoﬂrns gont rarement rectilianes aux échelles de
disiance cconsidérées.
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et globalement pour les années 1975 et 13746

1 - Par le modle DOSCON
2 - Pur le modle & majectoire rectiligne,

exprirnés en hotwme—rem pour un rejet de 1 Cf fan,

- ] . 85 23% T 13t
RADIOELEMEN T Kr . f
L -4 s 1 -2
Irradiation externe 3,74 1C 1,33.1C i 6,5.10 :
‘ - .\_._..._\___._4. _— r —_—
Inhalation 0 8,48.10 ! 7,82
Tableau 1 - Fucteurs de dose utilisés, exprimés en rems par Ci.s, m
B ! TOTAL
N NE E SE s posw W KW 1575
-5 - -6i -6 -f -f -6 B -5
8 1|1,36.1077]1, 54,10 3 3,09,10 |1,3.10 1,030 7 13,82.10 " |5,94.10 |5, 64.10 4,97.10
d.ext, -6 - - -6 -5 -5 -3 -3
Trad.ext. 5 1s 07.107% |3, 63.10 0 |4,27. 107% |5, 24.10"® | 2871077 11,80, 107" 11, 23,1077 | 2,62.907° |8, 16,10
4 . Y B B 4 4 -4 -3
1(6,96.10  |7,07.10 4 1,74,10 ~ 4,30.10 5 2,68, 10 3 1,04.10 72,3310 2,4.10, 2,22.10
Irrad . ext, -4 -4 -4 -4 -3 -3 -4 -4 -3
131 TG EXL 52, 41,10 " |2, 80,107 |2, 85,10 |ﬁ,s<;1.1n 2,51.10 °|2,20.10™ | 6,33.107 7|2, 65,10 © |7,42.10
I -2 -2 -z - -3 -3 -2 -2 -2 -1
Ishal 1}8,37.10 " |§,5.10 © |2,1.10 © i5,17.10 13,2210 "|1,25.10 © | 2,&.10 2,49.10 2,68.10
al, i
-2 -z -2 -2 -2 -z -2 -2 -1
212,01.10 " |2,26.10 " |1,88.10 " [4,26.10 ©'2,29,10 |1,74.10 " ! 5,40.10 | 2,23.10  |5,K3.10
-7 -7 -& - -9 - - - -7
1,610 1,66.10 |3,97,10  |1,06.10 | §,54.10 :‘2,6.108 5,5.108 5,7.10 5,21.13
Irrad.ext, g 8 8 7 7 7 § 5
2395, 214,56 10 [5,75.10 |5,70.10 |1,23.1C [5,94.10 '|4,46. 10 , 1,32.10 | 5,43 10~ |1,51.10
1
1 106 166 1 34
Inhal, | 020 060 253 67,3 41,2 66 35 363 3320
2 226 254 212 477 2536 [ 1920 612 248 6458
Tableau 2 - [Hitributon des &guivalents de dose effectfs collecHfs, par secteur d'&mission pour l'année 1976,




THE STATUS OF RADIJACTIVE WASTE MANAGEMENT: NEEDS FOR REASSESSMENTS

Merril Eisenbud

Inetitute of Envircnmental Medicine, New York University Medical
Center, 550 First fAvenue, New York, New York 10016

The purpose of this paper is to examine several aspects of
the radivactive waste problem in tne hope that so doing may
emphasize the need for a fresh examination of not only the sxamples
to be given, but Lne entire multifacited subject.

Wastes from Biomedical Clinics and taboratories

It has been estimated that U.S. bjomedical laborataries
shipned a total of 2487 curies of radicactive waste to the burial
grounds in 1978 (1}. Relatively short-lived nuclides such as P-37,
[-131, 1-125, and 5-35 contributed appreciably to the total.
Beczuse these nuclides have half lives measured in days, the
reported annyal shipment must be corrected for decay. Assuming
that the wastes are generated at a uniform rate throughout the
year, and allowing for decay, the total accumulation at year end
would have totaled about 1300 curies. Seventy-two percent of the
radicactivity would be due to two nuclides, tritium (720 C3) and
carbon-14 (221 Ci).

These guantities of tritium and carbon-14 are insignificant as
a votential source of public exposure. Both nuclides are produced
in nature by the interaction of cosmic rays with the atmosphere and
both have been produced in even greater amounts in the testing of
nuclear weapons. The worldwide steady state inventary cof natural
C'* is estimated to be 230 x 10 Ci, which delivers a dose of about
4.7 mrems per year to the world's population (2). It is estimated
that by 1972 a total of 5.8 x 10° Ci were injected into the atmos-
phere as a result of weapons testing. This one source was ecuivalent
to more than 2000 years of natural C-14 production.

If all €-14 used in biomedical laboratories in the United States
were incinerated to !'°C0,, the steady state environmentat invertory
would eventually increase the dose from C-14 by less than 0.507
millirem per year.

Tritium accounls for about 53% of the waste radicactivity
produced in 1978 by the biormedical facilities, a total of about 720
guries. This nuclide is alsc produced naturally by cosmic ray
interactions, and the worldwide steady state inventory is estimated
to be 34 x 10° C1 (2). The dose from naturally-occurring tritium
is estimated to average 0.C01 nrem per year. Tritium released
without restriction by biomediczl ciinics and Taboratories would
gradually diffuse into the environmental hydrogen ool ard “is
contributiorn to the human dose would be proportional to the amount
present. The increase in dose would be about 2.902% of the tritium
background dose of ©.001 mrew/yr.
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Tritium, like C-14, was a'so produced copiously in tests of
thermonuclear weapons, which resulted 1n injectian of an estimated
4500 x 10% C3 into the environment. This was more than 1OQ times
the steady state inventory from ratura’ SourCes. The nuclide is
also produced by nuclear reactors, which discharge between 3.1 and
1 Ci per megawatt electric {MWe] per year.

The figures given are of course applicable only to the wastes
yenerated in the U.5. llowever, if the amounts were to be midtiplied
tenfold, which would te more than sufficient to account for wastes
generated by all countries, the glebal impact of the incinerated
emissions would still be negligible.

There remains the problem of evaluating the potential for
exposure to individuals who live clase to the incinerator and may
therefore be exbosed directly to the incinerator nlume,

For purnoses of estimating the potential magnitude of such
exposure, it is assumed that a single large facitity discharges 1%
of the total guantity of radicactive wastes generated by the
medical facilities and universities in the U.S, The wastes are
incinerated, and the gaseous products are discharged at a uniform
rate for 200 days per year, 8 hoyrs ner day. The exhqusy‘gases are
discharged from the incinerator stack at a rate v 1 m” s -. For
planning purposes, it is specified that members of the general
population should not be exposed to more than 10% of the limits
recommended hy the International Commission on Radiclogical
Protection and the National Council on Radiation Protection and
Measurements.

The concentration of tritium and C'* would, under these con-
ditions, be 62 and 3.2 times the target level of 0.1 MPCa at the
point of discharge from the stack. Even under the most adverse
meteorological conditions, the effluent would be diluted within a
few meters to concentrations well below the target level.

from the above, it appears that the biomedical and clinical
laboratories could be permitted to dispose of most of their radio-
active waste with no regulatory reguirements other than those
applicable to the wastes because of their chemical or physical
characteristics. Instead, procedures established for management of
these wastes are of themselves a waste; they waste time, money and
resources. The elaborate record keeping, the careful packaging,
the shipment for long-distances and the burial practices themselves
are an unnecessary ritual.

Some Perspectives an High Level Wastes

The problems assaciated with the management of high level
wiastes are of course far more complicated than disposal of Tow
level wastes from biomedical facilities. Apart from the fact that
the subject is more complicated technically, a rational approach
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to high level waste management has become entangted in & morass of
political and quasi-scientific considerations to such an extent
that the future of nuclear development in several countries 1s 1in
seopardy because of what I believe is a widespread misperception
that a feasible way of managing high Tevel radiocactive wastes has
not been demonstrated. We should not at this point become involved
in the question of whether nuclear power development should be
encouraged or discouraged. That question is beyond the scope of
this paper and, in any case, should be settled independently of the
question of how to manage radioactive wastes generated by nuclear
power.

One of the most pressing questions is whether Righ Tevel
wastes can be isotated from the bicsphere for a sufficient period
of time by emolacement in geological repositories. In the debate
over this issue, we have lost sight of the fact that mineral
deposits in a wide variety of chemical forms remain isolated in
rature for hundreds of mitlions of years under many environmental
conditions. Pernaps we have been negligent until now in nct
having studied the many opportunities provided by mature. The
mobilization rate of 2 deposit, and its rate of entry into the
biosphere, should be guantifiable in terms of the properties of the
deposit and hydrological and geochemical parameters that are
capabie of description. We shouid develep models that describe the
physical and biological transport of trace elements from deposits
found in pature. Studies of this kind have only recently begun and
are few in number.

The natural reactor at the Oklo mine in the West African
country of Gabon is one excellent example of what we can learn from
nature {4). A study of the Morro do Ferro in Brazil is of more
recent origin, having begun early in 1879 (5,6). The Morro do
Ferrc is a hill in the State of Minas Gerais, near the surface of
which is an estimated 12,000 metric ton deposit of tnorium that is
believed to be as oid as 8J million years. Because the deposit is
in an advanced state of weathering, and because of the close
chemtcal similarities between thorium and plutonium, studies of the
rate at which the therium is being mobilized from the deposit
shoula provide useful information about the behavior of plutonium
in & geological repository that has been breached.

~ Any conclusion that high level wastes cam be isolated from the
biosphere requires agreerient as to the lergth of time for which
isclation will be reguired. Pigford and his associates {7) have
argued that after only 1,000 years, the potential risk is no greater
than that from the ores from which the uranium was originally
obtained. This appreoach is subject to the criticism that the
retative hazard of the various nuclides depends on their chemical,
physical ard biolegical proserties so that, curie for curie, the
hazard indices may not be equivalent. Nevertheless, this analysis
does_serve to drive home the message that although some of tne
nuclides in high level radioactive wastes may have Tong hal®-lives,
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they are present in relatively small quantities after a relatively
short period of time. Storage times of a few thousand years are
well within the range of human experience. There is a need to
achieve a consensus as to the length of time during wnich the
wastes must he isolated from the biosphere. It would heip to
resolve the contemporary controversy if there could be agreement
that we are in fact concerned only with the reed to tsolate the
wastes for about 1,000 years.

What Should Be the Role

of the Marine Environment in Radioactive Waste Management

1 will now turn to the oceans as an examule of a neglected
environment that deserves a roie in any program of radiocactive
waste management. The oceans cover 70% of the earth's surface and
are the recinients of vast quantities of organic and inorganic
debris carried into them by the rivers of the world.

More than two decades ago (8,9}, the Naticnal Academy of
Sciences began to examine the problems that would be encountered if
the pcean were to be used for disposal of radioactive wastes.

These ard other studies estimated that huge quantities of radio-
nuclides could be placed in the ocean deeps without hazard. However,
a great prejudice has developed against using the ocean for waste
disposal of any kind {non-radicactive as well as radicactive) and

the U.5., aiong with many otner countries, has stopped ocean
disposal, even for lTow level wastes.

Society must be careful that the oceans as an ecosystem are
not damaged by indiscriminate dumping of wastes. MWe nust be
careful that we don't allow accumulation of chemicals such as PCBs
and D07 that degrade slowly and are known to be toxic to aguatic
biota. But if we can find a waste form that can be deposited in
the oceans subject to some common sense restrictions that will
avoid ecological or cosmetic injury to the ocean environment, then
why should we not take advantage of the opportunity.

Testing nuclear weapons has resulted in widespread dissemina-
tion of a broad spectrum of radionuclides in the oceans, particu-
farly the Pacific., The total explosive yield of these tests is
estimated to be about 366 megatons (MT) of TNT equivalent {10)}. Of
this total, an estimated 72 MT was exploded under ground and can be
neglected for the ourposes of these discussions. The yields of all

explosions conducted above ground {or under the oceans) thus total
284 MT.

_ Sources guoted by Miskel ({11} estimated that 41% of the total
ylelds were due to fusion and the remainder to fission. Using
these ratios, it can be estimated that the fusion component of
atmospheric explosions through 1978 totaled 122 MT and the fission
component totaled 172 MT. As noted earlier, the bombs produced an
estimated 4.5 x 10° Ci of H? and 5.8 x 10° i of C°*.
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The fission and activation products produced by the exolosions
have been disseminated throughout the world, have entered the
biospnere, and have been the subject of intense study by radio-
ecologists from many countries. The data have heen summarized
etegantly in the periodic reports from the United Nations Scientific
Committee on the E<fects of Atomic Radiation (UNSCEAR!. however,
reference to tnese reports shows that the dose estimates to human
popdlations has been estimated from studies of the terrestrial food
chains. This, despite the fact that the oceans cover 70% of the
earth's surface and that many of ihe larger tests were corducted on
Pacific atolls where fallout in the vicinity of the tests con-
tributed additional radicactive debris to the Pacific. The dose
commitments from wmazrine food chains have not been taken into con-
sideraticn presumably because tney do not add significantly to the
dose campiitrients estimated from terrestrial foods,

More than 95% of the total explosive yields of the tests took
viace hetween 1954 and 1962, at which time a Timited test han
acrcement was consummated which prevented atrmospneric testing among
tre major nuclear powers. Deposition of the princinal nuclides (H-
3, C-14, Sr-90, Cs-137, and Pu-239) has been well docunernted and
most of the debris has by now deposited an the earth's surface.

Despite the fact that the oceans have been the recipient of
enormcus guantities of radioactivity, marine sources of food have
not cantributed significantly to the dose received from fallout in
those countries of the werld for which data are available. The
UNSCEAR emphasis has obeen on the terrestrial focd chains because
most food 15 derived from land sources. For example, in San
Francisco, where representative diets have heen monitored for
strontium-90 for many years, fish and shellfish account far no rore
thar aboeut 9.2% of an annual strontium-9C intake that has ranged
between about 1,000-3,000 pCi/yr. Similar data have been reported
from diet studies in New York.

Tre Tifetine dose comnitment to endosteal cells of persons in
e e erate zoneg from all strontium-99 sroduced in nuclear
expiesions up to the ead of 1975 15 estirated to be 116 wrad (13).
Based on the San Srawcisco and Wew York datz, the conirihgtion of
marine foods to this dose comndiment would be about C.1%, o (.116
mrad. MNole that this is the dese comnitment, i.e., the dose that
will accrue to an individual ever his lifetime. The dose would of
course be nigher in popuietions wnich consume more scafood than
people in New York or Sar Trancisce.

Measurements of Pacific albacor during the pericd 1965-71
showsd an average Cs'*7 concentration of 74 n0i Kg™! wet (14). If
a perscr consumes 1 Kg of albacor per week, the dose comm?“ment
will be about 1 mrem for each year of fish consumption. This would
ameunt to total dose of aboutl 30 mrem for a 1ifetime of fish
consumption--a dose that is approximately 0.4% of the 1ifetime dose
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received from nature. The dose from consuming albacor is
probably representative of the dose to 1nd1v1dua15 who subsist
on a high proportion of Pacific fish. It is the dose thqt has
resulted from deposition {without precautions) of an estimated
27 million curies of (s!?®7.

The British have set a unigue example by the rational
manner in which they have utilized the marine environment for
disposal of radicactive wastes from windscale. They used
critical pathway analysis to identify the limiting nuclides and
the ecological pathways by which the nuclides can reach humans.
Their preliminary studies hegan nearly 30 years ago, and a
10,000 Ci experimental release of wastes took place in 1952
over a period of about six months. Based on studies of the
ecalogical behavior of the radipactivity releases during this
and subsequent experiments, the quantities relcased were
gradually increased, so that during the period 15953-65 the
relteases ranged from 3742 Ci to 7659 curies per month. The
critical nuclides in these relcases was shown to be Ru‘’f,
which has a half life of 1 year (15}.

Summary

Policies that dictate the procedures for management of
radicactive wastes are being influenced by superstitions and
prejudices that have no place in modern society. Even innocuous
low level wastes are subject to absurd regulations that should
be re-examined. For example, the recent problem encountered by
biomedical facilities in the U.S. because of the closing of low
level burial grounds could have been avoided in the first place
since most of the wastes could be disposed of safely by onsite
incineration or other methods applicable to the nonradioactive
wastes from the laboratories.

Many forms of wastes can be safely emplaced in the marine
environment where an inadvertant experiment resulting from the
fallout of massive quantities of radicactive debris has pro-
vided us with information about the ecological behavior of the
individual nucTides.

Several aspects of the high level waste management probiem
requires reexamination., Perhaps most important is the guesticn
of how long it is necessary to isclate the wastes from the
biesphere. Plans for waste management would be greatly simplified
if, as some believe, an isolation period of 1,000 years will be
sufficient, If longer periods are required, we should look to
nature for guidance. There are many mineral deposits that have
remained in place for tens of millions of years under a variety
of environmental conditions. Knowledge of the factors that
influence the mgbilization rates from those deposits should
greatly assist construction of moedels to predict the behavior
of Tong-Tived nuclides in a geological repository.
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Projections of Organ Doses from Diagnostic Radiology in
Radiation Protection and Control

John J. Fletcher and Herman Cember

Ghana Atomic Energy Commission, Acera, Ghana

Yorthwestern University, Tecnnological Institute,Evanston,
Iilincis, U.S5.A.

"Quality #ssured’ means that we can expect a good image from
a gilven x-ray machine; {t dces not necessarily mean that the dose
from a given procedure is minimized. Since diagnostic x-rays
contribute the largest fraction of manmade readiation exposure to
the public {1,2}, all practical measures should be taken to
minimize organ doses while achieving the best possible film image.
This implies integration of gquality assurance and technique with
vrgan dose estimation. Procedures for diagnostic quality sssur-
ance are described in numerous publications (3,4,5). However, the
estimation of organ doses may be more or less laborious, depending
on which of several methods (which may give different estimates)
iz used (6,7,8,9,10,11). For integration into a guality assurance
program, we found the data in Rosenstein's Handbook on Selected
Organ Doses (12) to be useful. These organ dose estimates asre
based on a combination of the handbook data with measured operat-
ing paremeters of the x-ray machine. The work presented here is
based on measurements under typical operating conditions of two
quality-assured "identical"™ x-ray machines, and demonstrates the
incorporation of the estimated dose to the ovaries from these
operating conditions into "minimum-d ose” quality assurance.

Materials and Methods: The setup used is shown in the diagram
below. All exposure measurements were made
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with an MDH Industries model 1015C x-ray monivor (D-detector,
M-digital readout in the diagram). The detector had an air-wall
chamber whose energy response was relatively uniform over the
range of energies used In diagnostic radiolepy, and the chamber
diameter and length were comparable, thus minimizing directional
dependance {B). Mezsurements were made on 2'identical' Picker
single-phase full weve rectified x-ray machines with G.5 mm Al
inherent filtration and 2.0 mm Al added filtration, which
resulted {n x-rays whoee HVL was 2.3 rm Al when the machines were
operated at 83 kVp. Tor & given projection and view,; SID, field
size, mAys, and kVp, the entrsnce cxposure, E,, was measured in
mR. For kVp values other than 85, the HVL of the beam was
determined from data in NCRP 33(l4). The data in Rosenstein's
hendbook were used to estimate organ doses for several different
diapnestic technigues,

Results: The entrance exposures from the 2 "identical" quality
assured units were found to differ considerably. In a series of
9 measurements at kVp's of 40 to 120, one machine was always
higher than the other; the mean ratio of the x-ray outputs was
1.72 +#0.22!

As an example of dose estimation from a given diagnostic
procedure, consider the dose to the ovaries from an AP projection
of the lumbar spine on 14" x 17" f{lm, when the meosurcd co-
trance exposure was 224 mR, znd the machine paremeters were:

B5 kVp, 50 mas, 81D = 40", and HVL = 2.3 mm Al. From Table 9 in
Rosenstein's handbook, which deals with the lumbar spine, we [ind
the dose to the ovaries from a normalized skin exposure of 1000
mR, under the given operating parcmeters, to be 168 mrads. The
estimated ovary dose, thercfore, is

224 x 168 = 38 mrads.
1,000

To account for field sizes and SID values different from those in
the handbook, the estimated dose, ED, is given by

2
(5ID)
ED = _Ix_ x U'th_.__-—h- x _A
1,000 (51D) A,



where E, = measured entraace exposure, mR

(SID)h = §ID wvalue in handbook

510 = measured value

Ah = fipld size in hapndbook

A = mezsured field size

Doh = noermalized handbook value of organ dose.

When the HVL value differs from these listed im the handbook,
#s in the case illustrated here, then the value for D is
ohtained by interpolation between the handbook valucs. The
second x-ray machine, which was operated under conditions iden-
tival to the first one, produced a skin entrance exposure of
only 152 mit, which leads to an estimated ovarian dose of 26
nillirads.

Discussien: The results of this studv confirm the findings

of other investigators that there may be larpe veriations in
exposure rates from apparently "identieal' machines. Thus, while
muzlity assurance leads to good films, the actual patient dosc
may be questiconable. Since the dose to any organ of concern,
such as the owvaries in the illustrative cxample, is a function
¢f the cperating pesramcters, those parameters should be chosen
not only to produce & good image on the [ilm, but also to
minimize the radiation dose to critical orguns or tissues that
are incidentelly irradiated during radiographlec exsminations,
Incorporating preojected orgsn doses iInto a guality assurance
progran should contribute significantly towards attaionment of
this ohjective.
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COMPUTER AIDED DESIGN OF FAST NEUTROM THERAPY UNITS
A. E. Gileadi*, H. J. Gomberg and I. Lampe, M.D.
KMS Fusion, Inc., P. 0. Box 1567, Ann Arbor, Michigan, L.5.A.

During the last decade several radiotherapy certers all over
the world used fasl neutrons with considerable success to treat cer-
tain types of cancer. Randomized ¢linical studies have shown that
at least some groups of cancer respond better to fast neutrons than
to megavoltage X-ray therapy. Correspondingly, there exists a strong
demand to develop and to construct more and better fast neutren ther-
any machines to make this therapeutic modality available to more
patients.

In an effort to help meet this continuously increasing demand
and at the same time to reduce design costs significantly, a novel
approach has been used at KMS Fusion, Inc. laboratories: A computer
code, TBEAM, has been developed that can determine the physical char-
acteristics of the neutron beam generated in a machine of given geo-
metric configuration and materials' composition.

Neutron flux, energy flux, spectral composition of the inci-
dent beam, collimation and shielding efficiency, activity induced
by the interaction of fast neutrons with various components of the
equipment are among the design parameters determined by TBEAM, These
and several other parameters indispensible to the evaluation of
patient dose, scattered dose, occupational exposure of personnel
are furnished by TBEAM, without the cost and effort involved in the
actual construction of a candidate design. By the same token, TBEAM
is eminently applicable to parametric studies as well as to compar-
ison of the effects of varfous construction materials and geometric
configurations used in candidate designs, and thus to optimization
of design.

Required physical characteristics of the beam are to be deter-
mined by criteria set by the clinician. To be theraoeutically use-
ful, the fast neutron beam should have sufficient penetration teo
treat deepseated tumors, the biological shielding of the facility
should protect personnel and patients. Collimation should be ad-
justable so as to restrict the beam to the size of the area to he
treated, i.e., the penumbra around the edges of the beam resulting
from stray radiation between the treated and shielded zones should
be high. Beam intensity should be sufficient to permit relatively
short treatment times. Induced radicactivity in various components
should be shortlived to avoid both long waiting times between treat-
ments and potential occupational hazards to the operating personnel.
Neutron beams with narrow spectral width are conducive to faster,
more accurate dosimetry.

*Present Address: Detroit Edison, Nuclear Engineering Division,
Generation Engineering Dept., 3331 Big Beaver Rpad, Troy, Michigan,
U.S.A,




[t appears that due to its unique space, time and energy char-
acteristics, a neutron source generated by laser fusion could be
used in a therapeutic facility with considerable advantages. Such
& source, being mgnoenergetic at 14.1 MeV, has approximately the same
penetration as CobU gamma rays; being a point source collimation is
simplified; and since the neutrons are delivered in very short bursts,
the dose can be spread over several pulses spaced intc time so that
the integrated dose, in a given treatment session, can be accurately
controlled.

A typical treatment schedule of 1560 rads, administered in 17
sessfons requires 130 rads per session, Assuming a source-skin dis-
tance of 120 cm, and emission of 4x10'4 neutrons at 14.1 MeV in each
pulse, the average dose absorbed by a superficial tissue layer facing
the incident beam is approximately 1B.35 rads per pulse. Two pulses
per minute would provide a convenient 3 - 4 minute jrradjation time
per session.

Laser fusion experiments are being performed at several labor-
atories on a routine basis. There is considerable experience at
hand that is applicable to the development of a therapeutic facility
that could satisfy all design criteria dictated by clinical consid-
erations. Conceptual design of a therapeutic facility of this kind
is under consideration at KMS Fusion, Inc.

The basic mechanical design of such a fast neutron therapy unit
would consist of a spherical shell-shaped shielding structure at the
center of which is located the point source of fusion neutrons. The
therapeutically useful beam exits through a conically shaped colli-
mating aperture. The opening angle of the collimator could be
varied, according to instructions of the therapist by insertion or
removal of appropriately shaped coltimator liners. Should it prove
necessary, remote control of collimatar placement can be used to
protect the operator from excess exposure to radipactivity that
might have been generated due to orevious exposure of structural
components to the neutron field.

No attempt is made here to describe details concerning the
optical path of the laser beam nor the fuel {pellet) injection mech-
anism, although these problems are being considered. The patient
to be treated could be positioned as comfortably as possible on a
bed-1ike treatment table and could be rotated isocentrically around
the source if the clinical situation thus requires.

TBEAM has been developed as part of the effort toward a viable
conceptual design. The input file of TBEAM contains, among others,
the following design data describing the facility: relative config-
uration of source, shield, collimator and irradiated area, materials’
composition of the shield collimator assembly and of related compon-
ents, source strength, source geomeiry and possibly other parameters
of the facility. Materials' composition data are entered as appro-
priate number densities. "One Hundred Group Neutron Reaction Cross
Section Data Senerated by SUPERTOG from ENDF/B" (published by ORML-
RSIC. DLC-24) 1s used as cross section input file.

TBEAM uses the method of statistical sampling {Monte Carlo) to
solve the space, time and energy dependent neutrgn transport eguation
associated with the configuration and materials' composition of the
design specified by the design engineer. The code traces the indi-
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vidual source neutrons as they propagate throughout the shield colli-
mator assembly and determines the energy and the position aof each
neutron at the instance of incidence. Those results, in turn, serve
as input to a set of subroutines which compute spatial flux distri-
bution, activation and spectral distribution, as requested by the
user. The TBEAM library also contains a graphical package thal puts
out diagrams of spectral compasition, incident flux vs position,
encrgy flux vs position, amd altsn a multicolored diagram of ncutron
traces, labeling points of incidence of uncollided and of scattered
neutrons on the various regions with differently colaored symhbols.

Comparison of TBEAM generated narrow beam attenuation results
show good agreement with published measured data. The TBEAM design
code, due to ts built-in flexibility. can accommodate energy dep-
osition in homogenenus and hetercgeneous media including such heter-
ogeneous phantoms as, e.g9., the standard reference man, along with
the isodose curves reguired in treatment planning.

To make TBEAM applicable to accelerator or cyclotron driven
fast neutron machines, an option has been included to deal not only
with point shaped, but also with plate shaped sources; not cnly with
manognergetic sources, but also with sources of any given spectral
composition. In a sample problem, the results of which are presented
in Table 1, TBEAM has been used to cempare physical characteristics
of fast reutron beams cmitted from two facilities having identical
design except for the sodrce geometry which was a point in Case A
and a circular plate in Case B.

Results of the sample problem and of various other design
studies performed with TBEAM, favor the point neutron source gener-
ated in laser. Fusion. They suggest that, with all other design
characteristics being identical, the point source compared to a
plate source generates a beam having a harder incident spectrum on
the field of irradiation (conducive to better penetration); hetter
collimation (i.e., penumbra/umbra contrast}; better shielding (i.e.,
Tess scattered and leakaye energy flux per unit energy flux on tar-
get and a softer spectrum of the scattered and leakage flux).
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Table 1. COMPARISOM OF PHYSICAL CHARACTERISTICS OF FAST NEUTROH
BEAM A (POINT SQURCE;} ¥S 3EAM B {PLATE SQURCE}

CASE A CASE B
Point Plate
Source  Source

Relative Energy Flux incident on
Field of Irradiation 192 . oo

Fraction of 14.1 MeV RNeutrons in

Total Number Flux Incident on Field

of Irradiation . B5:100 72:100

Ratio of Energy Flux Incident on

First Penumbra vs That on Field of

Irradiation e 1,7:160  10:120
Ratio of Energy Flux Incident on

Second Penumbra vs That on Field of

Irradiation . 0.17:100 4:100

Ratio of Energy Flux Incident on the
Total Body Area vs That Incident on
Field of Irradiation 0.07:100 83:190

The above example is meant to illustrate the capacity of TREAM
to evaluate and compare a wide variety of candidate designs at a
fraction of the cost that would be involved in actual construction
and experimental testing.
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MEASIIREMENTS OF THE EFFECT OF "THYROID BLOCKING™ IN PATIENTS INVESTI-
GATED WITH *7*I-FIBRINCGEN

Lars Jacobsson, Soren Mattsson and Bertil NossTin

Departments of Auclear Medicine and Radiation Physics, Malmd General
Hospital and Lund University, 5-214 01 Maimd, Sweden.

The diagnosis of venGus thromboses with around 4 MBg of '7*I-
labeiled fibrinogen is today a routine nuclear medicine investigaticn.
At the degradation cof the ““*I-fibrinogen, '?°I° is releasec and is
aveilable for thyroid uptake. The biological halflife of fibrinogen is
around & days. To reduce the uptake of '7°1° in the thyroic stabie
iodine is given.

At Swedisn hospitals the patients normally receive 100-300 mg KI
per os daily for 1-2 wecks. The aim of the present work is to study
the 'effect of such a blocking regime on the 731 uptake in the thyroid,

MATFRIAL AND METHOCS

The measurenents were carried out on 25 female patients over 50
years of age, who were given -?"[-fibrinogen for thrombosis detection
in connection with gynecological surgery. The patients were given
300 mg KI daily mostly in 10-1? days after the injection of '2%I-
fibrincgen. The first tablet ¢f KI was given 1 h before injection.

The measurements of the '"*I content in the thyroid were made by
means of a 124 mm (diam) % 1.5 mm Nal(T1)-detector placed in the Malng
low background iron room. The detector was fitted with a brass colli-
mator (100 mm length, 100 mr diameter) which was centered to the neck
between juguiJm and larynx with a neck-to-collimator distance of
10-2C mm. A11 satierts were measured 9-17 days after the injcction. At
this time 80-80% of the ~“*1 was released from the fibrinogen.

The activily remaining in the plasma and tissue was found to give
a background countrate over the neck which was 4-5 times hicher than
the countrate caused by the activity in the thyrcid iisel?. This makes
it imperative that the background correction is accurate.

An individual determination of this background was macde for 14
natients by means of additional measurements over the arm and over the
heart during the first two days. At this time the circulating activity
almost completely makes up the countrate over the neck and therefore
the relation between the countrate from circulating activity over the
arm, tre heart and the neck can be determined.The background on day
9-10 was then calculated by this relation from measurements over the
arm and the heart on the actual day. The value of the background
became somewhat different depending upon whether it was based on the
arm or the heart measurements. The mean difference was 6%,

The reason is the difference in preportions of blood and tissue
within the field of view of the detector. In the results the mean
value of the two measurements was used.

For the group af patients who were measured only on day 9-12 the
subtraction of the background was made by means of a mean value of
the relation calculated from the 14 patients. This value was:

(neck countrate/arm countrate) = 3.7 0.4, The uptake was measured a
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second time on 13 patients, 38-59 days after the injection of *%%i-
fibrinogen. At that time the background activity was negligible.

The data of countrates were transformed into activity in the
thyroid by means of calibration with an IAEA standard neck ohantom.
Because of the creat attenuation coefficient in tissue for the ~7%I-
pnotons, this calibration is not very accurate for individual patients.
fin accurate way to determine the activity of '*%I is to use the summa-
tion peak in the pulse height distribution {1}. This could be done
an the 10 patients who were neasured day 38-59 when the background
was negligible.

RESULTS AND DISCUSSICM
For the 14 patients for wnom an individual background subtrac-

tion was carried out the uptake of **°I in the thyroid on day 9-12 is
aiven in figure 1 as a fraction of the total injected ~“*I activity.

Number -
Meaon: 0.064 %

of patients
$.D.: 0.037 %

L
0 / 1 1 m
0 0.05 010 0.15

Uptake (%)

Figure 1. The content of %17 in the thyroid on day 9-12 as a frac-
tion of injected ***l activity. The shadowed areas indicate uptake
values calculated with the sum coincident method. The uncertainty
due to counting statistics was ~5% (5.D}).

The mean valup was found to be 0.06% with a standard error of
0.01%. If the 11 patients for whom no individual background subtrac-
tion was made is included in the result the thyroid uptake was 0.07%.
Thus the blecking regime usedreduces the thyroid uptake by a factor
of around 200.

it is of special interest to follew the *2°1 content in the
thyroid after the cessation of the blocking the '7%1 activity in the
thyreid of the 13 patients measured between day 38 and 59 after the
*2*I-fibrinogen injection is given in figure 2. The mean value of the
uptake was 0.5% with a standard error of 0.1%. This is around a
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factor of 10 higher than at the end of the blocking. This means that
after the withdrawal of the «I about 3% of tre available *“*I  has
beer taken up by the thyroid.

Number
Meon: 9.53 %

of patients [ S 0. 0309

L F
-

2 r

0 m 1:1? 1 i f_‘n i
0 0.5 1.0 1.5

Uptake {%)

Figure 2. The content of *2517 4n the thyroid on day 38-59 es a frac-
tion of injected *7°1 activity. The cessation of blocking was made
on day 10-12 for 12 patients and on day 16 and 17 for two patients.

Two of the patients with low uptake values have got 300 mg KI
datly for 16 and 17 days respect.vely instead of 13-12 days after
injection.

SUMMARY AND CONCLUSION

A thyroid blocking using 300 mg KI datly for 13-12 days after
injection of *23]-fibrinogen gives a very efficient reductiocn of the
thyroid uptake.

After cessation of the blocking the uptake increases.

Studies of the effect of longer blocking periods with smaller daily
amounts of KI are in progress.

REFERENCES

. Harper, P.H., Siemens, W.D., Lathrop, K.A., and Endlich, H.
{1863): <. Nucl. ¥ed. 4, 277.



REJUCING OUCUPATIONAL RADIATION EXPQOSURES AT LWRs
D, Lattanzi, C. Neri, C. Papa, 5. Paribelli
C.N.E.N.

V.le Regina Kargherita 125 - 00198 Roma - Italia

Abstract:

The paper reviews briefly the occupational radiation
doges received by nuclear power plants personnel, durinz a
period of several years of operation. Comparisons are made
between the data for BWHs and PWRs in order to identify the
more "critical®" reactor type, from a radiolozical peoint of
view. Attention is devoted to GCRs too.

Furthermore the areas which contribute most to person
nel doses are considered and briefly reviewed. The main
actions to be carried out in order to reduce occupational
radiation exposures at LWHs gre discussed.

1, INTRONUCTION

The problem of occupational radiation exposures in
nuclear power plants has been receiving inereased attent
ien in the latest years. Light-water reactors, in particu
lar, are affected by high radiation levels in areas with
high oceupancy factors, what resulte in high occupational
doses, as compared with doses absorbed by workers in other
reactors, e.g. GCRa.

This fact highlights the importance of controlling,
limiting and possibly reducing the radiation detriment to
personnel during the cperation and the maintenance of LWRs.

In order to reduce occupationzl doses we mudt have a
realistic picture of the existing situation; in this pap~
er we shall examine such a picture of the occupational ra
diation exposures at LWRs, with alsc the aim of identify-
ing the reactor type that is more “critical™ from a radip
lozical point of view.

Attention is briefly devoted to the occupational do-
ges in gas-cooled reactors, as compared with LWRs,

In addition we shall try to identify the factors
which affect the doses at LWis, on which it is poesible
to act in order to reduce them.



2, ANNUAL COLLECTIVE DOSES

The dose data examined refer to 29 BWRa and to 40 PWRs
of the western world, ranging from 150 to 1150 MW{e). Such
data were obtained from about 100 reports and from informat
ions directly collected by the Authors in 20 plants. -

The reported values refer to the mean collective doses;
variations in the doses, observed in different plants, may
reflect either basic ditferences in the plant design or par
ticular operational problems. Anyway if the differences in
occcupational exposures among gimilar LWRs could be traced
to differences in plant design, rather than to accidental
causes, it would help in designing better plants in the fu
ture.

The examination of the average annuil radiation detri-
ment allows to make a2 first evaluation of the radiological
risk connected with the operation and maintenance of the
plant; the time trends of the average collective dose equi
valents are of particular interest.in assessing the influ-
ence of plant age on the occupational hazard.

2.1. Light-water-cooled reactors

The general trend, during plant life, of the mean va-
lues of man—rem/year, man-rem/year-MW¥(e) and manmrem/Mwy
per reactor unit is examined., The two lateat variables were
conoidered in order to evaluate the radiclogical cost of
the produced energy and of the installed power. The results
aTe reported in fig. 1 and in table I for all the 69 LWRs..

Moreover, the 56 LWHs with electric power greater than
400 M¥(e), which belong to newer generation, are examined
{(tab. 1), in order to make an intercomparison between the
radiclogical hazard in them and in all the LWRs.

2.1.1. Man-rem/year

The annual colleetive dose per reactor unit has a3 mean
value, calculated over all the years of operation of the
plants, equal to 370 man-rem/year in BWHs and to 315 man-
~rem/year in PWRs.

The behaviour of the average dose as a function of
the plant age shows that, after an initial upward period
of about four years, it seems to reach a levelling off va
lue of about 600 man-rem/year in BA#Rs and of about 450
man-rem/year in PWRs (fig. 1). These data refer to about
300 reactor-years.
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2.1.2. Man-rem/year-M¥(e)

In order to consider on the same basis the nuclear pow
er plants with a different electric power, we examined the
annual mean collective dose normalized at the installed el-
ectric power.

The average values, for all the years of operation,
are about 0.93 man-rem/year-M¥{e) at B¥Rs and 0.75 man-rem/
/year-NW(e) at PWRs.

The time trend shows that, after an initial increase
in the firet 4 years of operation, the mean annual collecti
ve dose per electric power unit increases slightly from B
1.5 to 2.0 man-rem/year-NMW(e) in BWRs and from 0.8 to 1.3
man-rem/year-M#¥(e) in PWRs, during the following six years
(fig. l) .

2.1.3. Man-rem/NWy

The behavigur in relation to aze of this wvariable (fig.
1) shows that, after the remarkable increase during the
filrat 4 + 5 years of operation, there is a levelling off at
a value of ~ 2.4 man-rem/MWy in BWRs and of ~ 1.3 man-rem/
/MWy in PWRs.

Table I describes the situation of occupatiocnal doses
at BWRa and PWRe., It i3 possible to see that the LWRs with
electric power greater than 400 MW(e), which are aleo of
new type, present a more favourable situation from a radic
logical point of view.

For whiat concerns the difference between occupational
doses at BWRs and PWRs, at present time PWRe are responsi-
ble for lower doees: the difference between all BWRs and
PWRs ranges from 16 % to 87 %, while for B¥Rs and PWRa of
the new generation the difference ranges from 41 % to 108%,.
ag far as the annual collective doees are concerned.

2.2 Gap-cooled reactors

In order to make a comparison between occupational
radiation expesures in LWRs and in GCRs we considered the
average annual collectlve doses also in these reactors.

Figure 1 shows the remarkable difference between the
doses at LWRe and a2t GCHa: the mean values in GCRsa, after
about three yeara of operation, are about 100 man-rem/year
per reactor unit and about O.3 man-rem/year-M¥(e). These
values are calculated over 18 plante ranging from 150 to

590 MW(e). o
6



TAaR. I : Comparison between the mean values of annual collective doses in YIRS and Piiis

LRE

ALL Liits LR p 400 Liie
{new generation)
- - L]
¥R Pt A * oiis P A
Man-rem/year [for =211 the years of
operation) 370 320 16 o 510 340 50
Man-rem/year (after 4 + 5 years of
operation) 500 450 30 % 10C0 480 108 o
Man-rem/WMi¥y {(after 4 + 5 years of
operation) 2.4 1.3 85 2.2 1.1 1cC
Y¥an-rem/year-liwe {(for all the years
of operation) €.33 0.75 24 ¢ C.72 1.51 41 <
ran-rem/year-iie (after 4 & 5 years
of operation) 1.542 .8-1.3 [87+54% 1.5 0.8 87 «
Rem/year per indiwvidual {for all the
years of operation} 0.74 .70 & 0.71 C.55 g 4
The percentage difference [S ig referred to the dose value in DPWHs :
A\ = [Dose(B#R) - Dose(PwR)]/Dose(PuR)




3., ANNUAL INDIVIDUAL DOSES

Achievement of low collective doses is a desirable objec
tive but 1t is not sufficient, as it could be achieved by
having available 2 number of well-trained and gikxilled work-
ers who could zccurmulate high individual dosea.

On the contrary, the control of individual doses =zlone
could be achieved by having available a large number of work
ers 8o as to Share the dose =urong them; but in this way the
total dose to personnel might be increased.

Only an adequate balance between the two requirements,
individual doses reduction and collective dose reduction,
can reduce the detriment to workers due to the operation and
maintenance of the nuclear plants; for this reason, in addit-
ion to the collective dcses, the individual doses alse muat
be controlled and reduced. So our survey was extended to the
examination of average annual individual doses at BWHs and
P¥Rs: in this case zlso the situation is more favourable to
the pressurized reactors. The mean annmual individual dose,
for all the yeare of operation, is about 0.74 rem/year at
BWRs and 0.70 rem/year at PWRs, as reported in table I.

4., REDUCING OCCUPATIONAL EXPOSURES AT LWRs

Ap the ALARA criterion is difficult to be applied in
the practice, mainly owing to the lack of a methodolosgy
for assessing the economic impact of the man-rem, 3another
approach might be attempted; thia process includes a3 review
of the occupational doses with the aim of ensuring tiiat the
design and operating methode are such that the exposures
are reduced.

A comprehenasive program to reduce occupational radizt
ion exposure at the new plants ahould be made of several
measures that should act on various areas (fig. 2). The mea
sures to be taien during the design stage should regard lay
out, ventlilation, structural materials, monitoring, radio-
protection program, and so on, while some of the action areas
for consideration ares
1) reduction in maintenance and inspection time;

2) reduction in radiation fields;
3} reduction in failure rate of components;
4} contamination control.

The firest area would include improved accessibility,
which can be obtained by acting on the layout, and careful
maintenance planning.
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The layout of the plant, that i8 the arrangement of
the buildinge, of the working areas in them and of the com
ponents and equipment in the rooms, is a very important -
factor as the availability of space, improved accessibili-
ty and easiness of maintenzance can reduce the maintenance
time, optimize the radiation fields configuration and so
reduce the collective and individual doses. In particular,
potenbially high radioactive components, that may require
frequent maintenance throughout plant 1ife, should be ziv-
en 32 high priority in the plant degign stage as to allocat
ion in areas with low radiation and contamination levels
and separation from other components.

The maintenance planning, that must be an important
part of the radioprotection program, should include preven
tive maintenance programe which could lead to better use -
of time during shut-~down and to doee reduction.

The second goal can be achieved by the use of adequa-
te shielding, both permanent and temporary, and by materi-
ale selection in order to contain fission producte and to
reduce the formaticn of crudj; alsc the cobalt content of ma
terials must be limited. -

The third area would include materials selection for
durability and improved reliability especially of equipment
with high radiologlcal risk.

Finally the contamination control can be achieved by
an adequate and flexible ventilation system, a8 well as
"air-lock" doorso.

At the plants already in operation the reduction of the
doses can be achieved by an adequate maintenance planning
and by suitable administrative and technical procedures esi
ablished on the basis of the informatione given by the moni
toring systenm.

CONCLUSICONS

The cgecupational radiation exposures received by nuel
ear vower plantas personnel afford a method by which the le
vel risk of workers can be evalugted and the "eritical" rea
ctor type can be ldentified; in addition the doPe analysise
isg a useful tool by which the effectiveness of the measur-
ed uded in a radiation protection scheme may be judged.

It is the Authors' belief that the implementation of
the above-considered design measures, evaluated together
through a bilanced program, is a practicable approach that
can lead to considerable savings in terms of cccupational
radiation exposure.

260



WHOLE BONY ELECTRON THERAPY USING THE PHTLTPS SL75/10 LTINEAR ACCELER-
ATOR.

Yuri Mandelzweig, Morris Tatcher and Matk Yudelev.

Rambam Medical Center.
Technion - Julius Silver Institute of Biomedical Fngineering and
Faculty of Medicine, flaifa, Tsrael.

Whele hody electron irvadiation is frequently uscd in the treat-
ment of mycosis fungeides, 3 disesse which may invoelwve large arcas
of the boedy surface. The major technological problems encountered in
whole body electron therapy [(WRBET) are as follows:

1. Lellvery of a radistion dese te a laver I10-15 wm deep uniformly
over all of the patient's hody.

2. Minjmizing contamineation of the beam by Bremsstrahlung ¥-rays
generated in electron interzoctions with matter located between the
clectron source amd the petient.

3. Achicvement of a practical tredtment session time, taking inte
acgount limitations on the maxinun dese rate avallablc and on the
maxinum dimensions of the treatment heam,

In the most commen method of WBET, patients are irradiated hy
beams of 3-4 MeV electrons while standing at a distance of 3-7 meters
from the electron scurce to produce larpge treatment fields (1,2).

An electron scattering laver is necded to achieve satisfactory dose

unifermity, Since the heam intensity decreazses becausce of the inverse

square law while, 2t the same time, the X-ray/electron dose ratio is
ennaticed by preflerential sttenvation of electrons In the scattiering
laver and in air, this method requires an accelerator with a4 high
elpetron output together with a low intriasic level of X-ray conta-
mingtion.

At a distance of 3 meters, the maximum intensity of the standard
4 MeV clectron heaw from our Fhilips SL75/1G IDinagc is only about
10 rad/min when a 3 mm Perspex scattering plate is present while the
¥-ray contamination increases from a tolerable value heluw 2% at
I meter to about 8%, These conditions are not acceptable, hence o
long distance methoed s not suitakle for our muachine.

An alternative procedure is to trecat the patient at a shorter
distance with an clectron beam that scans the surface of his body,
lur example at Manchester a scanning system has been constructed for
the SL75/10 linac in which a moving platform replaces the usual
treatment couch (31, This approach was rejected because it was felt
that the adopted method should intreducce minimum changes in the
reutine of an already husy treatment machine.

In this paper we desoribe the method used at our center for WBET
which was cdeveloped under the constraint that no special eqeipment
or modificautiens to the linace snould be required.

MATLERIALS ANDL METHODS

Treatment was performed with an electron bear of nominal energy
4 Moy frum the Philips 5175710 Iinac. Nu electron appliciator was
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attached and no scaltering layers were present except for the beam
cxit window, the monitur ionization chamber and the air space between
the linac and the patient. uring irradiation the patient reclined on
the regular treatment couch at a source-to-skin distance of 150 cm.
The callimator was fully open,

Measurements of the depth dose properties of the clectron beam
were made with the aid of thin polystyrenc sheets and a patullel
plate ionization chazber (5.H.M. huild-up chamber) connected to an
clectrometer [Keithley Model 600BY ., The dionization chamber was cali-
hrated apainst a Cobalt-60 source using the method recommended by
the iL.F. A, (4). Dose distributiens in a Rande Phantom were determinced
by meuns of thermoluminescent detectors {Harshaw TLD-1003 and X-ray
Film {Kodak Type XV-Z). Dosage te patients was menitored by taping
TLD detectors to the skin.

RESULTS
Fropertics of the rtadiation beam

To achieve the clinically desired penctration, the energy of the
electron beoam was adjusted so that the 80% depth dose occurred at a
depth of 13 mm, Fig. 1 shows the behavior of the central axis depth
duse of the beam used for whole body treatment, At a depth of 5 com
the ratio of the X-ray dose to the peak electron dose is 1.7%. Fig. 2
shows protfiles of the electron beam and its X-ray compunent, Both
beams are approximately gaussian in shape with a F.W.H.M, of 50 cm.
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Fig. 1: Central axis depth dose of Fig. 2: Profile of the treat-
the treatment beam. ment beam.



Treatment tecnnique

To cover the entire surface of the paticent's body it is necessary to
apply multiple fields. Because of the paussian nature of the beam the
matching of adjacent fields 1= not critical. Fig. 3 shows now a uni-
form dose 1s produced over a lurge cross section when 2 beams are
Joined at the 2U0% wvalue of the profiles. An error of 1 em in the se-
paration distance causes an overdosage oT underdesape of only 5%,

The patient lles in prone and supine pesitions daring trcatment.
In each case a pair of ficlds is needed to include the width of the
body and 5 pairs are used to preduce uniformity over a patient up to
200 em tall,

If the beam axes are perpendiculdar to the plane ¢f the treatnent
cotch, at the laterat cdpes of the hody the radiation will intercept
the body cross section at tangential incidence. This leacs to regions
of underdosuge at the body cdges (37, To overcome this prablem, the
pantry was rotated throupgh o small angle to shift the points of tan-
qe angle {EUOj W
noident on oo

geatial incidence away fron the midplanc, The
ised Tor the anterior and posterior {iclds, The beuans
typical bedy cross scetion are shown in Fig. .
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Fig, 3: Resultant profile when tip, 4: Beams incident on a body
2 heams are joined. cross section.

TLU and fiim messurements made with the Randoe Fhanton indicated
that variatioens in the peak electron dose are witnln fi3% cver the
cntite body excent for the proin, axillae and soles of the feet
which are shiclded hy ovther parts of the body, The depth of the peak
dose depends on the anple of iucidenge, Fig. 5 shows a film
representation of the dose distribution in the phantom when exposed

ra
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to the set of WBET beans,

Treatment is piven in 4 {ractions per week. One quarter of the
body surface is irradiated to 400 rads a4t each scssion. The dose rate
at the patient is 100 rad/min. and the time for each treatment
sessien is about 30 minutes, The groin, axillae and soles of the feet
ure treated separately hy small clectren fields to compensate for
under dosape during the whole body irradiation. The eyes, fingernails
and toenails are protected by lead shields during treatment.

Fig. 5: WBET dose distribution in the Rando Phantom
as recorded on X-ray film.

CONCLUSTON

OQur technique prevides a practical solution to the clinical re-
quirements for WBET with respect to uniformity of electron dose and
low X-ray contamination. Tts implementation doesn't require special
cquipment or modifications to the linac.
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RADICECOLOGICAL MODELS FOR ESTIMATING SHORT AND LONG-TERM EFFECTS OF
RELEASES IN THE NUCLEAR FUEL CYCLE

Mats Nilsson and Bertil Persson
Radiation Physics Department, Lasarettet $-221 85 Lund, Sweden.
INTRCDUCTEON

The increasing use of nuclear energy will mainly through the pro-
ductior and reprocessing of nuciear fuel and the teng-term disposal of
the radipactive waste introduce increasing amounts of radionuciides
into the bigschere, For the estimaticn of the radiclogical conseguences
when these radionuclides,sooner or Tater,reach man it is necessary 1o
know not only how the nuclides are distributed and retained within the
body,but also how the nuclides are transported in the biosprere before
they directly,or througn foocd-chains,reach man. The only way to study
the transpert from cne environmental poal to another 15 the direct
measurement of the activity concerntration for the radionuctide of in-
terest. Such measurements have now been carried out for a considerable
tire, The source of the radionuclides studied has up to now mainty
been fall-out from nucltear weapoas tests. Because 0f this,it has been
possibie to study oniy a 1imited number of radionuclides and still a
great deal of experimental work concerning the behaviour of long-lived
fission products and transuranium elements,other then plutonium,remains.
The results can be used to design & more complex system for transzort
in the biosphere or in the human bcdy. Such systems,normally referred
g as comtparimental systems can be used to predict individual ard
collective dose eguivalent arising from the use of some nuclesr ener-
gy practice.

However,due to the tack of reliable data for many radionuclides
regarding their behaviour in the biosphere the use of mathematical mo-
dels is at oresent in most cases limited to yield upper 1imits of the
parameters studied rather than guantitative estimation of these para-
meters. For some applications,especially regarding the disposal of
nuctear waste, calculations extending milttions of years ahead are
used, For static systems, the retiability of the transport factors
used will in such cases be of vital importance. The need for efficient
mathematical metheds of sotution s alsp evident.

A GENERAL MATHEMATICAL MODEL

For a compartment system consisting of n compartments tne net
transpert rate of the substance y into the compartment i can be ex-
pressed using the general expression

dyi{t} n n dsi{t} .

—gF— © ?_1yjkji(t) - ?_1yi{kij(t) + ) 4+ —gF— {1;
where k is the transfer coefficient expressing the fraction of sub-
Stance y that per unit time is transferred from compartment i to com-
partment i and A is the physical decay constant. The last term corre-
sponds to the presence of a scurce of the substance in compartment 1.
i somewhat simpler way of expressing equation {13 is a notation of tre

orm
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Yty = Y(E) - K(t) + &t + (73

where ¥ is the transfer coefficient matrix and S5 is the source term
vector. The method of solving eguation 2% will strongly depend on the

time variation characteristics of the matrix X and the vector 5. Some,
or all,of the transfer coefficients and elements in the source vector
can independently te Choser to continously vary with time following,
for instance,some given function or polynomial anpreximation of given
moints. Furthermore, thcsce terme can behave in 2 stochastic manner,
The generation of the specific values during the calculations is pre-
ferrably done with Monte Carlo technigue. The number of transfer co-
efficients with stochastic behaviour must,however,be limited due to
the very long computer time to obtain good statistics.

In both of these cases with a dynamic coefficient matrix and
source vector,the change in numerical value of the derivatives may te
so great that the step in time when performing the integration of the
equation system must be made very short, Iterative methods are there-
fore recommended, as the Xutta-Merson algorithm or the Adams-Moulton
predictar-corrector scheme,

In the case of a static coefficient matrix and source term it is
possible to use another algorithm to solve the equation {21. {1)

The solution to this set of equations will be of the form

-* - >

Y(t) = v(0) -t = v(0). 8 (31
The guantity B is also a matrix, which can be evaluated from the
matrix X using serial expansion. The main problem when performing this,
is that a large number of terms must be included if some eigenvaiues
of the matrix K-t are large. This can be avoided if the resulting
serial expansion matrix is muitiplied with a geometrical serfes
which is chosen in 2 way that only a limited number of terms in the
serial expansion will be used. The inverse quotient of this series
is used to convert the resulting matrix by a binomial expansion re-
sulting in the matrix B. Using the solution {3} instead of an itera-
tive method will make the calculations run uo to 10 000 times faster
on a8 computer depending on the characteristics of the coefficient
matrix, Figure 1 represents a simple system which fs & good test on
the precision in the algorithm used, especially for compartments 1}
and 2. Table 1 gives the amount of substance in compartment 2 after
a time of 2 time-units after a pulsed injection in compartment 1 for
some different mathematical methods. 1t isa well known fact that the
Kutta-Merson and Adams-Moulton methods both are very slow giving,
however, excellent precision.

Figure 1.
Input 1 1 1.0 2 E 2000
RN —_——
-6 -8 -8
Test model 10 410 20001 10
3 4
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The matrix exponent?aticn mentioned above will, four the same step-

Tength give a resut within 1% of the exact value with a sudbstantial
decrease in comzuter time. T4 car also be seen that tnis algorithm
Must e ousced with cautior. An drcrease in step-Tergth immediately re-
duces the precisior te an dnascestasle Teved. For the same orecision
as toe two “lerative melacds, Lhe computing Lime increases 2wt s

stil? much shoirto e,

ERAMSMTS OF ARPLICATI

A field where mathematical madels are frequently appiied is on
the spreading  of redionuclides from the dispesal of high-level radio-
active waste, We have studied the two ways of disposal proposed by
the Swedish huclear Tndustry {7,3).

“he first alternalive concerns the depesition of waste from the
rearceessing of 10029 tons of LGy fuel. The second deals with the di-
rect deposition of the burned-out fuel. The deposition taxkes place in
privary rock at a depth of 500 m. The mair c¢ifference between the two
alternatives ‘s the encapsulation materiat which for tre latter rainly
's copper. In this case the capsuies are assumecd to withstand corro-
sior for a certair time (100 000 years),after which the radionuciides
during 500 0C0 years TPaK pdt intc the biospkere. On their way to the
farst recisient in direct contact with the biosphere they are beirg
delayed “n the primary rock.

lie have appiied our technioue on a 20-comzartment glohal model ta
stucy tne effects of earlier brezkdown of the cansule and a faster
Teaking rate, {4}, Furthermore, in order to yield thne "uszer limiis"
we have faken no notice of a possitle delay in the primary rock. A
corbination of these factors are of particular interest for the
dasghiters in decay chains. [t is alnest impossible without computers
to calouTate their input activity rate as a function of time due to
the cooperating factors of capsule breakdowrn and leaking rate on the
gnolnt which at that time is built up in the cansule. Ar example
iilustrating this is the §n+] serics. Np-237+Pa-233>U-733+Th-229. In
tabie 7, the relative zctivity inflow rate of Th-229 into the primary
recipient nornalized to a capsuie breakdown at 100 0C0 years after de-
position ano a legkage time o€ 200 000 years is given.

The combined effects of breakdown time and leaking rate can clear-
1y be seer in the botitor row, which has a guite irreqular pattern due
1o the balarce between Teaking rate and duilduz during Teakirg time.
These figures are alse ureporticnal to the individual absorpbed doses




Th-223 teaxing time (years)
Caost'e preakdown (year) 505 GO 50 CCd £ a0 E1|
165 960 1.0(223003)  7.250100003)  72.3¢160008)  709(:003%e)
T3 250 3.77(21C003; t,416{35C00;} 348713000} 34.8(0020)
1 iy 0, 7RLE0HLCE) 3L eai3100D) HER A V] 0.860 1660}
Tre figures in parenthasis indicate the time [in years, wher maxizum inflow cccurs.

from tharium in the vicinity of the waste site. For the collective
doses thorium is of particular interest due to its high sedimentation
capability. The collective doses arising from thorium isotopes are not
proportional to the amount that is directly injected into the shallow
and deen ccean water compartments, nor to the small amount that is
resuspended from the sediments, but only to the amount that is produc-
ed from the decay of its mother nuclide in these compartments.

SUMMARY AND CONCLUSION

Mathematical models are, if used with caution, an important tool
for evaluating effects of releases of radionuclides, For some elements,
very little is known regarding their behaviour in the biosphere, and
complementary experimental work must be carried out. The non-static
and stochastic nature of the biosphere must be taken into account
regarding the transport of substances, thus having demands on the
algorithms to be increasingly efficient.

Appendix; Brief description of algorithm used.

Kot Ket)? {K-t)? - Ket)"
e = (1+K't+£'2—!—'—) +'£—3-T=)- +.....----) = §=0 {_‘n_|_“1_
I " m Le30 B m m
p AKt) g (Ket) 7 137 here g7 o (K2t < 10
n=on ‘ n=q : a m:
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RISK ASSESSMENT PERSPECTIVES IN RADIATION PROTECTION
William D. Rowe

Institute for Risk Analysis, College of Business Administration,
American University, Washington, D, C., U.S.A.

Introductien

Risk assessment invelves two separate activities; rish determi-
nation and risk evaluation. The first activity involves Identifving
and estimating the risk from some action; the second activity involves
a socilo-political decisiom about the action and residual levels of
risk after risk reduction techniques have been applied. Since risk
determination is a well-developed activity in the radiation protection
ficld, the major focus of this paper is on risk evaluatien.

The International Commission on Radiation Protectien has pub-
lished a system of dose limitations which to some extent addresses the
risk evaluation process. The first step in the system is optimization
where collective dese iz reduced by the addition of contrels, wsing
the marginal cost—effectiveness of the cost coatrols for reduction of
detriment as a critcrion, A value Is assipgned te the avoidance of a
man-Sievert to cstaoblish a cut-off value. The establishment of this
value 1s a swocio-pclitical decision. The second step is justification
where a balasnce of benefits and costs are made, This ig, indeed, a
socio-political decision, and will be reviewed in terms of risk eval-
uation. Applicaticn of dose limits, the final step, is an equity
balancirg step to assure that no individual receiwves an undee propor-
tion of risk,

Optimization and the estahlishment of dose limits are not purely
socin-pelitical decisions, but represent managerial decisions for ease
of administrating radiation protection policies., The choice of fixed
vaiues for the optimization criterion {value of a man-Sievert) and for
dose 1imits are decisions te ease the process of regulation; otherwise,
each casc wouid be balanced oa its own merits. The impact of such
managerial judgmenis invelves the balancing ol costs te the publice
{including ricks} against the eazse and cost of regulation,

Justification is another matter. It is a balancing of all fae-
tors after optimizaticn is cemnlete.

GENFRAL FORM OF JUSTIFICATION

Althoupgh a justification decision dis not purely numerical, a
mathematical structure of the justiffcation process can be quite use-
ful for understanding the process and applicarien., The srructure pre-
sente? here is thus a stady hanism not an end in itself.

Justification is detel“lHPd irn general form bv examining the dif-
ference betweern Lhe new (or clounped) practice (n) and a reference cond-
ition {r} in the form of a differesce eguation.
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(Bn-Br) (Vn-Vr) - (Pn—Pr) - (Xn—Xr) oy (8,-5.)

EQUATION 1

wiere B = Benefit (NET)

Worth of practice

Production cost of introducing the practice
Cost of radiation control

Detriment from increased exposure

Value of a2 man-Sievert for justification

non

L S~ R -]
[]

=]
[N
]

AB = (AV-AP) - ax—ajasj
EQUATION 2

The parenthesis around AV-AP is to emphaslze the difference of
these parameters from those associated with radiation protection and
exposure parameteys, Thus fustification consists of two parts, the
first invelving the worth and costs of the practice, and the second
involving the implementation of radiztion protection practices and a
judgment of the social costs of the remaining detriment. This sepa-
rate identification of the value of alpha for justificatlon is to Iin-
dicate that it may be a different wvalue from that used in optimization.
Usually optimization preceeds justification and is based upon assuring
that:

EQUATIOK 2

where the subscript , rwefers to optimization for both the value of
alpha and the change in detriment.

Optimization is well covered elsewhere, and will not be covered
in detail here, but it is important to note the differernces for alpha
and detriment for justification and optimization., The tntal detriment,
45, consists of two parts: 1) the detriment removed by optimization
at cost AX, and 2} the remaining detriment not remeved, but attribu—
table to the practice. It is the latter detriment which is of concern
for justification since AY in mometary units will have been spent to
remove AS,. Thus:

A8 = AS, + ASj
EQUATION 4

The remaining change in detriment from the change in practice, AS,,
is the parameter of concern for justification. ]
The value of alpha for justification, ot,, may dlffer from that
for optimization, x,, but aj cannet be less tﬂan the a.,. This arises
since the value of alpha for cptimization, o,, may be limited by the
availability of reseurces. When all radiation protection and other
hazard reduction needs are considered and the value of prevention of a
stochastic fatality or illness is conszidered "across-the-board", enly
a limited amount of respources may be available for the total. When
such 1izmits apply, a selection of a lower value for alpha im justifi-
cation means that radiation protection will have a dispropertienately
lower regard in justificarion decisfions. This in turn would reflect
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an uneven allocation of resources.

Alpha may be higher for justification since here one uses a
value inferring what scecicty ought to do {nmot just what it can do for
Imited resources In optimization), and in many cases Lhe radiation
impact costs may not even ke specified in monetary terms since the
judgments involved may he at a higher level of abstraction,

fadiation Hisks Versus Other Societal Hisks
The justificatlen cquation must take ioto arcount other risks in

addition to radiation risks. For this reason, the justif{ication for-
mat must be expanded:

AB = (AV-AYTY - ¥ (Ax. + o, ASL )
1 1 1y 1)

IQUATION 5

where subscript 1 might be [or radiarion detriment and other sub-
scripts might be for other types of risks such as exposure to toxic
crnemicals.

This immediately implies that radiation detriment can he related
to other detriments in sociery such that choices of 2, . Tepresent
Judgment as fo the relative iwpact of these, There ard m ny different
kirnds of detriment and risks {(the potential from harm) Invelved with
many factors affecting the valuation of these risss, i.e., choice of
value of Gy Same of the factors, wiilch are treated in greater de-
tail Ia my Book AN CANATOMY OF RISK, are:

Voluntary vs. inveluntary imposition of the threat

Immediacy vs. latency between cause and afifccet

Controllability of the threat

Individial risks vs. popularion risks

Familiarity with a risk and its consequances

Cartain vs, uncertaln consequences

Ete.

Risks can be put into perspective by comparing them with bench-—
mAarzs, i.o., risis of a similar nature to these beiong considered. They
are used to provide gome insight as to the magnitude of risks, Lur do
not imply acceptability.

For radiation two cases are considered here to illustrate other
o values: 1) the reiative potency of radiaticn vs. carcinegenic chem—
icals, and 2) the uroblem of addressing rare cvents.

Relative Potency

Eelative potency is a means of comparing two or more carcinogens
to determine their abitity to cause cancer in certain organs hased
upnn similar concentrations of wmateriat, Tt does not represent the
relative risk of the materials, sinee Aan exposure pathway nust exlist
far risk te occur.

One approach for relative potency s the parts per nillion (or
per hillion) tn rause a lifetime visk of one in cne million, Snme
values for inpestion of texic chemicals expressed in this form are
shown telow,
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TABLE 1
SUME EXAMPLES OT HELATIVE POTENCY
Values are in Parts per Billioe (Iagesticn)

COMPOUND DBOSE (DAY (1) DOSE (Wilson} {2)
oanT 0.4

Dimethvlonitrosamine 0.05 0.002
Ethylene Thiourea 2.0

NTA 260.0

Vinyl Chloride 6.7

Savcharin 600,000

Aflatoxin 0.0062
Scenzo-a-Pyrene 700

Acrylenitrile 3

Radiation risks to individuals are such that an exposure of
.01 Sv/yr., (1.0 Rem/yr.)} over a 70 vear period results in a risk of
2x10-% fatalities/year (Sce Appendix). A Tevel of 0.7p Sv/yr.

(70 U rem/yr, )} represcnts a one in a mitlion lifetime risk oo this
basis.

Maximum permissible doses (MPC's) are based upon the daily con-
centration in air or water for %0 years of cccupational exposure for
168 hour week. In the absence of I[CRP #30 where nmew allowahle limits
fer intake (ALI) will be puhlished, ather values from 10 CFR 20 can
suffice. Three isctopes have been selected for the ingestion pathuray
assuming the material is in soluable form, These are 390, PuiBg, and
1129 selected for their range of sperific activity., MPC's must be
converted into ug/uml to get parts per billion by weight through the
specific activity factor and reduced to get an equivalent risk of
0.7¢ Sv/yr from approximately 0.5 Sv/yr, a factor of abour 1,4x10°3,

MNuclite MIPC (1GCFRZO) Specific Activity FPB for 1 in a
Water Soluable million lifetime
risk
sr°0 3x1077 W, /ml 1.46x10° C./gm Ix107°
239 -6 ' -2t
Pu 5x10 7 uc, fml 6 =10 “C_ /em 1
129 -8t -4 1
1 fx10 UCi/ml 1.8 %10 Cifgm 5

Ingestion of $¢30 appears to be nearly a hundred times more
potent than aflatoxin while ingestion of Pu239 and 1129 geem compar—
able with ingestion of vinyl chleride or acrylenitrile., Materials
with high specific activity are, of coursc, more potent op a weight
basis than a curie basis.

Rare DFvents
Yuclecar and waste disposal accidents are also risks that mav be
considerad in the justification equation. Howeover, there are limita-

tiens to estimuating the likeliheod of rare events. Statistical
methods provide measures of the relative likelihood of events for
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those of relatively high frequency, which can be validateé. There are
also models for estimating the relative likelihood of rare events
which cannot be wvalidated. However, in no case do they predict when,
where, or of what magnitude an event will occur. In the case of rare
events, this is exacerbated by the uncertainrty in the specification

uf the models themselves and their inherent lack of wvalidation.

These methods can cnly be effective on an absolute risk basis if
the very wide bands of uncertainty cormmen to surh estimatos do not en-
compass the range of acceptable levels of risk. If the bands of un-
certainty of probability estimates encompass the range of acceptable
risk levels, the decision cannct meaningfully be based on probability
estimates. Figure I illustrates this problem using nuclear accidents
and high level radicactiwve waste disposal as examples,

FIGURE I
ABSOLUTE RISKS, UNCERTAINTY, AND BENCHMARXS
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The scale on the left is a measure of absolute risk in terms of the
praobability of the number of fatalities that might cccur in a year.
Some benchmarxs arc shown on the right, including weorld wide fall-out
from nuclear weapons already committed, planned releases from the
nuclear fuel cyele for 10,000 Gwe-vears of operation (the maximum pro-
duction possible from available uranium resources witheut breeding),
ene perzent of natural radiacion background, and radon and radiation
from undisturbed uranium ore bodies. These benchmarks arc only to
sravide perspective; they do not, by themselwves, imply acceptability.

The range of rvisk estimates for a high level wastec repository
for all high level wastes (10,000 Gwe-years) lies well below the
benchmarks,  Thus, a decision on high level waste Is resolvable by
probablistic methods.  The raoge of 7visk estimates for all nuclear
recacter accidents {10,000 Gwe-years of operation) is shown based upon
WASH-1400, WASH-1400 COMMENTS, The lewls Committec report, and extra-—
polation. The exact range may he argued, but it probably envelopes
all of the bencehmarks, making any decision hased upon probablistic
analysis alone indecisive. In this case, although it may be possible
to vefine the estimates tu some extent, it may be impossible to re-
duce the residual uncertainties to a level for which meaningful de-
cisians can ever be made hy this appreach,

Thus, it seems reasonahle to expect that a probahliscic analysis
wil! be useful for resolving the high Jevel radloactive waste question
but not for nuclear accidents. The nuclear accident guestion cannot
Lbe addressed using absolute risk models. BRelative risk models may,
however, be useful here since these models provide insipht into the
causes of risk and wherce resvurces fer reducing the risks may be best
spent,  For indecisive cases the amount of meney to be spent on risk
reductieon and the acceptability of the risk question temain socio-
political decisions that cannot be resolved on a tecbhbnical bagis.
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APPENDIX

In this report individual exposure to risk from radiationm is
based upon a "Cohort Analysis of Increased Risks to Death' (CAIRD) (1)
where the increased risk of death from exposure to radiation of
100,000 people whose lifetime risk is profiled has been calculated
using both relative and abszolute risk models from the 1972 BEIR Report,
In this model an exposure over an averapge lifetime of 70.75 years of a
cohort or 100,000 for a censtant exposure of .0t Sv (1.0 rem) is

4,400 early faralities on a relative risk lifetime plot

670 early fatalities on an absolute risk lifetime plot

This respresents about 6x10~% fatalities/year to an individual
for a relative risk mode! and about Yxl10~? fatalities/vear to an
individual for an absolute risk model for a 10 man-Sv exposure per
vear. A mid-range value of 2x10-% fatalities/year was selected as a
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reasonable refercnce value.
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SME NOMN-SCTENTIFIC INFLUENZES 0% RADIATION PROTECTION STANDARDS ANC
PRACTZCE
Lauriston S. Taylor*

[. INTRODUCTION

In the practical anplication aof the princinles of the achieverent
of protection against harmful radiation effects, our greatest
obstacles today do not include a lack of krowledge about thn hicredi-
cal effects of fonizing radiation. Taoday, we know about a1 we need

to know to adesuately protect ourselves from icnizing radiation.

Tot me repeat that. Today, we know about ali we need to know to
adeguately protect aurselves against ionizing radiation. Therefore,
I find myself charged to ask: What is the problem and why is there
one? I suspect tnat most 0f us here today know in a general sort of
way where the probTem lies and that basically it is not a scientific
gne.  HRather, it is a philosophical problem with ail ine ravifica-
tions impiied ir the term. Jr nerhaps it may be a political problem,
that is, one reauiring prudence and sagacity in devising and
pursuing measures adapted to prormote the public welfare, or oerhaps
the praoblem may not be as much protecting curselves against radia-
tion as protectire vus against ourselves. [n any case, 1 sometimes
think that today we are - in nany areas - tormenting ourselives
through our obsession with health (W.?. 8-28-79).

The control and managenent of any toxic agent, including radiation,
reguires a critical knowledge of the properties, characteristics, and
biomedical effects of the agent. Furtherwere, if control is to be
absplute in the scientific sense, there must be either an establish-
able threshold below which there is no effect, or toctal elimination
of the agent.

't fs obvious that as far as we know today, neither of the above
points can be met for ionizing radiation. Thercfore, we rmust resort
to other means, aither political or philosophical or both, to arrive
at some acceotable solution to the radiation control problem.

In developing my theme 1 shall mention, at least briefly, several
non-scientific factors which may influence protection practices
directly or indirectly and thus, in turn, influence the setting of
our numerical protection standards. By and large, it is usually the
needs of practice that dictate the setting oFf standards and the
standards themselves must always reoresent sore degree of compromise
between a politic use of radiation and its climination,

Little satd tocay can be new or innovative but will be designed
rmainly as reminders to radiation protectionists of the things that
they should be aware of and prerared to discuss in public forums.
Somre iters reed to be prowcted, others rationalized, and still others,
deferded. Throughout, in relztions with the nublic, we must avoid
being patrenizing and aveid any aopearance o' self-promotion.

Let us turn now to a brief discussicn abhout the state of our
current knowledge of the bioredical effects of fonizing raciatian,

* Formerly President of the National Courcil on Radiaticn Protection
and Measurements.
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II. BIOLOGICAL EFFECTS OF RADIATION

Collectively there exists a vast array of facts and general
knowledge about fonizing radiation effects on animal and man. It
cannot be disputed that the depth and extent of this knowledge are
unmatched by any of the myriads of other toxic agents krnown to man.
It is because of this knowledge, portions of which have become known
to the public, that the public has come to expect sharp, clear,
definitive, and undisnuted answers to any guestions involving radia-
tion. This i3 an understandable, if somewhat irrationail, position.
However, it leads to tke difficulty that when there may be some
irndication of a lack of knowledge by, or disagreement among,
scientists, the public feels that somehow they have been Tet down or
ted astray by the scientific community. A good example of this is
the current so-called "controversy” within the protection community
centering around the effects of radiation delivered in low doses at
Tow dose rates. Were it not for a few congressionatl committees,
more interested in headiines than facts, aided and abetted by a
willing oress and & few publicity-seeking "scientists”, it 15 1ikely
that the guestion would drone on in the normal scientific meetings
and cermittees at a proper pacte, commensurate with its imoortance.
It's not that it is unimportant, but its priority should be Tow
compared with so many other insults that man faces.

Let us quickly review some of the facts related to ionizing radia-
tion and the injuries that may be caused by it.

Ionizing radiation, delivered in sufficiently large amounts, carn
cause determinable effects or injuries to any biclogical system.
However, for any particular effect observed, radiation would not
necessarily have to have been the causative agent.

Raciation effects are generally proporticnal to dose when deli-
vered acutely in moderate amounts, say 100 rads upwards, to the
regions observed. Precise proportionality is difficult to establish.

There may be long latent periods between the time of exposure
and the appearance of any effects that might reasonably be attribu-
ted to that exposure. Large doses above 500 rads can show effects
within minutes or hours. Low doses below 50 rads may not show any
effects for periods up o several ifens of years, if ever. In
general, the lower the dose and the rate at which it {s delivered,
the Tonger will be the period of latency before the effect manifests
itself. We have here a generally inverse relationship between dose
and latent period. The problem becomes especially critical in the
tow-dose region, say below 25 or 50 rads, delivered acutely, for
which the latent period may be three or even four or more decades.
Ouring that long a period any individual would be subjected to
nundreds of other insults, any number of which might produce the
same effect as the radiation.

Man has always lived in a radiation environment which, except for
a very small increment due to weapons testing, has been sxponen-
tially decreasing. Fis exopsure today is less than half of the
level existing during the Biblical periopd.

There is uncertainty about the exisience of threshold effects for
ionizing radiation. There are very few threshold effects, although
there are clearly some.
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For the purpose of numerical crotection standards, it is assumed
that unless the contrary is cleariy identified, any radiation riay
cause an effect, if not an injury. The development of a ciear-cut
position on this guestion runs into complications. Here we cncounter
a further difficulty. If one is concerned about the degree of hazard
in the region where affects cannct be found or identified, to what
extent should an attempt be made to further “reduce the hazard” to
some fraction of what could nat be found ir the first place? The
guestion is "how largc is half of sorething Lhat cannnt be measured?”

Jose effects are not cumuiative, there is scome preocess of repair
or recovery or reclacement of cells, both of a genetic and somatic
nature,

Today we krow enough about dose-effect relationshics to state
uneaguivocally tnat at Jeast for low-LET radiations the relationships
carnot be strictly linear over the whole dose rarge and that even for
high doses they are probably not linear.

Tre difficulty is that since we do not know the precise relation-
skip - and perhaps it dacsn't make ruch difference anyway - it is
assumed, as a matter of cautious procedure, that the dose-effect
relationships are 1inear throughoui the entire dose range. This
assurnption is constantly being subjected te hard scrutiny because,
taken too literally, it may lead to unnecessary and unjustifiable
restrictions an the use of Jionizing radiations.

From the mere fact that radiation may cause some identifichle
effect, 1t does not “pllow that the effects are necessarily
detrimental.

For purposes of protection against ionizing radiation, we have to
deal with e“fects; detrimental effects; risks; quantities observable
or unobservable; and so on. We kave now ventured outsice of the
scientific arena.

[T, NON-SCIENTIFIC ASPECTS OF RADIATION PROTECTION

Cver the past sevecral decades, there has been a gradually develo-
ping consciousness of the inadequacy of scientific data or reasoning
that alone will Tead to the establishment of unecuivocal numerical
radiation protection standards, In the Tate 1940's it was clear to
the NCRP, and probzbly to other bodies, that mon-scientific factors
would be involved in permissible dose standards. 1In 1357 1
argued {¢ite):

"Radiation protection is not only a matter for science. It is a
problemr of philosophy, morality, and the utmost wisdom." At later
times I have added "econormics, patitics, and puhlic involvement" but
actually they are all segrents of an overall philosophical approach.
I shall select a few of these for special comment,

PHILOSCPHY. Absence of a threskold leads immediately to the diffi-
culty that there is no line of derarcation between the regions where
scientific evidence does or does not exist: where evidence is not
found, it is simply assumed to exist - a judgmental decision. It is
obvious that, in reaching such a decisfon, a very non-scientific
matter would play an important role. [ refer to the pure emotions,
not only of some scientists themselves but also of the Tay persons
who understand only bits and pieces of the problem and who realize
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that trhey have to dewend upon the scientist.

"Wnat are the judgment elements entering into a standards setting
process?" Basically, the arguments would center around the decree of
risx tnat these who were setling the standards would be willing to
inflict on athers cr, as a part of the public, to accent for them-
selves. -ocw do you avatuate and describe guantitatively a situation,
ur rore likely a2 combination of situatiors, each having its owr sct
of walues and its owr descriptive unizs, and ncne having any unique
retabiunsbic Lo forizing raciation. For exarple, what s ar effect
ang what is an injury and when is one nat the otnar?

comarisons of effects and infuries have beer attemnted ir 3
variaty of ways, particularly in the lasi decade or so, and it
would seem tnal tne only comdarison unit whicn hes come to cur
iraqination has heen ronetary, suck as tne doilar cr the mark. The
argurants fov cnessing monetary value scem et tires to be Trivglous,
Dut for obvious reasors notking better seems te nave turred uz. The
grobler becomes even ore involved if one tries to evaiuate, let us
say, Dain or mental anguisk which can be two obvicus effects" tnat
might be caused by radiation, but still short of deatn.

Let us consider trat risk, Fowever we decide to describe iz, is
rougnly prodorticnal to radiatiorn cose. 4Why are zecpie willing to
dccept any risk at all? This arqument applies to practica’ly every-
thirg we do in 1ife, witk radiation being nernaps one of the smallest
risks that we normally have to contend with, tor ai’ practical
surposes, it is anly in the use of medica’ procedures involwving
radiaiion tnal the rise, if any, is compensated by some berefit to
the person at risk. [t is aiso the area where cne is most likely ilo
ing ke situation trat the risk of not carrying cut scre action
(for cxarple, an x-ray exarinatiaon] is wore hazardous than any
cenceivahle risk to an individual frg~ radiation.

3ince risx questicrs do ret really kave discrete and scientific
solutiens, we are compelled to zccept a philosophical avproach.  What
is needed, on too of our scientific knowiedge, wnich I contend is
adequate at this foint, is a large supply of basic wisdom and
understanding.,  fGQuesiion: Wno nas 11?  To whom do you look for it?
Fow far can it aicne suffice to complete the problem and develop a
rational action policy”

The past supply of wisdon has come mostly from the scientists
therselves, who consciously or uncanscicusly, recognizing the limits
cf treir scientific knowledge, have made strong and important
Judgrernt actions recarding the amcurts of radiation considered to be
accentable for raciztion workers or the pubiic or tne patient. This
has not been a bad thing because, after all, the scientists involved
cover a wide range of disciplines, ways of living, naticrality,
ethnic background, and everythirg else that makes for an effective
relting pot.

That this has been effective 75 evidenced by what 1 consider to
be the fantastically fine radiation safety records that they have
accomplisted, “c one has been identifiably injured by radiation
while working within the first numerical standards set by the NCRP
and the ICRP in 1934. The theories about peaple being injured have
5ti1l not led to the demenstration of injury and, i€ considered as
facts by sore, must only be looked uoon as figments of the imagination.
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I do not arqgue for leaving the philosophical decision process in
the hands of the scientist where, by default if nothing else, it has
largely rested for the rast B0 years. Ner do I argue for removing
the process entirely from his hands; a combined scientific and non-
scientific approach is indicated, A difficulty here is tne current
public attitude that if a persor has worked in a field {e.g., radie-
tion} he must be suspected of some kind of conflict of interest if he
becomes involved in any relatea decision-making process. Actuatly,
because of their basic training and their having to be imbuec with a
basic sense of pbjectivity, a good argument can be made that scien-
tists, as such, are abput as devoid of special interests as any
group that may be found,

Aside from our experienced scientists, trained in radiation
protection, where do we took furtker for our supply of wisdom?
Personally, 1 feel straongly that we must turn to the much larger group
of citizens generally, most of whom have to be regarded as well-
meaning and sincere, but rarely well-informed about the radiation
problems that they have to deal with.

To return to the basic philosophical question of setting standards
for oraotection we can, with some over-simplification, reduce tne
problem to two choices., One choice is to more or less follow the
present course of theorizing tnat we are dealing only with a single,
tinear, no-threshald, dose-effect relationship. However, in doing
this we must take more specific steps in the future to keep in front
of the pubiic that (1} this is orly a theory; {2) 7t is used only
because we don't know the precise relationship; and {3) it is
prcebably conservative, for most practical purposes.

The second choice would be to follow the practices used for many
decades by the toxicologists. For permissible concentrations of
some toxic substance they would set a level scmewhat below that at
which any effect could be found. A judiciocus blending of the two
philosephies (and that is all they are) may well provide us with the
most sensible solutions to the protection problem.

Before leaving the basic philesophical questions, there is ane
more item that must be considered and one which has persognally
worried me since the day tkat it was first introduced. That question
relates to the system by which we have different kinds and classes
of permissible exposures, or dose 1imits, for different classes of
peonle. On technical grounds, I would not argue either as fo the
pragmatic need or to the acceptability of such a procedure. However,
on ohilosophical grounds, we have problems. Technically, the
differential is acceptable.

A Togical question may be asked - why should gur waorkers be sub-
jected to higher radiation Tevels than the general population? The
answer is along the lines given above, but it is rarely understood
that way. From a philosophical point of view, a strong argument
could be made for setting the same standards for radiation workers as
well as for the public. On the other hand, for sound pragmatic
reasons, and because thus far there is no evidence of injury even to
radiation workers, this would certainly introduce a tangible and
unacceptable economic cost for a gain that cannot be quantitated.
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POLITICS. As already noted, to be politic means “to be prudent and
sagacicus in devising and pursuing measures adopted to promote public
welfare.' {Webster}., In the sense of radiation protection and in
many other matters as well, political conmsideration really means the
pragmatic combination of all of the elements bearing on a particular
situation.

In the case of radiation protection, we might almost group all of
the elements which [ have 1isted above under politics and we might add
some such as legal considerations, economic considerations, social
considerations, etc. In this sense, the scientist generally, and the
radiation protectionist particularly, must devote more thought and
attention to constructive and objective politics, including direct
approaches to people through the {ongress, the press, and the tele-
communications media., He must develop constructive and especially
obiective discussions and explanations for what is happening in the
field of radiation.

From about 1946 tp 1977, practically all federal matters in the
United States relating to ionizing radiation were handled through the
Joint Committee on Atomic Energy. The Joint Committee, with a
stabie membership from both the House and the Senate, was dedicated to
developing facts and an understanding of atomic energy, rather than
tooking for newspaper headlines and votes. Among its many studies
and reports, 21 major efforts dealt with radiation protection alone.

In its place there are some two dozen congressional committees,
lacking in stability and without an overview power. Rarely does
the chzirman or staff of these committees have any knowledge in
deoth of the broad subject of fonizing radiation. But equally dis-
tressing is their failure to keep each other informed as to their
operations and intentions.

In spite of technical shortcomings in the political arena, both
federal and state legislatures exert strong influences on the
development of numerical radiation protection standards. Because of
the 1ikely influence on governmental committees by vocal but
prejudiced witnesses or witnesses having some personal case to plead,
we are today faced with the possibility of unreasonably restrictive
Timitations being placed on legitimate uses of ionizing radiation
{cite: Mancuso, Bross},.

THE MEDIA. One of the first political needs we must always recognize
in dealing with groups of people is education. It is almost a cliché.
We must be able to bring te bear and bring into perspective a wide
variety of elements, many of them not seemingly interretated and
many expressed in terms of different quantities and different values.
The prime agent of education {outside of formal schools} in these
times is in the radio-television, newspapers, comic books, books
generally, and books written by sciertists. The order above is
probably in that of declining readership. Of these, the “news media"
cleariy dominate, and here lies one of our most eritical problems and
the most fruitful area in which the radiation protectionist must
assist in the education of the public. First, however, we have to
persuade the redia (and I use the term rather broadly now) that they
have & national obligation to assist the country in educating its
public about radiation matters.

Attacks on the news media for gne reason or arother are common as
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is their own defense under the First Amendment. The First Amendment
to our Constitution in the United States is an essential bulwark of
freedom and 18 not paralieled by any other countries as far as [ am
aware, However, in my opinfon, the First Amendment also carries with
it an obligation on the part of the press to completely and properly
report the news,

In the case of ionizing radiation which, of course, is the area
with which I am most familiar, there are constant and continuous
violations of this principle. The press will report and accent the
news items and details which it thinks the public wants to hear about
and what will help sell their papers...the latter, apparently, being
their prime objective. The media must make money to stay alive and
viable. They must sell their products and avoid wasting time on
non-paying items. Thus, consciously or unconsciously a seiective
process begins. They say that they are supplying what the public
wants. But as far as the public is concerned, they take that because
it is the only thing they can get. However, as inept as our press
may be in the United States in some respects, it is at least open
and uncontrolled by the governnent - uncontrolled even to the point
where it will "steal" and publish such government secrets as can be
found,

The fact remains that we need greater responsibility on the part
of the news media in the objective presentation of uneditorialized
news. As far as radiation is concerned, our people must somehow
persuade the press that it is irresponsible to subordinate radiation
facts to stimulate sales. This will be a slow and painful process,
but any gain is worth the effort.

MORALITY. What can we say in dealing with the probiem of protecting
pecple from possible adverse effects of ionizing radiation? [t must
be clear from the discussions above that a sTightly higher radiation
exposure permitted to a group of people under a given set of condi-
tions may cause more injuries or even deaths to that group, end we
are faced with deep moral considerations.

For example, the theoretical risk for radiation workers receiving
the full MPD {5 rem/year) is ten times the risk for individuals in
the public whe receive the full Dose Limit (0.5 rem/year). Such an
unqualified statement by itself is just part of a simple and immorai
numbers game of which we have a1l too many in the bropad safety field.
A person dyfhg from occupational radiation exposure is no different
from one dying from non-occupational exposure.

An equally mischievous use of the numbers game 1s that of calcu-
lating the numbers of people who will die as a result of having
been subject to routine diagnostic x-ray procedures. An example of
such calculations is those made before a Congressional Committee in
1967 which were based on the literal application of the linear,
non-threshoid, dose-effect relationships., treated as a fact rather
than a theory. By this procedure he calculates 30,000 deaths per
year resulting from x-ray diagnosis. Of course, there has been no
statistical or other verification of this calculation. Unfortunately,
the technique has been picked up by cthers {cite: Gofman and
Tamplin, Sternglass}. These are deeply immoral uses of our
scientific heritage,

Morality cannot be dictated by law or subjected to ruie or

313



contral. “orality is almost invariably an individual matter and the
best and most sincere and thoughtful of people probably have widely
variant moral viewpoints on & given question. On the other hand, we
cannot sweep our moral obltigations under the rug, nor can we settie
them or bring them into agreement by vote or edict or law. BDealing
with the moral aspects of radiation protection problems demands a
kind of leadership and guidance and overall understanding that is not
easily found.

LAWS AND REGULATIONS. There is no guestion but that the legislative
and regulatory action in relation to radiation protection presents

one of our wost formidable two-edged swords. dn the one hand, it aids
in providing a needed degree of uniformity in radiation protectien
procedures. It provides a base upom which action for redress can be
taken as might be reeded under a variety of circumstances. on the
other hand, the very power behinrd the legal system tends to stifle
initiative and innovation in many areas, invites litigation and

other legal actions, and greatly increases the cost of radiation, not
only in industry but perhaps more importantly in medicine,

As far as radfation matters are concerned, we cannot live without a
substantial legal system to protect both industry and the public, but
there are times when we wonder if the atomic energy and radiation
oriented industries can survive much longer within the comolex of
taws and requiations that have been spun, especiaily over the last
ten or fifteen years.

The growth of bureaucratic involvement in radiation matters during
the past two decades in the U.S. Government almost boggles the
imagination. The nrecgrams may be divided into ¥four categories.

(1) Those involving radiation as a tool; (2} Research and deveiopment;
(3} Regulation of the safety and uses of radiation and radicactive
materials; and {4) Military applications. Without attempting to be
complete as to numbers or details, let us make a listing of the

more or less current government units embracing major interests in
matters of ionizing radiation.

There are at least fourteen agencies of which six have regulatory
resparsibilities. Six have research and development responsibilities
and three have advisory roles. 1In the legistative branch of the
governrent, there may be some twenty-four House or Senate committees
playing some role in radiation matters {the exact identification of
these is not easy).

With as many zogencies and congressional committees, each vying
for its oiece of the budcetary pie or prestige with its constituents,
is it any wonder that there is competition, overlap, waste, and
canfusion in the radiation regulatory field? The wonder is that
there is not more. An excellent example of recent vintage was the
struggle for leadership in the development of radiation protection
standards, primarily between the EPA and NRC, but with DOE and BRH
anxiously watching from the wings. This lted to the so-called
"Libassi Study” of all radiation matters in the government. A
remarkably fine report was produced, including organizational
recormmendations made to the President.

The Kemeney Report to the President on the Three Mile Istand
incident directs attention to "... a preotcupation with regulations"”
by the NRC. It goes on “... we are convinced that regulations alone
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cannot assure safety. Indeed, once regulations become voluminous and
complex as those regulations now in place, they can serve a5 a neja-
tive factor in nuclear safety." And ltater it states “... the nature
of some of the regulations, ... may in some instances have served as

a deterrent for ytiitities or tneir suppliers to take tke inftiative in
proposing measures for improved safety."

The principle of keeping radiation levels as Tow as practicable was
intended to stimulate protection initiative and innovation. The
implications arising from the attempted use of the "least practiceble”
concept in regulations are of concern. The attempt to specify by
regutation what is "least practicable” appears to be an unfortunate
melding of concepts which vitiates the merits on each side. [t undoes
the assured uniformity of regulations because deviation on a case-by-
case basis would appear essential, ard yet removes from those subject
to the regulation the responsibility for ascertaining wkat need be
done to meet the "least practicable” criteria. Application of the
ALAP principle should be primarily a political-management action
presumably designed to promote the public welfare. But is ft? Surely
not, if it impedes irdependent initiative and innovation.

Another point of interest here has to do with Workman's Compensa-
tior in the nuclezr or radiation industry. Let me hasten to add that
[ personally believe in Workman's Compensation as a legitimate charge
against industry. In the U.S. we are having a gradual increase in
the number of “radiation injury" compensation cases settled in favor
of the worker, usually by compensation boards, but also by the
various courts, Most of these cases center aropund individuals who
have had very low doses in the course of their radiation werk, but
who have developed a malignancy. OCf the cases that have come to my
attention so far, most have incurred a 1ifetime exposure of not more
than 5 or 10 rads acquired over a period of several years.

A malignancy may, as we know very well, be caused by radiation,
atthough on the basis of our krowledge of dose-effect relationship,
the 1ikelihood would be extremely remote at the Tevels mentioned. On
occasion, I have said sometimes seriousty and sometimes facetiously
that it would be less expensive and perhaps more humane if it were
decided that any time a person who had worked at any time during his
tife with radfation and subsenuently developed a cancer which might
be ascribed to radiation, at anmy level, he be given free treatment,
together with what would be a normal compensation for the family.

With all of our national health plans in being or in prospect, this
would scarcely add a drop in the bucket to averall health care in
this country.

ECONOMICS. The nossible influence of economics on the standards for
radiation protection must be so obvicus that it scarcely needs
mentioning. There is constant pressure to lower protection standards
by some radiation protectionists as well as "consurer advocates' ana
generally concerned rembers of the public. Too often their arguments
are based mainly on the theoretical estimates of effects that have
never been observed and in turn on calculations of the thearetical
deaths or cancers due to specific sources of radiation exposure. Any
degree of protection can be achieved - at a cost. The problem is to
evaluate the risk, the cost of reducing it, and the gains te be
achieved. The process is frequently referred to as balancing the
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risk vs. the benefit, The principle is so simple as to be disarming.
The difficutty iies in the guantitative elusiveress of both risks and
benefits.

in a medical installation it sounds like a simple acticn to reduce
the leakage radiation from a therapy tube by a factor of 2, but before
the chain of events is completed & new building structure may be
called for.

In the case of power reactors the economics would be mwuch more
difficult to evatuate. Wnere the differenl radiation levels from a
particular reactor are known, they are likely already to be too low
to evaluate except in terms of assumed risk, by such thearizing as
has already been discussed. 5o this is a case of reducing by some
factor something that you did not know in the first place. If
sorecne were today to decide on a reasonable de minimis tevel for

radiation exposure, it would probably be found that mest of our
radiation installations are already well below it.

Risk comparisons can be made between effects at high doses where
we do have information and those at low doses where we have no
information. The numerical values of these risks are possibly
basically without meaning but are at least internzlly consistent and
so evatuation of the costs of increasing or decreasing protection in
a given installation can be made in terms of the arbitrary risk
numbers.

A different kind of economic problem arises in connection with
reguiatory operations. In the process of defending, say, a budget
request, a federal agency will work up an elaborate cost-benefit tree
desigred to show that by a certain addition to their facilities or
orogram, they can save so much radiation exposure per gersaon averaged
over the public. This, in turn, will reduce the risk to the public
and nence reduce the number of radiation effects. But the bottom
line is to show that these imaginary effects will reduce hospitali-
zation, will reduce “edicare, so that theve is an overall saving to
the taxpayer. I've seen at least one example where an agency showed
a saving for a given prooram and yet someone on the gutside used
arecisely the same inout information to show that it would make a
much more costly orogram overall.

I¥. POSSIBLE CQRRECTIVE ACTIONS NEEDED

EDUCATION., 1In the development of an overa11 understanding and
acceptance of radiation as one of man's most valuable tools, we need
two things: (1) bet:er communication within and between scientific
and technical croups on the one hand, and the general public on the
other; and {2} much broader education of and dissemination of
information to the public. Perhaps a third item should be added.
These communication and educational projects should be carried out
basically by non-governmental organizations, aided and assisted,
however, by some limited government support.

As far as the public is concerned, there has been a mysticism
about radiaztion ard for reasons, some valid and some not, the public
has come to recognize that it nas on cccasion been toid untruths ar
part truths about some radiation matiers, primarily by government
agencies. I believe a good case can be made for some of the
misinformation that has beer suppiied to the public. But in the
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matter of communication, the radiation protectionist profession must
play & stronger role, together with coordinated and concerted effort
by other national and international organizations having long famili-
arity and responsibilities with problems of radiation protection

and measurements,

It is my belief that much of the blame for the public's fears and
apprehensions with respect to radfation matfers are due to our media -
newspapers, magazires, radip, and television. No particular one is
beller or worse than the cther. The difficulty here is that of the
general pubiic. But where must people go for their information?
Primarily, to the press., Yet, in my opinion, the press is failing in
its responsibility under its Constitutional freedoms. Let us make one
simplte clear statemert before continuing., The media are in existence
primarily to make a profit under our free enterprise system. At the
sare time, the media enjoy protection under at least our First
Arendment in the gathering and dissemination of information, not to
mention their editorial treatment, which is not news but opirion.

We must not take any action which could conceivably destroy this
basie freedom.

It should be required that in reporting a news event, the media
repart it all as it occurs, not only the segment that is ia line
with their publication policy. Mistakes in observation will be made;
these are excusable. Mistakes, however, of selecting only certain
aspects of a news item and suppressing others is a general, but
totatly unacceptable practice. The press rationalizes the situation
by saying that they supply the public with what the public wants. As
1 have noted before, this is a very specious argument and it is
se]f-defeating. The alternatives would be government contrglled and
supported media which totally reflect the policies of the government,
That would be intolerable!

There is yet another criticism that must be directed to the media,
namely, their constant use of a small number of individuals who are
clearly out of step with the radiation protection community. In the
U.S. alone there are some 3500 health physicists and 1800 radiolo-
gical physicists. The National Council on Radiation Protection
and Measurements has, over the years, utilized over 550 scientists
covering every professional field having any conceivable bearing on
radiation protection standards. Yet the media will, for some newly
breaking news story, seek out some of a half dozen individuals who
are willing to make willfully deceptive statements regarding radia-
tion. Collectively, they account for more news lines than the
hundreds of reliable professionals accepted by their peers. (I refer
to them as the U.5. Six). If the media want to improve their pro-
fessional image, they must studiously avoid the sensationalism
produced by the U.S. Six, but which they presently believe sells
their wares.

The U.5. Six has a strange mixture of talents. One or two still
have some degree of professional reputation left and they will
carefully hedge their statements as self-pretection among their
colleagues. At the same time, however, their statements are inter-
laced with enough of the usual fear catchwords which are often the
only part captured by the reporter inexperienced in the nuances and
matters of radiation protection.
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SCARE BOCKS AND ARTICLES. Of a collection of "popular' books
pubiished over the last decade or so dealing with radiation matters
there is not a single one which is not riddled with half-truths,
untruths, and evidence of basic lack of knowledge of the subject. &A11
carry a nigh level of sensationaiism and an eye-catching title or
subtitles. These books are usually written by individuals who nave
no basic background knowledge of nuclear energy or radiation.

Unfortunately, many people sincerely concerned about many of our
prescnt~day probiems in the nuilear field read these books and
helieve that they read the facts. 7This haooens simply because they
do not know enolgh about the subject to recognize much or any of the
guile®ul and rmisleading statements. The books that 1 have been
speaking about have largely been written with a profit motive but
there are occasional others, obviously written to support their
oppesition to nuciear power, government research support, and so on.
[n spite of being written by one-time scientists, their books carry
alt of the sensatianalisn of the media.

Before leaving this part of my discussion, I invite attention to
yoet ancther insidious practice designed to keep the public alarmed
about radiation matters. This is the constant linkage made betwecn
the atomic bomb and any discussion about radiation, including medical
and industrial applications. For example, in a television docurentary
vresentation or ionizing radiation or a news story about some small
accident in a nuclear installation, or a large or small accident in a
nuclear power plant, practically the first thing that is presented to
the reader or the viewer is a story about a bomb, a picture of a
bomb exploding, reference to radiatior through the term "fall-out",
and so on ad nausean. These are the catchwords.

Understandable, but equally preposterous, is why an article about
a2 nuclear reactor accident, such as the T¥I case, should always be
preceded by some refererce to the bomb or an explosion and fallout,
the standard warfare terms, when the npublic has been informed by
hundreds of good and reliable sources that a power reactor simply
cannot explode 1ike a bamb.

CREDIBILITY OF SCIENTISTS. In some respects, the scientist stands
avart from most other individuals who can be placed in some
definable pattern plan. [n the first place, the average scientist
starting in research is not very likely to have financial gain as
his prime abjective. te does have to earn cnough to 1ive in
reasonable comfort, have sorme freedom from financial worries, and

to have a family 1ife. For the truc rcsearcher, the man at the
bench, the highest real roward is in terms of a professional reputa-
tion, acceptance among his colleagues, his reputed objectivity, and
his reputed intellectual honesty. If he fails ir any one of these
elemants, he i3 destroyed.

The implicatior is irplausible that nuclear or other researchers
are susceptible to ready suborning by the people or the organizations
who support them ard make their work possible. Great play has been
given to the disagrecrent between some scientists either as indivi-
duals or as part of some scientific groups. This is pictured by the
media as chaotic, self-serving, cover-un, or such. Actually, it is the
norra’, proper, and healthy intercourse of scientists.




[ plead that we cease the seemingly endless procession of
studies, corgressianal ccmmitices, and hearings on the orobliem of
“Tow level ionizing radiation", just to choose one of the orobleris
that plague us today. About this, we know wnat we know ard we know
what we do not know; there is reascnable and rational agreenent as o
the degree of disagreement. So where does this Teave us? Zither we
forget the whole "“probiem' or we theorize or postulate a dose-effect
relationship,

However, this is what has led us to our present dilemra because
these technical concests have been grasped by the press, by the
cengress, by some governrent agencies, and hence by the public as
established facts, rather than as the scientific ruminations, which
they are,

Somenaw, we as radiation protectionists sust develep an unassail-
able counterforce against such risguided actians as outlined above.
This counterforce should act with such strength and integrity and
persistence as to compel public attention and respect.
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RADIATION PROTECTION FOR INDUSTRIAL RADIDGRAPHY IN THE AEROSPACE
INDUSTRY

William E. Morgan

Chief of Radiation Health Protection; The Boeing Company; Seatiie, WA
U.5.A.

"Industrial Radiography" has been a dirty word to Health Phy-
sicists all over the world. This is true because the Industrial
Radiographers are invoived in more radjation accidents, receive more
cverexposures, and are cited for more serious items of non-compiiance
by governmental agencies than any other group in the nuclear field.

The Boeing Company employs eighty Radiographers, operates
ninety radiation sources, and takes ten-thousand radicgraphic expo-
sures per month,  Qur Radjographers average less than 100 milliRem
Whole Body exposure per year. They have never been cited for a
governmental non-compliance, nor have had any radiation accidents.
X-ray units, Accelerators, and Radioactive Materials are used in our
Radiographic Inspection Program on aircraft, missiles, and seacraft.

The major compoments of ogur Radiation Protection Program are:
Hazard Analysis, Facility and Equipment Design, Program Administra-
tion, and Evaluation of the Protection System.

HAZARD ANALYSIS

A Hazard Analysis starts when a Quality Control Organization
within the Company wants to use a source of radiation to perform
radiography. Depending upeon the thickness and density of material
to be radiographed, the Operating Group will determine the type of
radiation source required.

If a Radieisotope such as Cobalt 60, Iridium 192, Ytterbium
169, etc., is to be used, the strength of the source fin Curies is
determined.  With this information, the External hazard is analyzed
from the standpoint of energy and amount. The Internal hazard must
be assessed from the method of encapsulation anrd the type of radio-
active material.

When an X-Ray Unit is involved, we are given the tyoe of tube
they are going to use, such as a 360 degree emission or side emission
tube, and the maximum kiloVelts (KV) and milliAmps {MA} capabilities
of the unit. Similar information is also provided on Particle
Accelerator cperations.

Once the characteristics of the source are determined, we must
agree upon where and how the socurce is to be used. [f the scurce is
going to be used in a shielded room near an unpcpulated area, the
shielding and protection requirements will be minimal. A stationary
source in a populated area will require more shielding and a complete
protection program. When a source is used in a shielded area, the
main beam wal} use factors, distance to people, and occupation fac-
tors are necessary information to determine the shielding require-
ments,

However, if the source is5 to be a portable unit and used
mainty for field radiographic inspections, we then need to know



where and how often these unshielded sources will be used. The type
of radiographs taken will dictate the maximum KV¥, MA, and "ON" time
of a machine, or required "exposure" times for sources of radicactive
materiais. These parameters are considered when evaluating the size
of a hazard or restricted areas.

The interaction of all employees and a source is analyzed at
great length. This analysis covers both the Radiographer using the
source, and the Employees working in and around the source location.
The Radiegrapher and his llelpers are classified as "Occupationally
Exposed Workers", The other Employees are classified as "Non-
Occupationally Exposed Individuals", and can only receive one-tenth
of the radiation exposure of an Occupationally Lxposed YWorker.

Operations conducted by the Radiographer using the source are
reviewed to accurately establish: (1) The amount of time the Radio-
grapher and other employees are exposed; (2) The intensity of the
exposures; {3} The areas of their bodfes that are exposed. The
possible exposure dose will scope the Radiation Protection Program.

Having assessed the hazard associated with normal radiographic
operations, we then consider the consequences if the equipment fails,
or the Radiographer errs. If a human error or failure of the equip-
ment can cause high External or Internal exposure, then every pos-
sibie protective device is used to eliminate the hazard.

FACILITY AND EQUIPMENT DESIGN

kWhen the analysis s complete and the degree of hazard is
known for the operation, necessary facilities and equipment can be
designed to contain the hazard. At Boeing, we try to design out all
the hazards associated with radiographic inspections.

Our industrial radiographic operations are classified in three
general categories: (1) Shielded Room Operations: (2} Portable
Self-Contained Protection Systems for use outside of a shielded room;
and {3} Open Field Radiographic Inspections.

In a Shielded Room design, we place enough shielding in the
walls, floors, and ceilings to keep the radiation exposure outside
the shielded area to less than 10 mR per week. We shield the room
according to the maximum KY and MA, work load, use, and occupational
factors associated with the area. We reduce the cost of shielding
by limiting the walls at which the Primary Beam may be directed.

A11 entrances to the radiation area within the room are pro-
vided with Interlocks that shut down the x-ray production when
opened. The Interlocks are all of a fail-safe nature, and must be
re-activated by both closing the door and re-setting manualiy. The
interior of the exposure room is posted with a sign, "Do Not Occupy
Area When Door Is Closed”. A Flashing Warning Light s placed out-
side of each entrance to the room, and also inside the room. The
Warning Light on the outside iliuminates a sign which says, "Radia-
tion On".  The Warning Light inside (preferably a Rotating Beacon)
is activated twenty seconds pricr to the production of radiation, and
remains activated during irradiation.

An Audible Warning Device s also used inside each shielded
area. This audible signal is activated twenty seconds prior to the
production of radiation. "Caution——High Radiation Area” Signs are



placed at the entrance to each shielded room to warn personnel of the
hazard within the room. Emergency Power Cutoff Switches {Scram
Buttons) are placed in each exposure room, and are easily identifi-
able because of the large red square painted on the wall behind it.

A Sign s located above the switch which says, "If Alarm Sounds, Push
Switch and Evacuate Room Immediately".

Atso placed in each room is a Continuous Radiation Monitoring
Device, which gives off an audible signal when radiation is present.
These are placed in the room as a secundary protection system, to en-
sure that the Radiographer knows if the x-ray beam is on, or a
radfoactive source is exposed within the enclosure. These continu-
ous warning devices do not replace the Portable Survey Instruments
which are used by the Radiographer upon entrance to the room.

Before any of the shielded rooms are put into service, a com-
plete radiation survey is performed of all occupied areas adjacent to
the walls, ceilings, and floors of the room. Each safety device is
checked out to make sure that it is operational and fulfills its re-
gquirements., If they all check out, the room and radiatien source
are certified by the Radiation Health Protection Organization as safe
to operate. This certification will be discussed later, in the
"ADMINISTRATIVE" section.

In-pilace shielding devices are also designed for special
applications. This may be a small lead box used in radiographing
small parts, or a shielding fixture which allows the radicgraphing of
an in-place hydraulic tube on an aircraft. The radiation exposure
levels do not exceed 2.0 mRem/hr at 30 cm from the shields. Where
possible, these shields are fitted with safety equipment such as
InterTocks, Flashing Lights, etc.  Signs, instructing Non-
Occupationally Exposed Individuals to stay approximately one meter
from these devices, are posted near the eguipment. The Interlocks
ensure that the in-place shielding device is closed or fits tightly
to the working surface, to eliminate leakage. The Flashing Light is
activated when the radiation source is turned on or exposed. Both
X-ray units Radicactive Material Sources are utilized in the In-Place
Shielding Devices. By use of this type of equipment, radiographs
can be taken on an aircraft in the assembly line, without having to
remove any of the nearby workers; a great cost savings for the Com-
pany.

For Field Radiographic Inspections, posted barriers such as
ropes, fences, and barricades are used to desigmate the hazard area.
Distance from the source of radiation is used as our primary protec-
tion method. However, portable tead shields are also used during
field radiographies. Shields are generally 1.2 meters by 2.4 meters
Sheets of 9.5 miTlimeters and 12.7 mitlimeters Lead, to accormodate
the high energy sources. They both may be used for Primary and
Secondary radiation, depending upon the energy of the source. Use
of shields cuts down the size of the hazard area, and allows more
employees to continue working nearby the radiographic operation.

In addition to the portable shields, we also use Lead Cones on
the Gamma and X-Ray Beams, to 1imit the field of radiation. The
Cones are fitted to the x-ray tube or on the exposure tube of the
radiocactive material device. Both Audible and Visual Warning Alarms
are used at the radiographic site. Ftashing Warning Lights are
activated twenty seconds before radiation is present, and all the
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time during the exposures. The Audible Alarm is activated by the
radiation seurce. The barriers, signs, and warning devices are put
in place by a Radiation Monitor from the Radiation Health Protection
Organization. Often, the Radiographer aids in this process; the twe
work as a team. During actual radicgraphic exposures, both members
of the team patrol thne hazard area to ensure continucus evacuation of
Non-Occupational personnel.

PROGRAM AUMINISTRATION

After the facilities and equipment have been designed and ob-
tained, the Administrative functions are called upon to provide the
rest of the Radiatfon Protection Program. The general policy of The
Boeing Company is to make each Operational Supervisor responsible for
the health and safety of his employees. The Radiation Health Protec-
tion Organization serves them in an advisery capacity. If the
Radiation Health Protection Organization did operate as an enfprce-
ment group, they would have to be present during all industrial
radiographic inspections, even the ones conducted in a shielded room,
This is impractical, and very costly! Also, the employee who works
in a hazardous area must be willing to accept some of the responsi-
bility for his own protection. We have also determined that the
workers and the supervision of Operating Groups tend to accept advice
much more willingly than to comply with commands or ultimatums.

There is one exception to this policy. If an operation is
conducted in a manner that could cause a serious radiation hazard,
the Radiation Health Protection Organization has the power to stop
the operation. Because of the high risk involved in a field radipn-
graphic inspection, a Radiation Monitor from the Radiation Health
Protection QOrganization is always present to aid in the evaluation of
the hazard.

Our command media plays a very important part in the admini-
strative portion of the Radiation Protection Program.  The Radiation
Health Protection Organization reviews or writes all Administrative,
Operating, and Emergency Procedures which invelve the use of radia-
tion for industrial radiography.

The Administrative Procedures establish the Radiation Protec-
tion Program, and give general rules and requirements.

The Operating Frocedures are written for specific industrial
radiographic operaticns, and tell the Radiographer in a step-by-step
method how he should perform his work.  Operating Procedures also
assign protection responsibilities to the Radiographic Group as well
as the Radiation Health Protection Organization.

Emergency Procedures are written to cover every tvpe of indus-
trial radiography operation, and document the possible hazards with
the necessary controls. Hesponsibilities are assigned to the Oper-
ating Group as well as other Emergency Organizations, such as Fire,
Plant Security, Maintenance, Occupational Medicine, and the Radiation
Health Protection Organization.

The backbone of the whole Radiation Protection Program is the
education and training provided for the Radiographers, Radiation
Health Protection personnel, Management, and Emergency Groups.

At Boeing, every Radiographer and Radiation Health Protection



enployee is required to take a 24-hour Radiation Protection Course
prior to working in a radiation area. These Courses are taught by
the Radiation Health Protection Organization, and help to cement re-
lations between the two groups. Subjects such as Basic Radiation
Pnysics, Biological Effects of Radiation, Methods of Controlting
Radiation Hazards, Operating Procedures, Emergency Procedures, lLegal
Requirements, and Recent Radiation Accidents are covered in the Radi-
ation Protection Course. A written examination is given at the and
of the Course, and the students are reguired to pass with at Teast a
75 percent score. Refresher Courses are required for all Radio-
graphers and their Helpers. On-the-job training is also an on-going
part of the training program.

An Equipnent Certification Program plays an important part in
the Boeing success of reducing its employee exposures, Each source
of radiation is certified to operate only under specific conditions.
These certifications are written by the Radiation Health Protection
Organization, and the contents approved by the Operating Grouns.

The Certificaticon Form contains the conditions uncer which an
f-ray, Gamma source, or Accelerator may operate. The write-up in-
cludes the name of the piece of eguipment, the identification number,
the location where the equipment may be used or stored, the organiza-
tion who owns the eguipment, and personnel who are approved to
aperate the equipment. It specifies the maximum operating pawer
range in kiloVolts {Ky) and mi1llihmps {MA}, or Curies for Radicactive
Material, and the maximum time the equipment may be operated in a
given woek. It tells the Operator at which walls he can point the
radiation source, what power levels he can use, and the minimum dis-
tance the source must be from the wall whenever it s activated.
These conditions are spelled gut for the four walls, the ceiling, the
flgor, and any door within the enclosure.

A list of operating Timitations is also included in the Certi-
fication.  Such things as "This equipment can only be coperated by a
trained and authorized Radiographer", "Al1 Safety Devices must be in
working order", "A Safety Device Checklist shall be completed prior
to each day's operation”, "Any operation not compiying with the 1imi-
tations on the certification must be monitored by the Radiatian
Health Protection Organization", "Radiation Health Protection person-
nel nust be contacted prior to any field radiographic inspection
using this radiation device", and "A copy of all Administrative and
Operating Procedures must be peosted along with this certification”
aro some of the limitations placed on operations.

A1l operations are certified annually. Juarterily inspections
ensure a4 continued safe gperation. The certification forn is re-
viewed by each Cperator. When the Radicgranphors have read and
understand the limitations piaced on the oneration of a particular
radiation scurce, they sign a Form ¢enfirning they have reviewed and
understand the document.

EVALUATION OF THE PROTECTION SYSTEM
After the Acdministrative Program has Deen set up and the in-
dustrial Radiography Protecticn Pregram is underway, the Radiation

Protection Program is evaluated through Physical Examinaticns, Per-
sonrel Dosimetry, and Radiatiorn Area Surveys.
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Normally, Physical Examinations are given to emplioyees prior
to working in a restricted area, on an annual basis, and when the em-
ployee terminates his work with radiation. If real or potential
overexposures are suspected, special physical examinations are admin-
isteread.

Personne]l Dosimetry is worn by all personnel working in radia-
tion areas. These include Film Badges, Pocket Dosimeters, and
Thermoluminescent Dosimeters (TLD's) for special monitoring programs.
The Radicgraphers are required to wear the ©Film Badye and Pocket Dos-

imeter at all times. TLD's are used in special programs to
determine if certain areas of the body are receiving more radiation
than others., TLD's are placed on the head, hands, legs, and other

body surfaces to determine localized doses.

If there is any possibility of internal deposition of radio-
active material, a Bio-Assay is done on each Radiographer involved.
The Film Badge Program is on a monthly basis, with Pocket Dosimeters
being issued and read on a daily basis. Film Badges are purchased
from, and processed by, a disinterested third party. This ensures
that The Boeing Company will not under-read a film badge in case of
an overexposure. tach film badge that reads over 100 mRem in a
period of a month is investigated, and a letter of explanation is
required from the person receiving the exposure.

Persannel working under field conditions are issued Personnel
Audible Warning Devices, which alarm when in a radiation field. Of
course, each field radiography (as explained eariier) is mgnitored by
a Representative of the Radjation Health Protection Organization.

Periodic {quarterly} Radiation Surveys are also conducted on
shielded installations. These surveys inc¢lude monitoring of the
shielding, safety devices, and radiation source. Reports of all
surveys are maintained in opur records for review by governmental
agencies. The results of the Boeing program have been excellent.
Only one individual in twenty years of operation was exposed to ! Rem
in a year. The average exposures for one year are below 100 mRem.

Boeing's Industrial Radiographic Program has never been cited
for items of non-compliance by any governmental agency. This in-
cludes the United States Nuclear Regulatory Commission and the
Washington State Radiation Control Agency.  The potential for high
acute or even low chronic exposure to radiation has essentially been
eliminated at The Boeing Company, and the term "“Industrial Radio-
graphy" is not Tooked upon as a dirty word by any of the Health
Physicists or Radiation Health Protection people associated with this
Program,



SULLATTON Axi) CLFPUCATION IN HEALTH BRYSIZIS THATLNIMLG
g A Lakey, 0 U L Gices and I P tarchant
icyal saval College, Greenwich 5210 %%, Umited Kinpdam

The ~ealth Physicist is an applied Scientist and his
professianal skills must extsnd over many subjscts. FProbaoly the
ianst AiFfirult sleills to acguire arc those af numericel =nalyais,
narcicularly the apolication of this analysis to timo dependent
phencmena. In the tan vears of experience of graduate level courses
in Aardinlogical Pratectiorn, the Royal “aval College has made exten-—
sive applicarior of digital and analogue computers. Computer pro—
cranmes bave neen developed for training in radiation shield design,
oprimisation methods, the sturldy of tho envicoamenial impact of a
reactor accident and the prediction of detector rassponses in varioua
radiatien fields. Computers play an important gupporting role in
the study of the oesign procesa and in the provision of information
input to reactor accident exsrcises. Time dependent gheromena are
not always easily assimilated so analogus campubers arg usod on
rodurad Gr accelsrates tims scalws; in some cases the calcouylation
can e stepped as reguired by the student. Uhilst these sltaraiions
imn timz scale aro usefwl for initial undorstanding it is essential
Lo relale them to real tiwe, and thus the College also usocs a
research reacter tor the final phases of traiming. This paper will
bz illustrated by a number of applications of computers in Health

rysics training and thness will be rastricted %o the dipital
cuTylTEr dapplicatians.

Jumputers Aave a more imporianit role o play in education tnan
the simple dicect application in the solving of sei caurse wark
preobiems.  They can fe cossidersd (1) in two principle modes
"orhavioural control™ and "diacovery laarning™. In the first the
taacher controls ths learning environmenit oy seleciing and arranging
the camputer materiai to iliicii the roguired rasponse fram the
lsarrer, [his technigue derives from the origimal concept of pro-
gratmed learning but has met with limited success. [A the discovery
lgarning mode, conirol is oxercised by the learner who through
caTmputer 2astd procedures can bulld up 8 base of anowlsdge and
extend his xnowledge beyond the hasic given informaticn. These pro-
cedurss are associated vith computer modelling and simulation but
tneir effeciiveness depencs very strongly upon thse guality of
supparting tesching. A typical spplication will present a camputer
based maodel of a aystem or process and offer the student interaective
access o the prineciple paraneters with the opportunity to computs
and display the effecis of veriation. As an oxtension of this the
stucent may be inwvolwed in the process of building amd validating
the mocel bofore using it far the study of a system response or to
achisue an abjective in tre desicn of a systemn.

An exanple of this is the ANT programme $P5 {Snield Parametric
study) wnich is ene of the first programmes developad in this field.
The progranme mocfels a2 pips containing radicactive material and



simulates this as a line source whicn may be located asnywberc in a
plane passing ncrmally tnrough the slas of shielding walerial and
through the dose points (he programme uses a lincar attenuwation
coefficient and a lirear huild up factor and the suurce is
simulazed oy point isotropic elemerts which can e variso in
physical size. The student imseris Initialising paransters Or itay
use a set of tpat data and can then selsct any parameicr which nay
be varied Dy a selected positive or negative Factor, gaci

incramant thn dposn rAtr is caloslated are printed cub Anc
subsequently a orapn may be plotted for each paramszts=r over the
splected rance of change. fGtudercs may wse the prograwvre to

synthosise mare complicated sourcas.

An elementary shiplziny programme sacr 88 578 will overlook
irtgortant changes in response “unction due to radiation guality.
Trocrammes which sodel Lhe response of gamma defsctors to srotons
enitied frarn irternally dislribiutec radioactive Taterial (2) have
teon adaptec., Une progranime sioulaies photon transpsTti using &
Fenmte Zarlu technigque Lo detertine the energy loss spectrum In
cyilindrical geomctry. Data sets are made availabiie “or cross
sactiang spplicat:le to sodium incdize, ceasium ilocice and germaniuom
detgctors. Applicailon of this created intersst in zre aynamics of
internal radiazion dose and an IiRF lung medel {3} was usad in a
stutdont projsct applying the cizital cowputer far esasz ot progran

Hrziipirary work using toe analague compuier pg
son=lingar rates oF activity input to o resresantec Tz nodals
developer In these arsects hava then Ceen comcined a slimulation
of nable gas releascs using a sinplifief herispherical model for a
byilding snield (4)- In tris programre ihe exie-ral gamna
expasyre can be calculated from radiation sources both coutside and
inside tre building. This modoi has Leen testez against Arzon 41
sgurces created by the resoacch reacior.

srliead

iple playing is a valuable wvehicle for cducatian of wne
imdividual and tne tean and Iniraduces bwe real tire world througn
the nlanning of health prysics conIrcl oo the managomens of
accitlents. Un tre whole it is noi pessibie Lo play thz game tcotally
in regal timp, nor is it possible %o assign comolets ralos fo
individuals or te allow tnsT to intaract freely. tiast rosults ace
odtaired when stucents work as synoicates of 4 or O to which infor-
mation anc guestions a adudresserd with soiutions baing offered by
the syndicate as a group. At ihe presont statas of devslopment the
cormuler I1s ussc to prowvide realistic information on douse rates and
its principal value is that of a labour savinao aid to ths Oirecting
5ta¥f of the ixercise, iurtner programmos aro wnder deveslopment to
pruvide feedoack of data on zollective dose undor working conditions
debermines by the gynd regard to Lo ALAHA poinciplae.
[t Is nere irnat interactive sraphics with tho ability for 3-—
dirmensional simulation of working areas "as nuch o offsr.

0 be affeciiva, all these applications of the computer
raguires as much realism =s possibles. for exampla, al ugh tia
playing out of an accident neeo not be in real time, it is mssential
that the radiaiion cdossz concitions postulat=d ara sesn to be as
realistic as possibilc. Ta this cend, simclation of the accicdert

te, hau
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saqusnca, and lis suoseguens dovelosrant can be carricd out using
available godas such as [I3ICY or Wil (3, 8). It is now
recogrises however that less comprehensive codes arc adequates, ang
have tme aduvantane that they can be made interactive and hence can
e usec not only for exsrocise planning put also oy studemts curing,
or indeponcart of, the asxercise. 5Such a code is unmder construction
at i:C and in its present state of developrment it uses a point
source of fission products, allicws for nuilding attenuation when
cvalcula*irg tne gamma shine doses, and uses a standard gaussian
model for plumre dispersion with building entrainment anc dry
deposition, Ffrcm the existing model it has tesen possitble to
compute tre time integraced dose as a functlion of diagtance down
wind and to imdicate its sensivivity to realease rsight, and
Zasguill weatner conditions with the major aim of convincing the
stuidonts tnat a reactor accident will not necessarily follow a
prodetermined cousse. Fuoture models used in exarcise sirulations
will ingert a degree of rancomness in weather conditions, roleasc
mochanisms and im simulated protectiva cosponse.

Oinital zomputsrs are icdeal for the application of optimisation
methads and a numbar of these are briefly described in Reference 7.
Trie aim of the training process is to ensure that the stucents
become familiar with the fundamental design criteria; *he student
should gair an overall appreciation of the desion process anc aboue
all understand the inter-relationaship of design methods.

I'ng vpsz reduction philosophy of ICRP 26 has demanded increased
attention Lo dosc reduction technigues. The XML programme developed
Lo demonstiraie dose reduction simelates a containment structure
reprosentad by a J=dimensional grid witnin which wvaricus system
comparnents may bo representec by a combination of point, line and
plane sources, Simpls line of asight shielding methods are wssd to
estimate the exposure at any location within the grig and it is
possible to extract theg relative centribution of fo thg dass from
pach systemn comporent. [t is therefaore possiblez to assign a
coliective Jdose to a oiven operatiocnal procedure taking place within
tre containment, for example, a maintenance operation. Heduction of
ihis collective dose may then be pursued through changes in
vperational proceduros to take accountof dose gradients for axample
{7) ar uy introducing protective facilities such as additional
shielding or reduction in specific sSources.

ihe work daseribed in this paper is a response to the cemand
for cptimisation and cost benefit amalysis in radiation protection.
These computer based methods can be implemented wsing a variety of
compiter syatems nat only main frame camputers but also dedicated
mini-computers and it is possible that microproceasor based
terninals will have an important epplication. Tha development af
systzms will Inerease trne availability of computer based support For
the operational nealth physicist and thus the computer must be an
cssential feature of his education.
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RETENTICN OF RADIOACTIVE SUBSTANCES, REROS0LS AND POISON
GhS BY SANDFILTER

L. Balcarczvk, V. Hess, H. Scrarntin
INTRODUCTION

In the last wars sheltering rooms have proved their
effectiveness if they are properly egnipped.

Cne of the most important components is the filtering
system. It consists gencrally of a non-burnable nrefilter
filled with gravel, sand or other lcose material which
acts as heat and shock vrotector followed by an activated
charcoal filter to absorb volatile poisons.

We tried to develop a filter system with only cne non-in-
flamable medium with sufficient capability for the re-
tention ©f harmful gases and aerocsols.

EXPERIMENT

Testing of Hltering materials

Various kinds of inorganic materials as gravel, sand,
dolomite, slags ete. were tested. For the use in filters,
sands of basalt or dunite proofed to be the best, but
others can be taken if thev fulfill the following condi-
tions:

-large inner surface { >*>»3 m?/«)

-airflow resistance {3,5 mbar)

-particle diameter 0,2 = 0,025 cm.

Influence of humidity on sandfilters

It is a well Xnown fact that in the presence of humidity
the capacity decrecases very dguickly.

In a series of experiments air, saturated with water, was
sucked through a sandfilter. The humidity in the bed was
measured by hygrometers which had been posted irn different
dephths.

No significant change during 60 hours could be observed
on the hygrometer in the sheltering room, because - as
could be noticed from the other hygrometers - an equili-
brium botween the humidity of the air and the water con-
tent of the sand was formec.

Behaviour of sandfilters against hot air

In case of accidents higher temperatures may occur in the
surroundings of the shelter. To simuelate this conditions
an airstream was heated to 120°C and conducted through
the sandfilter, in which several thernometers had becn
inserted. After six hours no remarkable temperature rise
was obscerved till 75 cm distance from the surface of the
filter. Later the temperature increascd in the *ollowing
18 hours to 60°C and remaired a®ter 48 hours at 70°C.
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RETENTICN OF RADIOACTIVE SUBSTANCES, REROS0LS AND POISON
GhS BY SANDFILTER

L. Balcarczvk, V. Hess, H. Scrarntin
INTRODUCTION

In the last wars sheltering rooms have proved their
effectiveness if they are properly egnipped.

Cne of the most important components is the filtering
system. It consists gencrally of a non-burnable nrefilter
filled with gravel, sand or other lcose material which
acts as heat and shock vrotector followed by an activated
charcoal filter to absorb volatile poisons.

We tried to develop a filter system with only cne non-in-
flamable medium with sufficient capability for the re-
tention ©f harmful gases and aerocsols.

EXPERIMENT

Testing of Hltering materials

Various kinds of inorganic materials as gravel, sand,
dolomite, slags ete. were tested. For the use in filters,
sands of basalt or dunite proofed to be the best, but
others can be taken if thev fulfill the following condi-
tions:

-large inner surface { >*>»3 m?/«)

-airflow resistance {3,5 mbar)

-particle diameter 0,2 = 0,025 cm.

Influence of humidity on sandfilters

It is a well Xnown fact that in the presence of humidity
the capacity decrecases very dguickly.

In a series of experiments air, saturated with water, was
sucked through a sandfilter. The humidity in the bed was
measured by hygrometers which had been posted irn different
dephths.

No significant change during 60 hours could be observed
on the hygrometer in the sheltering room, because - as
could be noticed from the other hygrometers - an equili-
brium botween the humidity of the air and the water con-
tent of the sand was formec.

Behaviour of sandfilters against hot air

In case of accidents higher temperatures may occur in the
surroundings of the shelter. To simuelate this conditions
an airstream was heated to 120°C and conducted through
the sandfilter, in which several thernometers had becn
inserted. After six hours no remarkable temperature rise
was obscerved till 75 cm distance from the surface of the
filter. Later the temperature increascd in the *ollowing
18 hours to 60°C and remaired a®ter 48 hours at 70°C.
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Behaviour of filtersands acgainst asrosols

Fcr checking on laboratory scale a cefinite volume of air
was led over an emanating sample cf 2287h. After a aecay
time of 10 min for Thoron, the ailr stream was devided.

Tne first part was directly sucked throuah a microoore
filter wrhile the second kad to pass a sandfilter kefore
reaching also a migropcore filter. The aciivity gathered
cn the two microporce filters showed that the acrosols were
absorbed cowmpletbtely by the sand.

In a similar experiment paraffin aercsols with a medium
diameter of 0,3 um were produced with a special generator,
mixed with air and a steady stream of 1,5 l/min was sent
through the sand.

The measuring apparatus consisted of a plastic tube of

6 ¢m diameter, which was filled fto 1t m height with the
sand. On one side of the tube, in distances of 13 om,
holes were drilied and connected with an exhausting pire
and a case holding a micropore filter. By the two way
valve the airstream lcaded with the aesrcsols was sucked
through the sand or the aercsol could ke extracted from
different height out of the sandfilter.

While in 28 ¢m dephth 1,4 mg aerescl could be sucked off
in 10 =in, a layer of 28 com was sufficient to with bold
the aerosols. Totally, the filter column was loaded with

9 g paraffin durirng 100 hours.

For comparison, & similar column was filled with activated
charcocal of 1,5 mm particle diamerer t£ill a heiabt of

36 ¢cm. The break througn was observed after 25 hours, in
which 2,23 g paraffin had been precipitated. The sand
showes therefore uncder the mernticned conditions a four
times <reater capacity.

Behaviour of filtersands acainst methvliodide

After reactor incidents 1311 is one of the most volatile
fission products. Trhe iodine carn be present in form of
element, acids or organic compounds. Form the latter
methyliodide can only be retained by charcoal £ilter im-
pregnated with alcali icdides or amines and at hicher
temperatures, only molecular sieves containing Ag cr Cu
are successful. 131

We tested t}le sandfilters with I labelled methyliodide
and could only register a very poor retention about 0,1 %
of the starting activity.

Better results about 1 % were obtained when the loaded
airstream was mixed with ozon comire from an elcctrical
generator.

Retention of tear and poison gases

Since chemical warfare is not prohibited the presence of
poiscn gas and aercsols must be taken into acceount.

In the first series of tests we used bromcacetone, which
effects the eyes even 1in a concentration of 1 ma/xn* very
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severelv.

To simulate  conditionz in the shelterino room an air-
stream of 1,3 1/min was charged with the tearogas and the
carried amount determined by adsorption eon charceoesl. In
the following test the stream was conducted through the
sandfilter and the break throuch registered by coloration
cf filterpaper irmpregnated with 2,4 dinitrophenvlhyvdrazine
An ordinary zandfilter with a volume of 1 27 can there-
Zore retain 1,67 g of brcecrecacetonco.

From the poison gases phosgen was chosen, beoeausc il is
one of the most toxic. The experiments were conducled

in similar way in gloveboxes. The dried airstream was
mixcd with phosgeon coming from a stecl bottle. On the
nermal sandfilter 166 g nhesgen were retained. For com-
parison, speciflication for charcoal filters ask for a
retention of 7455 g.

SUMMARY

Selected filtersand showed a climatizing effect for
humidity and ket zir. By their greater cuter surface and
moisture contenl they display a very good retention of
agrosols and are in this case even cffcctiver than acti-
vated charcoal filters.

Methyliodide wmassces throuagh sand and untreated charcoal
filters and can only be withheld by sands to a small
extont after ozonisation.

Sur gandfilters showed because of their molsture content
very gqooed retentions of bronceacectone andéd were oven su-
perior Lo charcoal in the prescnce of phoesgen.
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A STLLY OF EFFLUENT CONTROL TECHNOLOGIES EMPLOYED RY
RADINPHARMACEUTICAL USERS AND SUPPLIERS#*

Leon Leventhal (1}, James Slider (2), Elliot Chaxoff (2}, Joel I.
Cehn (2), Ellery Savage (3)

{1} LFE Eunvironmeatai Analysis Laboratories, Richmend, €A, U.S.A.,
{2} Teknekron Corporation, Mclean, VA, U.S.A.,
{3} USEPA, Montgomery, AL, U.S5.A.

INTRODUCTLON

The medical use of radionuclides has resulted in the evolution
of a large radiopharmaceutical industry., This industry is made up of
suppliers that produce or package radionuclides amd users primarily
hospitals and physieians, The quantiries of radiopharmacenticals
produced for in-vive diagnostic and therapy proccdurcs has been esti-
nated te be growing at the rate of 16% per year,(l) based on L378
sales figures. RKuclear medicine facilitles are experiencing an
average annual growth rate of 5% per year.

The principle radionuclides produced and used for nuclear medi-
cine are 1311, '33%e and *¥™re. Of parricular concern is that amount
of these radionuclides which might becowe airborne and escape into
the environment during the process of manufacture or during aiiguot—
ting or administration by hospital personnel. Therefeore, the radio-
phatmaceutical industry facilities have been reviewed to identify
those parameters and mechanisms that could lead to the airhorne
release of radicactive isotopes and assess the control technology
employed,

HOSPITAL USAGE

The radiom:clides used in nuclear medicine procedures are
grouped according to use as follows:

Internal Therapy - 1311, 1984, 32p

in Vivo Studies - 39mpg  123,125,1317 133y, Slge, 18p,

67Ga, 198au, 5%pe, 1llin, Blmgy 73g, @3¢, 20lqy

In Vitro Studies — 125.131

RIA -~ 1251, 3y, 57¢q

These radionuclides, except for krypton and xenon, are handled
in a solid or liquid form and thus are not likely to be released as
an airborne effluent. In hospitals, the iodine usage rate is BOO-
1350Ci/v. Preparation and transfer techniques for iodine tends to
retain it in rthe liquid phase, The emission of airborne radiciodine
is minimnal during normal operating procedures except for protein-
iodination by researchers. Therapcutic 1317 iq readily volatilized
and can hecome an alrborne contaminant when used in sclected
therapeutic procedures.

H3y%a usage rate is estimated at 1600-3000Ci/y. 133Xg is an
inert gas that can be released as an alrborne effluent. !?3Xe has a
biclogical half-life of about 1-2 minutes which results in low

#This study was perfoermed under USEPA Contract No. 68-01-5049.
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paticnt dose and is usually administered in 15-253mCi doses for pa-
tient imaging. Following administration, the patient exhales the
133%y gas into a spirometer, either with or without charcoal treat-
ment or a Douplas bag with ultimate exhaust through a roof stack.

3%re ig currently used in large quantities at hospitals at an
annual usage rate of 15,600-30,600Ci/y. It is used as prepared by
the manufacturer or is eluted in liquid form from a radicisotope gen-—
erator (ggHo - 9ngc} and prepared as needed. 99mTe is included as
a poteatial airborne effluent primarily because of the quantity used
in medical procedures,

On the basis of these considerations and assessment of reports
on measurements of eifluent radicactivity from hosPitals,(Bsa) the
ﬁutential airborne effluents from hospitals were identified as -3°1,

y%e, and IMpe,

HMOKITORIKG OF FACILITIES FOR AIRBORNE CFTFLUENTS

Effluent monitoring data for the isotopes of interest were
obtained [rom seven suppliers and a 1976 State of New Jersey studyﬁs)
That data show that the radiciodine dominates the airborne releases
from these facilities.

Reports of hospital effluents were mainly concerned with ligquid
effluents. However, a recent paper detailed the velatilization of
radiciocdine during preparation and administration of therapeutic
ligquid Ra!? I, A steady-state release rate of 3 nCi/min from a
30 mCi solution was teported. In a literature search, no quantifi-
cation of airborne effluent releases of radiciodine from hospitals
was found.

CONTROL TECENOLOGY

Like the commercial nuclear power industry, the radlivpharmaceua-—
tial industry evolved under strict federal and state limits on re-
leases of radicacrivity to the environment. In general, the supplicrs
and users of_radiopharmaceuticals rely on the guidance of 10 CFR 20,
Appendix B, to determine the maximum permissibie concentrations
{MFC) for radicnuclides in air or water that are contained in
effluent releases and the workplace environs.

Essentially 211 of the effluent control equipment that was found
in use in radiopharmaceutical facilities: (1) was developed in the
cormercial nuclear power industry, (2) follows proven, reliable
designs copied from nuclear power plant equipment, and, (3} consists
of vfi-the-shelf components or complete systems readily available
from commercial vendors.

Gemerally, the means to control airborne radicactive effiuents
fall into two classes according to function. The controls either:
(L} dilute and direct the effluent to a specific peint of release, or
(2} hold up the effluent to reduce by decay the amount of
radivactivity released.

the first class may be described generally as air flow ot venti-
lation controls. These provide no bold-up or time for decay of rou-
tine releases except the delay due to the effluent's transit time
through the ventilation systen. These controls direct the radicacti-
vity from its source within the building inte the wventilation system



and then to the controlled release point. Examples include fume
hoods, glove boxes, wall fans, and vent stacks. Each iz intended to
provide, within a radioactive materials facility, a zone of air pre-
ssure lower than in the adjacent nonradicactive areas, The air
inflow from adjacent zones alse dilutes the radicactivity in the low-
pressure zone. Ventilation contreols may be used alone but are often
combined with the second class of controls {i.e., those that reduce
the amcunt of radicactivity released}.

The swecond class of controls may Le described generaily as radio-
aecolive effluent mitipgators. They remove the radivactive materials
from the effluent exhaust stream and hold them physically or chemi-
cally, reducing by decay the total radicactivity in the effiuents.
One exampie 15 activated carbon, which effectively adsorbs heavy
vapors and gases, such as iodine and xenon. Other examples in this
class of controls include silver-exchanged zeplites and silver-
impregnated alumina and silica. Another example is the crycgenic
trep for noble gases, which liguefies them and holds the liguefied
gases for decay, For molybdenum and techmetium, which may be found
in particulate form in the effluent stream, a high efficiency parti-
cuiate absolute (HEPA) filter can previde effective effluent control,

Suppliers Zffluent Controls

From contacts with the radiopharmaceutical suppliers, it was
found that the types of effluent contrels used depend on the type and
amount of each isotope handled in the facility.

#ffluent control cost varies widely from installation to in-
stallation, depending on such factors as (1} volume of air to be
treated, {2} degree of treatment needed, {3) ease of imstallation,
(4} chemical quality of air treated, and (5) equipment reliabilicy.
Differences in routine maintenance and monitoring contribute most to
differences in equipment performance from site to site.

Activated carbon and/or EEPA filters in the exhaust stream of
the building and fume heood ventilation systems appear to be the rule
among large radiopharmaceutical firms and common among smail firms
nandling radioiodine or technetium. This equipment appears to func-
tion economically, reliably, and effectively and to be the choice for
radiciodine control by radiopharmaceutical firms. It is estimated
that the average cost of installing such systems to be approximately
$8,000 per 1000 cfm, of maintaining such systems to be $1,000/y per
1000 cfm, and the dose reduction provided by such controls to be
approximately factors of 10 to 100 for iodine and up to 3333 for
technetiuvm (the dose reduction provided depends on operating con~
ditions). Xenon control at supplier facilities presently requires
rore elaborate equipment for which ne geed data could be feourd.

Users Effluent Controls

Because hospitals censume wost of the radiopharmaceuticals pra-
duced, they were the focus of the study of radiopharmaceutical users'
effluent controls., The most significant differeace between suppliers'
and users' effluent controls is the difference in scale, Small
hospitals (less than 300 beds) appear to operate with no radigactive
effluent controls because the principal isotope used (?¥T¢) is
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handled in liquid solution and because the total activiry handlec per
day is low {a few millicuries, typically}. Both the medium-size (300
te 500 beds) and large (more than 300 beds) hospitals varied from
using no ceontrols to using extensive controls. Generally, the large
hospitals appear to use controls like those of the radiopharmaceuti-
cal suppliers, because they handle large amounts of activity per day
{tens or hundreds of milllicuries} and they handle a wide variety of
isotopes. Controls at the large hospitals range from fume hoods
with HEFPA and carbon filters and xenon traps to unfiltered fume hoods
and no xenon traps. The medium-size hospitals tend to use xeunon
traps and unfiltered fume hoods, but may have no controls if they use
nuclear medicine as infrequently as small hespitals, or meet NRC MPC
requirements without controls. The carbeon xenen trap offers a con-
venient, effective means to reduce xenon releases from hospitals

ané is the xenon effluent control preferred by the HRC.

SIMMARY OF EFFLUENT CONTROLS IN THE RADIOPBARMACEUTICAL INDUSTRY

From contacts with radiopharmaceutical suppliers, users, and
effluent control eguipment vendors, it was found that the control
equipment is readily awvailable, reliable, and effective in reducing
radicactive releases from radiopharmaceutical facilities. The cost
of controls appears to increase proportionately with the dose
reduction provided by the controls. NRC requirements®8®) and owner/
operator perceptions of the controls' cost-benefit ratios determine
what controls are used at a given facility, Based on the above it is
believed that the effluent contreols available and used today in the
radiocpharmaceutical industry adeguately protect the environment and
the public health and safety.
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A BICETHICAL PERSPECTIVE ON RADIATION PRQTECTION AND “SAFETY"
M. N. Maxey

Assistant Director, Energy Research Institute
Columbia, South Carolina, U. S. A.

By way of developing the central theme of this Congress, I pro-
pose to review three problems of major concern to policy makers whose
task it is to protect public health by setting criteria and standards
for "safe" radiation management. The first problem js to decide if
current conceptual teools for assessing potential bichazards--namely,
basic harms to vazlued 1{ving systems--are ethically adequate, The
second problem is how to set safety standards on the basis of informed
consent to scientific evidence presented by experts who disagree in
interpreting that evidence. The third problem is how to resolve
value-canfiicts underlying expert disagreement, namely conflicting
phitosophies about radiation protection.

A fundamental bioethical? principle must be firmly established if
we are to analyze and organize scientific evidence concerning radia-
tion exposure, and to separate genuine from counterfeit claims to
credibility. Social justice and equity require an equitable manage-
ment of sources of basic harms, that is, potential hazards uhTE}?%%Tght
have adverse health effects and unjustifiable social consegquences, By
"equitable management" 1 mean that policy makers should first be
comprehensively informed about the broad spectrum of both natural and
ordinary man-made hazards that may have health effects for large seg-
ments of the population; then make comparisons of the actual risks as
well as costs per capita to reduce these effects; and only then make
policies and set safety standards that will get the most public health
protection for the many out of a finite amount of money. Potential
hazard management is ethically equitable only if it is proportional
in relation to actual basic harm that can be identified ang reduced by
expenditures of human effort, time, and money.

CONCEPTUAL TOOLS

Contrary to a popular misconception, "hazards" have neither a
bare facticity nor an Intrinsic morality predetermining how human
beings should behave in relation to them. Hazards are not baldly
"there" in pature or in human transactions with it. What people
regard as hazardous in any given era reflects what they have come to
know about their environment, and what they value as essential or
desirable on a scale of real possib{lities. In short, human beings
structure hazards; they are, in that sense, human artifacts. A hazard
is not by definition "toxicity of substance" or "violence of event"
or “magnitude of consequences” that can be known, classified, and
predicted. A hazard exists only when, and to the degree that, harmful
exposure of and assimilation by the human body or other valued 1iving
systems becomes a genuine and not merely an imaginable possibility.
That possibility exists only when there is an inability or failure to
devise and maintain controlling actions or safeguards.
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Because there are vast uncertainties about “how the world works,”
it serves no human purpose to bewail our "legacy of risks to future
generations,”" and then make the fraudulent claim that the goal of
hazard management should be to assure centuries of control over toxic
elements or prediction of future adverse events. FProf. William Clark
states that hazard management is “the adaptive design of hazard struc-
ture,” and that the primary goal of hazard management is "to increase
our abfifty to tolerate error and to take productive risks."{1) His
statement stands in sharp contrast to a popular yet unexamined notion,
expressed as well as anyone by Wolf Hdfele, that "we are locked in a
world of untested hypotheses {of unimplemented trials} because we dare
not let experience prove us wrong. The costs of failure have grown too
great,"{2) Mot only does this notion reflect the New Pessimism spawn-
ing defeatism and pseudoscientific dire predictions which now pervade
our cultural climate; but it alsc constitutes in itself the ultimate
hazard -- the failure to design and mafntain structures of social
resiliency. It is the social ideal of resiliency that has been a
major driving force behind the emergence of highly complex and techno-
logically advanced societies, The social ideal of resiliency accounts
for the burgeening art of risk-analysis,

The hazy connection between hazards and risks gives rise to
another common misconception, If popular 1iterature on the subject is
any indication, "risk" i1s steadily acquiring the moral opprobrium
reserved for other four-letter words. I do not intend to add to that
moralizing, Suffice it to say that many have adopted the uncritical
assumption that risk s a normative concept for certifying consequences
to human beings that are harmful, dangerous, or “"bad.” These contrast
sharply with consegquences that are beneficial, pleasurable, or good--
hence by implication risk-free, This assumption is altogether under-
standable because it reflects a basic value-conflict abeut the nature
of risk-taking.(3) For some persons, risk-taking is by definition
hazardous, harmful, and perhaps the result of a demonic compulsion
suppressing nobler human pursuits. For others, the word risk stands
for the opportunity to undertake what is challenging and venturesome,
innovative and fulfilling to the human spirit in its endeavor to live
“the good Tife." This value-conflict has developed because risk-taking
is not inherently good or bad -- neither in a psychological sense nor
in a mral sense. The fact that the concept of risk is negatively
overloaded in popular usage has no analytical justification.

Because of a facile identification of risks with hazards, a false
antithesis has been set up between risks and benefits--as if there were
a way to have one without the other. The trouble with the phrase,
"risk-beneftt analysis” is twofold: it fails to express a proper
symmetry, and it tends to obscure the primary motivating force of human
activity, i.e. the foreseen and intended benefit which can be gained or
lost. In concrete decisions, what is actually "at risk™ is the possi-
bility that intended benfit may not materialize, and instead harm may
occur, When harm results, it is clearly unwanted and unintended. Risks
and benefits are inseparable, not antithetical.

A major problem about the growing dispute over radiation protec-
tion and radioactive waste management is the inadequacy, not of risk
analysis, but of harm-benefit analysis. Some refinement in the notion
of benefit fs essentia¥. Okrent and Whipple suggest three qualitative
distinctions in benefits, namely those goods essential to society
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(e.q. food, water, energy) or basic goods; advantageous to society {e.g.
most manufacturing); and of peripheral if any vajue to society {e.g.
aerosal deodorants having substitutes at lower cost and likelihood of
harm.} Each qualitative benefit has corresponding levels of harm. (4)
Basic harms may result from being deprived of good essential to subsis-
tence and material well-being, Justice and equity require a society to
provide access to basic goods and avoid basic harms. As for second-
level benefits, the total outcomes of any social policy toward such
improvements will have an unclear mix of benefits and harms. Auto

and airplane manufacture afford major economic benefits to employees,
capital investors, travelers, and the general health of international
economies. Yet each time someone drives a car or enables an airplane
to take off, the benefits pursued may entail the possibility of unin-
tentionally causing the death or serious impairment of a fellow human
being. Any socfety must, at some point, deliberately decide how we
ought to balance economic benefits and costs against possible harm or
loss of life.

According to critics of such balancing, a human life is of
infinite value, and its loss or impairment camnet be put in a class
with other "negative conseguences," much less be given a finite mone-
tary vatue. To do so indicates the moral bankruptcy of our material-
istic, consumerized, decadent society. Cost/risk/benefit quantifica-
tions, say its critics, manifest a 1oss of respect for the sacredness
of human tife, Those who defend this conceptual tool have often used
simpie observations, such as "There are necessary tradeoffs in any
pubtic poticy decisfon,” or "Everyone puts a finite, monetary value on
one's }ife when buying 1ife insurance, installing safety mechanisms in
a home or auto, taking hazardous jobs because they pay higher wages."
Although true, such analogies are not sufficient, The public must be
confronted with the fact that any society has but a finite amount of
money to spend on health protection and safety, and that the ethical
prabtem is to get the most protection for the most people from this
finjte amount.

As a conceptual toel which attempts to enhance informed consent,
cost/risk/benefit quantifications are simply one teal among many others
whereby policy makers endeavor to allocate finite amounts of money in a
just and equitabie manner., They are not toals for putting some callous
dotiar vatue on human 1ife or fnjury as a moral judgment of individual
worth, much less of using economic losses to society as a measure of
personal expendability, We are in fact maximizing the value we place
on human 1ife when we endeavor to aliocate Timited amounts of money in
such a way as to reduce widespread hazards, therehy preventing as much
Toss of 1ife and protection from injury as possible.

The fact that our tools for balancing economic costs against risk
to human 1ife are not morally or ethically objectionable does not
amount to saying that they are easy and acceptable to the public. Far
frem it, The task of public education in this matter is monumental.
Moreover, as my colleague in social ethics, George Pickering, observes:
“We are going to have to do more than find some level of 'acceptable
risk;' we are going to have to come to terms with the question of
'justifiable harm.* There are, after all, some kinds of harm which
cannot be avoided; but there are other kinds of harm which any society
should not allow and against which it should adopt protective or
remedial measures to the best of its abf]ity."(sg Which is which?
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We must face up to the disconcerting task of developing a more
enlightened concept of--and method of informed consent to--unavoidable
hence justifiable harm, and not divert attention away from it by focus-
ing exclusively on “acceptable risk" criteria. Qur failure to take up
this task 1ies at the root of the second problem noted above: the
frustrating dilemma of a policy-maker who wishes to set safety stand-
ards on the basis of informed consent, yet when he turns to scientists
upon whom he relies for "expert testimony," he finds they have basic
disagreements about what data should count, how it should be interpret-
ed, and what level of health protection 1s "safe enough to be safe,“

EXPERTS, REGULATORS, AND STANDARDS FOR “SAFETY"

Aaron Wildavsky has recently observed, "Experts are used to disa-
greeing, but they are not so used to failing to understand why they
disagree." (6} At the heart of the matter 1ies a misconception about
safety, especially as 1t relates to risk acceptability.

A case in point is the unending controversy over whether or not
there is & threshold for radiation below which no harmful effect
occurs, For most toxic elements, a threshold concept has been accepted.
It carries the impliication that below a threshold dose any exposure is
"absolutely safe.” But over the twenty years of evolution in radiation
protection philosophy, the ICRP and NCRP came to adopt a conservative
assumption, namely that it would be more prudent to assume some harmful
effect from any radiation dose, however small, than to assume a thres-
hold dose and then discover data proving it to be false. This conser-
vative assumption carries the implication that there is no absolutely
safe radiation dose except zero, and every dose greater than zero
entails a cerrespanding possibility of genetic or somatic harm. In the
ensuing process of applying a Tinear no-threshold hypothesis to the
development of standards, regulatory institutions and some of their
expert advisers seem to have forgotten that their quest for radiation
limits rests only on a hypothesis, a conservative assumption, and not
on a scientifically established fact. According to G. Hoyt Whipple,
"The data on the biological effects of radiation can be interpreted in
terms of a threshold dose, but even the vast amount of radiobiclogical
data cannot conclusively prove the existence, or absence, of a
threshold,"{7)

Given this state of affairs, the dilemma of a policy-maker could
be mitigated if two factors were clarified: {1) the meaning of "safe"
and {2} the ambiquity of a threshold concept.

A profound misconception of "safety" dominates the controversy
over radiation protection. The working assumption has been that safety
is an intrinsic, measurable, absolute property that a given system or
product or activity can and should possess. Our society has institu-
tionalized and appointed the regulator to measure approximations to
that elusive property. The mandate of the requlator is to make ever
more stringent regulations, presumably to come ever closer to that
property by reducing risks. But the only risks he is expected to moni-
tor and minimize are a small percentage of the total spectrum of risks
tolerated by members of society as a whole. Intent on making a set of
risks publicly "acceptable” as an index of “safety," the professianal

regulator must continue to propose risk-reduction without regard to
economic costs or social jmpacts of ever-changing requiations.
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Presumably he is “only giving the public what it wants," namely safety.
This spiral 1s Tikely to continue unless or until the public compre-
hends the fact that safety is not am intrinsic property measyred by
approaching zero-risk. Safety is an evolving, relational value judg-
ment derived from current perscnal or social priorities. Whereas

risks can be measured, quantified, and predicted, safety cannot be
measured, much less predetermined by the presence or absence of risks.

Judgments of safety are judgments about the justiffability or
unjustifiability of harm. The process of reasoning for etﬁical safety-
policy decisions should be dictated--not by risk avoeidance, an impos-
sible ideal--but by comprehensive risk/risk assessments and cost/risk/
henefit ratios. When these comparisons make 1t clear that a point of
diminishing returns on allocations of money, time, and effort has been
reached by comparison with other potential hazards in a society, then
the product or process under scrutfny is "safe enough.” If indeed
unintended and unwanted harm should occur, then such harm can be judged
Justifiable because unavoidable or negligible by comparison with other
harms and essentfal benefits,

Greater clarity about the process of making safety judgments would
help to clarify the ambiguity of a threshold concept. As noted above,
regulatory standards have been predicated--nct on a scientifically
established fact--but only on a hypothesis, an assumption that there
1s no threshold below which harmful effects will not occur. As a
result, reduction in radiatfon exposure levels has been reguired to
become “as low as reasonably achievable," (ALARA). J. J. Cohen has
this to say about ALARA: "Philosophically, this is based on the pre-
mise that, since we do not know the effects of Jow-level radiation
exposures, the conservative standard will effectively minimize them.
Supposedly any degree of reduction in radfation exposures will do some
good. However, some evidence indicates that there might in fact be a
net beneficfal effect of radiation at Yow levels. Since we do not in
fact have a compiete understanding of Jow-level exposure phenomenolegi-
cally, perhaps we should recognize the possibility of beneficial as
well as harmful effects. [f the net effects are in fact beneficial,
then by insisting upon the application of ALARA--rather than being
conservative--we may actually be causing harm.*(8) Speaking from an
ethical perspective, I must ask what scientific evidence justifies
marginal reductions if “conservative" actually means "doing the least
harm?" Since net beneficial effects of low-level exposures can be
proven with other toxjc materials {e.g. copper, selenfum, fiuoride),
why not lTook at radiobfological data through the lens of that assump-
tion?

The assumption of a zero-threshold for “safe" radfation exposures
may be justifiable for some radiobiologists. But for the policy maker
there can and must be a practical threshold below which the possibility
of unfntended and unwanted harm {s ethicaily justifiable because it is
either unavaidable or negligible by comparison with other patential
hazards against which citizens ought to be protected.

The dissensus amengst health physicists and biostatisticians may
mean that what we need is not more stringent regulations; but rather
we need to devise innovative iInstitutional methods for dealing fairiy
with complaints without undermining stili further pubiic confidence in
experts, in safety-policy decisions, and in requlatory actions. What-
aevar these institutfonal innovations may be, they must somehow take
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account of the possible origin of basic disagreements over safety judg-
ments, namely conflicting philosophies.

PHILOSOPRICAL ORIGINS OF VALUE CONFLICTS

The mounting controversy over radiation protection and radiocactive
waste management has revealed basic value conflicts, compelling us to
probe more deeply into the philpsophical and ethical principles from
which values derive their justification,

For some time now, representatives of envircnmental protection
organizations, together with special interest groups purporting to pro-
tect the public’'s health and best interests, have espoused as a funda-
mental philosophical principle "non-degradation of the environment”--
defining a "degraded environment" as any place that human actions have
affected or changed.{9) Some representatives adopt the "pre-existing
natural state" of any given environment as an appropriate standard for
human transactions with nature because "it emphasizes the role of a
trustee as one whe maintains the nen-renewable environment as it was
originally, to pass on to the next trustee." This fundamental goat is
& key consideration, “because if any degradation is allowed {in the
name of 'allowable radiation exposure'}, there is no clear bound at
which degradation becomes, by anyone’s standard, too much." On behalf
of the public,these representatives are of the opinion that the ethical
pringiples of equity and participation reguire criteria for radiation
protection against energy technglogies and waste disposal to be neytral
to future generations, stating that "the least unfair way of managing
intertemporal relationships is for each generation to try to Teave the
earth as it was when they arrived, As a goal, the only acceptable
distribution of hazards and benefits is the neutral ailocation, where
no pattern of benefits and hazards is imposed."”

Formulas such as these obscure two gquestionable assumptions: first
that an untouched "natural environment" by definition manifests a
superifor, if not sacred grder which human interventions or changes
violate to some degree; and secondly, that a trustee of a so-called
"natural environment”can do nothing more nor less tham pass it along
in its original pristina state; to do otherwise is to be guilty of a
moral wrong,

The phiicsophy of non-degradation has a long history, as is clear
to anyone who has read Book 1 of Georgius Agricela’s De Re Metallica,
published in 1556. This sixteenth century inventory of objections to
disturbing a pre-existing natural state of the environment make it
abundantly clear that the arguments advanced in the name of protection
of public well-being are specious.{10)

The philosophy of non-degradation uncritically assumes the idea
that a benign environment is rapidly being ruined by human beings.
However the historical record attests that an untamed environment has
repeatedly wrought massive human degradation through catastrophic
effects of famines, plagues, fiocds, earthquakes, and so forth. The
basic problem, therefore, is not a question of pursuing an idea) of
"non-degradation” of the environment, but rather represents a highly
complex chalienge of both protecting 1ife-sustaining and aesthetic
qualities of the biosphere and developing technologies that provide
bastc human goods as a necessary condition for maintaining a prefer-
able environmental quaiity, As a fundamental, meaningful principle
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for securing that environmental protection, nron-degradation is vacuous,

From a bioethical perspective, it is justifiable for policy makers
to establish criterta and standards for health protection by reference
to naturally occurring radiation sources from which man-made applica-
tions are derived. But 1t is not justifiable on the basis of a phild-
sophy of non-degradation or trusteeship over some pre-existing natural
state.

Those responstble for providing access to basic goods, methods of
informed consent, and an equitabie management of biohazards have an
ethical obligation to derive vatue judgments of safety, acceptable risk
and Justifiable harm from a philosophy of congruence with a pattern of
benefits and harms already established by naturaily occurring radiation
sources with which human beings have lived and evolved throughout
recorded history. The philosophy of congruence and of logical consis-
tency require a policy maker to form value Judgments on the relative
benefits of providing protection against radiation by first taking
account of wide variations 1n personal exposures and population expo-
sure from naturaTly occurring background sources. {These include
external sources from cosmic rays, together with the radionuctides they
produce and primordial radionuclides in the earth; and internal expo-
sure from natural radionuclides inhaled or ingested via food and drink-
ing water.) Large segments of the population in the U.S.A. recelve
natural external radtation doses varying from 40 to 105 mrem per year
simply because of geographic locatton. Variations in natural expasure
to thorium fn monazite sands along the southeastern coast of Indfz
range from 130 to 2,800 mrem; while on the coast of Braxil, exposure
ranges from 90 to 2,800 mrem with an average of 550 mrem per year.
There is no scientifically established evidence that there are basic
harms to those so exposed.

Human tolerance for, indeed dependence upon, such wide varfations
in natural radiation sources for several millenia demonstrate that
increments from man-made applications of those natural sources can be
kept well within the range of those variations without inflicting
either unjustifiable harm or deprivation of basic goods to members of
a society.

The philosophy of congruence and corresponding ethical principies
set forth here are in contrast to what has been assumed by requlatory
agencies when they have set excessively conservative standards in the
past. However, with increasing knowTedge of a pattern of benefits and
harms from natural radigion, there is ethical justification for their
gradual revision. It is a matter of fact that the largest increment
from man-made radiation exposure comes from medical and dental health
practices. These exposures are 10 to 100 times greater than oather man-
made sources which by contrast are stringently regulated.

From the perspective of bioethics, the fnequitable management of
biohazards in geperal--and of radiation protection in particular--gught
to be reviewed and remedied. There {s clearly a category of negligible
risk and negligible harm which in practice ought to be ignored. This
category coincides with the ethical principle of justifiable harm.

The perceptual probtem of managing radiocactive waste could benefit
greatly from a philtosophy of congruence appiied to performance criteria
for radicactive waste disposal. As they are proposed, these criteria
require that yltimate waste disposal shall be conducted in such a way
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that there is no net increase in risk of harm by comparison with the
typical ore body of natural uranfum which yields the energy from which
the wastes are derived. In other words, the wastes would be disposed
of in a way that returns them to the same {if not better) Tevel of risk
which natural uranfum ore in the earth's crust poses. The waste form
would be required to have the same stability as the original ore body;
the medfum containing the wastes would be required to retain the same
integrity as the medium containing the ore; and the geological media
surrounding and isolating the wastes would be required to retain the
same integrity of isolation from the biosphere as that isolating the
original ore bodies. If technologies exist to meet these requirements,
then the public and professional critics cannot logically demand
greater “"safety."”

CONCLUSION

In view of the above refliections, [ suggest that the following princi-
ple might serve as guidance in the formulation of social policies for
radfation health protection:

Any involuntary risks Imposed by social policies for radiation
protection must be congruent with, must not be in excess of, and may
be reasonably less than, those involuntary risks imposed by the wide
variations in naturally occurring toxic elements and harmful effects
from our natural environment.
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ETHICAL NQORMS IN THE USE OF RADIATION AND NUCLEAR POWER
Per Oftedal

Institute of General Genetics, University of Oslo
Blincdern, Oslo 3, Norway

There is a wvery extensive literature and philosophy
treating the ethics, meorals and the principles underlying
our behaviour as individuals and as members of an crga-
nized world. But when 1t comes to the point of applying
ethical norms to practical (real or hypothetical}
situations involwving decisions by more than one or a few
individuals, the principles become less clear and the
guidelines less specific. Patterns of behaviour which
appear simple and straightforward when applied tc indi-
viduals' behaviour and life, become fuzzy and difficult
to handle when upscaled to encompass many individuals
and many lifespans.

Etnically satisfactory behaviour in work with
radiaticn should be governed by the same basic meoral re-
guirements as are our other functions in society. These
requirements may be condensed into three concepts:
honesty, consistency, and genercsity.

The first two are easier to define and explain
acceptably to mest pecple, though both of them carry their
own intrinsic difficulties. Honesty 1s tellirg the whole
truth and nothing but the truth, and admitting and stating
ignorarce when information is lacking. The ethical problem
comes perhaps mainly in how far honesty should be pursued
in terms of information: Should the cancer patient always
be told of his prospects? Should the public be informed
to the last confusing and disturbing detail?

Consistency means applying the same scales and
standards to all comparable situations. This principle
is easy to follow, if the scales and standards are
accepted generally and across the board. Difficulties
arise if differing scales and new standards are brought
to bear on the same subjects.

The resclution of the latter type of conflict ray
lead us inte the last category, that of generosity. This
is the soft element of the structure., Certainly it is the
most difficult one to define and delimit, and - simply
due to its softness, and ad hec non-rational character -
also the least acceptable, in relations already so complex
that the ground rules must be kept as simple as possible.
But this softness is the factor which elevates ethics to
a set of rules above the coock-boock recipies for human
behavicur. Also, it introduces an aspect of flexibility
which enables the set of rules to cover new and unforsee-
able consequences of a given situation or action,
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As examples for discussion are chosen three cor four
situations where ethics are to some extent involved in
the way guestions or problems are approached ang might
be solved. These are
a) the way we specialists present our information and ocur
arguments to the non-specialists and the public in
general, and

b) the way we handle possible radiation damage and fears
of damage in individual cases today, and

¢} the way we evaluate the effects inflicted, today or
later, on future generations.

These are areas with real problems and difficulties,
which may be resolved according to various meodels, and
where ethical attitudes may be importart for the choice
of soluticon. Many of us have worked thrcugh thesc
guesticons not only once but several times, and yet the
same and definite answer Goes not come up every time.

First, the presentation ol cur - the specialists’ -
views and arguments to our emplwers - the public. Let
us start with a look at two cost-benefit analysis

presentations.

m——— == — [OslS per-marrem avcided
——— . {osis due to casuatiies ard camages

Hesuilanl cu-ve

U. 5. dallars

manrem

Level of abaui 200-10°"
casuailles per rmmanrem

Lt evel of atout $ 2C0 per manrem

Fig. 1

Fig.l is a curve I showed some years ago indicating
cancer risk and cost per man-rem avoided, according to
the numbers which were accepted at that time. The paint I
wanted to make is very clear from the way I chose my di-
mensions. My speaking point was that the trough of the
resultant curve is flat, and that there is a fairly wide
dose range where the curve gives little advice on where
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to settle. My conclusion was then that experts with res-
pasibility for protection would tend to advice a lower,
more restrictive limit, whereas experts - equally expert -
with responsibility tied to production will tend to settle
at the higher limit of the flat area, leaving a range
where a politically determined choice will have to be
made,

£

Diifereniial cast- benent analt s,
F o= acvenunic retleuiing the 2posure. posshiv in mun-roms.
¥ o= rolal cos o aekwhing 4 st of £
L = ol vost of deiNReAl dasadialdy w:ih a sabue JF £

Fig., 2

In some contrast then, the cofficial ICRP version in
Fig.2 which represents an idealized description of the
elements entering intc a cost-benefit analysis, resulting
in a very well defined minimum. I have even heard this
minimum described as the point where the tangents of the
two curves have equal and opposite values.

There is nothing unethical about either of these
presentaticns. In the first case, the form of the curve
was chosen to demonstrate the complexity of the situa-
tion and to emphasize the responsibilities of the non-
specialist authorities. In the second case, the presen-
tation is constructed to demonstrate the elements and
principles involwved,

The question of ethics comes in when models of this
kind are used witkcut comments, and presented as 1f they
were the full and absolute truth, with no doubts,
uncertainties or alternatives.
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Table 3. Estimatec number of cases af serous genetic Ziscase per (0% man rem delveree at inw doses and
uose-rates see Ofiedai and Searle, 1979)

T of cfbect nas. a1 Equibknum tar amd lod Gemeratron

Llaalanced ‘ranslocaticns: /] 2. A =10

[

Risk at bith
Trisormes = X0 iD LA I 4
Simpie Jdoeminants + sex-lnked LG 0 - 18— 16
Domunants of incompicte 187 e 4 = D
PCOETARCE £lC,
Multifactorial disease nct s ¥}
maintained hy mutation
Recessives . —
Toetal kit 59 - 3f = 25
Fig. 3

Now, let us look at a geretic risk estimate developed
for an ICRP Task Group. On the basis of discussion of
the limited and unsatisfactory scientific facts before
us, and on our cvaluation cof them, we arrived at a risk
estimate formulated as shown in Fig.3. The significant
features of this table are
1} that it was made for radiation protection purposes,

which means that it was evolved under the instruction
that an updated genetic risk estimate was needed, in
connection with the then forthcoming ICRP Publ. 26.

If the geneticists did not produce specific numbers,
someone else - presumably less gqualified - would have
to do so. The cthics of this situation then comes in
as a conflict between the moral standards of the
scientist - which tells you not to overinterpret your
data - and the demand for us to shoulder the responsi-
bilities as functioning members of public heaith/
technocracy sectors of the internaticnal society. In
the actual situaticn, the obligation to act as advisors
was deemed meore important.

2) On the other hand, it becare a necessity to mzke it
guite clear that the riskx estimate contains an element
of non-scientific though honest and well informed
guesswork. This comes out in the estimate of the risk
for complexly inherited genetice ill health - domirnants
of incomplete penetrance etc, for which the hasis for
estimation is rather unsatisfactory - to be chosen as
the sum of the chromesemal, simple deminant and sex-—
linked mutations - for which the basis for estimaticn
is rather hetter.

The end figure comes ocut as a single number - which
is what the commission needed - but there is cbvicusly no
claim to a mathematical exactness, nor any cxpression of
the error attached to the figure. The number is quite
close to the range of the BEIR and the UNSCEAR 1977
estimates.
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The advantages are two-fold, as I see it:; The most
insecure pumber - the 160 due to incompletely penetrant
decminant mutations etc - is linked to the more secure num-
bers, and any broad revision may be taken care of in the
same way for all categories. Secondly, the number of
calculating steps is reduced to a minimum.

The ethics ¢f the exercise then really bocils down to
the very basic dogmas that we all learned in our homes,
schools and undergraduate labs: Be honest, and don't take
for your own things for which you have not worked. In that
sense, this example is one of those that seems to be
relatively simple to cope with.

The second situation pertains to a more or less lega-
listic problem, namely that of compensation for damage
due to radiation, in particular cancer after relatively
low doses. The problem arises because with stochastic
events of this kind, cause may be unknown - and the case
is usually termed "“spontaneous", or it may be due to
radiation exposure, but there is no way of distinguishing
these two categories.

It is possible = by the use of Baye's theorem on con-
ditional probability - to calculate what the relative
probabilities are. The spontanecus freguencies of various
cancers are gquite well known in many countries, and the
induction rates are fairly well established for many
types. If the dose then is known, the conditional probabi-
lity for one or the other being the cause may ke calcu-
lated. However, at this point, we are in danger of moving
into a numbers' game, which is bound to be unjust in some
cases, and the outcome therefore not satisfactory.
Regardless of whether one establishes probability criteria
of 9:1, or 3:1 or 1:1 or l1l:9, there is bound to be un-
certainty and injustice, and also a sometlmes disgrace-
ful argument and dispute concerning the actual numbers
used in the calculations.

An important aspect from an ethical polnt of view
would he to shift the areas of dispute or of conflict of
evaluation, into a frame of reference which is already
well known and understood by all those involved., In other
words, that the sense of security, or of assurance of
justice, should depend not on technical subtleties {e g in
dosimetry} or statistical refinements (e ¢ in local cancer
reglstration), but on straightforward and familiar catego-
ries like job description, and subjective risk evaluation.

Finally, the most difficult ethical gquestions of all,
those of our attitudes to actions today which may mean
trouble or ill health in lands far away and in future
generations.

There is no doubt that the use of radiation ané
nuclear power puts a load on future generations. Partly
s¢ by introducing into present generations genetic damage
which 1s not expressed in the immediately following
generation but may crop up later, and partly by delayed
exposure of future generations through the release of
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long lived radicactivity frem reactors, reprocessing
piants, and waste repositories.

In beth these areas - the induction and manifestaticn
of recessive mutaticns in humans, and the future radiaticn
loads from repcsitories - we are fully ignorant - within

limits - whichk mcans that we ocught to use as our design
criteria the mest pessimistic assumptions, as advocated
in principle by modern risx philosophy under such
circumstances, This is in ceontrast te circumstances cof
uncertainty (and not ignorance) where a weighted risx
may be accepted.

The ethical issue then falls into twe parts:

Firstly, is it ethically permissible at all under any
circumstance to charge future generations with the lcad
of manifestations of damaged gonetic material, in unteold
generations and therefore unaveidably in large absclute
nurkers, in order to attain advantaces - e g energy -—
for gurselves and cur immediate descendants.,

And secondly, is it ethically permissibie tc charge
distantly later generations with the cobligation to main-
tain a scecilial organization capable of an aporopriate
corntrol function for the physical ceontainrent of radiation
SouUrces.

Parallel situaticons may be presented, showing that
the problems are not unigue for radiation. In general,
we fall back on the same basic elements as was discussed
above:

Honesty demands that we explain tne situation fully
to everyone interested. And if everyone interestec are
not akle tc grasp and understard the problems, this is
our - the experts' - responsikility.

Consistency demands that the risks we ask cur distant
descendants to accept is not greater than those we would
accept - in the ahsence of any corresponding benefits.
This makes a cost-benefit evaluation very difficult,
and the use 0f our prescnt day ICRP standards for sectting
norms for the distant future may appear doubtful, and
certainly needs a separate discussion and justification,

Generosity micht be taken to mean that we should
show reticence in utilizing cur resources, even within
our self-imposed limits, so as to leave cur distant
descendants a maximum of options to handle situaticns
and problems which may be totally unknownr todey and
completely unforeseen by us.
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THE IRRADIATION OF EUMAN VQLUNTEER SUBJECTS IX RESEARCH
K. Rosgen

ladiation and General Safety Unit, University aof New BSouth Wales,
Sydney, New South Wales, Australia, 2033.

The uses of radiation in diagnostic radiclogy and nuclear
medicine are justified by the benefits that are expected to accrue to
the persons being examined. But in medical research it is sometimes
neceseary to obtain data from normal healrhy individuals. These
subjects do not themselves gain any physical benefit from such
research.

CONSTRAINTS
Because of the possible detrimental effects of radiation,
besides its ALARA concept, the ICRF recommends that in the case of
pure medical research:
{a} the irradiation of persons should be undertaken only by
properly qualified and trained persons,
{9) the irradiatiocn should have the consent of the institution,
{e) such consent should be based on advice of an appropriate expert
committee and be subject to local and national regulations,
{d} the volunteer subjects should fully exercise their free will,
{e} the estimated irradiation risks should be explained to subjects
(£) the magnitude of the detriment teo the volunteers should be

authorised for each research program.
The ICRP states that the higher the dose the more rigorous should be
the selection of true volunteers and their capability of understanding
the risk. TIn the case of children and other persons incapable of
giving thelr true consent, experimental irradiation should be under-
taken only if the expected dose-equivalent is of the order of one-
tenth of the limit applicable to members of the general public(l).
In Australia the NEMRC nas recommended the following principles(z):

(gl annual doses should not exceed those for members of the publice,
{h} the actual doses delivered should be the lowest practical,

(i3 adequate precavtions should be fraken against overdosage,

(i) only true velunteers should participate,

(k) an expert ceommittee of the institution should evaluate a

comprehensive safety assessment for each proposed irradiation.

In 1877 the World Health Organisation made recommendations for
the control of experimental radiation. The WRO Report(3). which
appeared subsequent to the investigaticns discussed below, provides
guidelines rarher than prescriprions for making decisions in specific
cases. It suggests four categories into which projects can be
classified depending upon the amount of total body or weighted single-
organ radiation dose ta be received by a subject. Category | contains
projects which produce an annual total body deose of less than 50 mrem;
i.e.{g%thin variations of natural background and hence of negligible
risk .
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Two examples of the irradiation of human volunteer subjects in
research are described below,

EXAMPLE ]

As part of a study of artificial hip joints, information is
needed as to the extent of shortening of the femur, in vivoe, when the
normal load of the body weight is applied. This information can be
deduced by superimposing two diagnostic radicgraphs of the femur, the
first radiograph obtained when a subject bears his weight on one leg
only, and the second when the subject bears no weight on that leg
{(i.e. ir is suspended). The proposed x-ray plant settings are:

68 kv, 100 mA, 0,12 sec, 1.83 m F¥D, 2 mm Al filtration,

For dosimetry purposes, ideally, measurements of absorbed doses
could be made in a phantom, but an estimate can be made as follows (43,
From the literature typical measurements of exposure made at a
distance of 1,68 m {curresponding to the anterior surface of the leg)
under similar plant conditions to the above, yield an average
exposure value of 5.2 uC/kg (20 wR) per film. Neglecting
attenuation within the leg, the absorbed doses at 70 kV in bene
{97 Gy.kg}C=2.5 rad/®} and in soft tissue (bone marrow and gonads;

35 Gy.kg/C=0.9 rad/R}, yield dose equivalents of 500 u5v {50 mrem) in
bone and 180 uSv (18 mrem) in bone marrow and gonad tissue. These
values are considerably less than the respective annual maximum
permissible doses 3} of 3,000 mrem and 500 mrem for volunteers by
factors of 60 and 27 respectively. As the smaller number 1Is the more
restrictive, up to 27 films could be obtained from a single volunteer.
The dose is minimised by requiring only two films per volunteer,
totalling 7% of the annual maximum permissible dose-eguivalent. In
current ICRP terms(l). the Effective Dose Eguivalent (EHTHT) for
gonads + red bone marrow + bone surface is 30 mrem, placing this
project in WHD category 1.

An expert committee was established to evaluate the safety of
the proposed project. After consideration the committee gave its
approval to the project, subject to the following conditions.

1. Only the least number of volunteers needed should participate.

2. 411 volunteers must be at least 21 years of age (now 18 years).

3. The investipation be restricted to male subjects and a gonad
shield be used for all x-ray exposures.

4, Each volunteer must sign a Torm of Consent after having read

the NHMRC Statement on Human Experimentation( and a
description of the proposed project. Subjects must have the
opportunity of asking any guestions and of reading the project
safety assessment,

EXAMPLE 2

To improve dialysis treatment of renal failure, basic
information is needed as te the rates of movement of various bloed
solutes between different compartments in the body(7}. The
measurements can be performed by injecting into patients undergoing
regular dialysis treatment, a known quantity of radicactively
labelled solute, and subsequently analysing the activity contained in
sequential blood samples.
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. . . . o , 14
Each subject will receive two intravenmous injections of c-

labelled urea and two of l%C-labelled creatinine, Each injection will
contain 2.4 MBg (65 pCi) activity of l4c_1abelled solute dissolved in
15 ml of sterilised saline. A4t least two weeks will elapse between
consecutive injections. Both solutes are expected to be distributed
in a total velume of about 30 litres. The amount of labelled urea or
creatinine remaining after two weeks would be about 3.7 kBg (0.1 pCi}.
The project envisages the participation of four stabilised chronic
haemodialysis paticuts of either sex, aged becrween 20 and 40 years

and having a life expectancy ranging from 5 to 10 years.

Adopting an average beta energy value of 0.052 Mev, and
assuming that the absorber is infinitely large with respect to the
range of radiation, then the initial absorbed dose-rate from a single
injection is given by:

2.4 x 10% 7" x 0.052 Mev x 1.6 x 107
1 30 kg _
= 0.67 nGy.s (0.24 mrad.h )

Hence with unit quality factor, the initial dose-equivalent rate, D
is 0.24 mrem.h~! (0.67 nSv.s"1). The decrease in activity due to
radicactive decay in a year is negligible. Thus using the above
biological elimination data the effective decay constant 4 is given
by: 3.7 KBq _ 0 at) = exp(~3x2 x168 h)

2.4 MBq 1

Hence & = 0.0193 h

1

s 3 J.(Mev)~1

o

The annual dose-equivalent, D, is obtained by substitutipg these
values into the eguation for cumulative dose.

-1
_DO[_ _ ]__ 0.24 mrem h _ _ -
D= T l-exp (-AT}f = 0.0193 -3 l1-exp(-0.0193 h

=12.4 mrem (124 uSv)

le?BG h)]

The total annual dese-equivalent from four such doses is 50 mrem.
This value is only 10% of the vwhole-body annual maximum permissible
dose-equivalent.

As in Example 1 an expert committee gave its approval subject
te previous conditions 1,2,4 and the following:
5. Each subject should be exposed te the minimum number of tests.
6. Supervision is necessary to prevent overdosage.

The Commlttee alsoc considered rhe dependence of dose oun the
rate of elimination of the active solute; responsibilities resulting
From multi-institutional participation; the free expression of
consent and the lodging of signed consent forms.

Subsequently the Committee approved an extension to the project
to dinclude 2.4 MBq (65 uCi) of l4¢_suerose and 5.5 MBq (150 uCi) of

H-vitamin Rl2. Using the above method, and allowing for double
Injection and different volumes of body fluid it was found that the
licoguerose would deliver an annual dose~aquivalent of 50 mrem
(500 1:8v). The J@-vitamin B12 bas a different energy and different
effective decay constant which will produce an annual dose-equivalent
of 37 mrem (370 uSv)(A). This project, which was in WHO Category 1,
has since been completed(7). In current ICRF terms(l), the annual
dose-equivalent of 12.4 mrem is 10% of the dose-equivalent limic.
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Because of rapid excretion, the committed dose-cyguivalent is also
12.4 mrem.

GENERALISED USE OF HUGMAN SLRIRCTS

In experimental procedures that involve the use of human
volunteer subjects, there is a necd to protect the rights and welfare
of the subjects, and to safeguard the interests of the institution
and the investigater. Generally, it is nut casy to satisiy the
guparate {deal eriteria of the thrae interested parties. Minfmum
requirements are listed in two authoritative documenta{6,8),

At the University of New South Wales a set of rules governing
experimental procedures of any type invelving human subhjects has heen
adoptedt97. The rules have been subject to lengthy consideration
within the University. They provide for a committee to advise the
Vice-Chancellur un all applications to undertake human subject
research, and they make provision fur certain exclusions,

Some difficulties which have been encountered include the
wording of the comsent torm which, if to fully satisfy lawyers, would
deter most potential subjects. To obtain "informed" consent, an
investigator must give a full and frank disclosure of the pruposcd
procedures and of all the risks entailed; this sometinmes can defeat
the purposce of the research., Insurance palicies are usually eifccted
to cover liabllity for possible claims resulting from negligence. Tn
huran subicct research the ¢laims could result from intentional acts.
With greater community awareness of the need {or soclal responsibility
in science, the Committee will have challenging situations to consider.
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LONG-RANGE TRANSPORT OF RADIOISOTOPES IN THE ATMOSPHERE
AND THE CALCULATION OF COLLECTIVE DOSE

H.M. ApSimon, A.J.H. Goddard and J. Wrigley

Environmental Safety Group, Department of Mechanical
Engineering, Imperial College of Science and Technology,
Londeon, SW7 2BX, England.

In calculating collective dose and in considering,
under Article 37 of the Euratom treaty, possible trans-
frontier effects of unplanned releases, it may be neces-
sary to model the dispersion of atmospheric releases of
radionuclides over considerable distances - cut to 1000 km
or more from the source. Unfortunately it is difficult to
extrapolate simple modelling techniques used close to the
source and based on source metecorology because, in general,
material will not move steadily on along straight line
trajectories and spreading and dilution, and depletion by
dry and wet deposition will vary along each trajectory in
accordance with changing meteorclogical conditicons. Under
a EURATOM/CEA contract and with added support from the
European Commission we have developed a model which takes
account of these varying effects; this model, called
MES05, uses a data~base of real metecrclogical data over
Eurcpe and, although not sufficiently sophisticated to use
in a predictive mode if and when an accident should cccur,
gives adeguate derivation of probabillity distributlons of
different degrees of contamination for hypothetical
accldent studies. By summing the effects of consecutive
short releases, maps of exposure from continuous routine
releases are also deduced and combined with population
density and food production matrices to yield collective
dose.

THE MES0S MODEL AND DATABASE

The MESOS database (1) currently covers most of the
year 1973 for the area of Europope shown in Figure 3; it
supplies pressure fields and other meteorological data
including cloud cover, precipitation intensity deduced
from "present weather" codes, and temperature, at 3 hour-
ly intervals from observations at synoptlec stations and
ships. A new database for 1976 covering a larger map
area, including the Mediterranean region, 1s in prepara-
tion.

In the model, puffs released at 3 hourly intervals
are tracked through the evolving pressure fields using
guasi-geostrophic technigques. Along each trajectory a
puff is treated as a vertical column expanding laterally,
and evolving vertically according to the state of the
boundary layer as deduced from local meteorological data
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and the underlying surface c¢f land or sea. Devletion by
decay, dry deposition and wet devosition when it rains,
are zlso included.

A4 continucus release cover a 3 hour periocd between
successive tracked puffs is treated as a series cf puffls
following intermediate trajectories and dispersion. Thus
the area between calculated trajectories is exposed, re-
presenting the lateral spreading in the synoptic =scale
wind field. Integrated atmespheric concentrations are
calculated for ¥Xrah, Xel33, Xel35, Csl37 and I131, and
dry and wet deposition for the last 2 nuclides. Exposure
for longer term releases 1s calculated by summing the
effects of conzecutive 3 hour releases. More detailed
descriptions are given in references {2) and (3).

SIMULATION OF WINDSCALE INCIDENT OX 10th OCTOBER 1957

The Windscale incident {3} provides cne of the few
instances in which monitoring {(of I131 over bBurope) allows
comparison between measurements and predicticons frem the
MES505 model (see Figure 1l). Assuming a pattern of release
from a 120 metre stack of about 30,000 Ci of I131 in total,
with peaks late on October 10 before passage of a weak
front, and after 9 hours on October 11 when water wis
poured on the pile, the medel predicts that most of the
first part of the release crossed over tao the Fast of

4

<

kigure 1. NEasuaed time integrated air concentrations of
1131 {p Ci, d.m ~), resulting fram the 1957 Windscale re-
lease, camared with predicted contours.
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England above an inversion, penetrating to ground level with
furmigation the next morning, whereas the second part gave
rise to a plume down the W.Cumberland ccast. Subseguent
travel was influenced by an anticyclone moving East over
N.France, ané¢ the release was eventually swept off East in
moderate winds. The model predicticons are sensitive to
exact trajectories; for example a small increase inbacking
anglile from the geostrophic direction would have implied re-
duced levels over X¥.,Wales and higher values over S.England.
Nevertheless the trajectories, predicted concentrations,
and times of arrival of activity are in reasonable agree-
mernt with obserwvation.

APPLICATIONS COF THE MESOS MCDEL

The MESOS model is currently being applied to a few
widely distributed hypothetical sites in European Com-
munity countries. Illustrative results are given here for
MCL which is conveniently central in the study area.
Figure 2 shows freguency distributions of different de-
grees of contamination by dry deposition from 24 hour

8¢ 100 km 300 km 300 km 700-800 km ]
40
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15

Q
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0
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Figure 2. Frequency distributions of dry deposition for

hypothetical releases of 1 Ci of 1131 over 24 hours from
MOL. Dry deposition {(horizontal axis) 1s divided into
half decade intervals in Ci m™<.
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releases of I131 at 4 distances East and West from MOL.
For this nuclide 0.3 c¢m s~! was assumed for the basic dr
deposition velocity, and a washout coefficient A=1.6.10"
JC0.8 where J is the rainfall rate in mm/h.

Figure 3 shows contours of estimated annual wet depo-
sition per Ci of I131 released. The distributlon of dry
depocsition is similar to that of atmospheric concenkrations,
but wet deposition 1s greater to the N. and E. and lower
to the 5. where dry anticycleonic trajectories contribute
more. Rainfall patterns are important; for example, oro-
graphic rain over HNorway.

Figure 3. Contours of
logyy (annual wet deposition
in "ci m~2) per Ci of I 131
released from MOL as a
notional release site.

CONCLUSION

MES(0S provides a more
realistic model of atmos-
pheric dispersal over long
distances, and application
to the 1957 Windscale
incident produces encourag-—
ing comparison with measure-
ments. For short-term re-
leases MES0S is yielding
useful statistics for hypo-
thetical accident studies
e.g. across a frontier.

Data on population and focod
production sunplied will enable us tc estimate collective
dose and its geographical distribution for routlne con-
tinuous releases.
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ATWOIPHERIL TDISPLESICK TALCULATICK WITH
OF y~RADTATICON LEVELI FTRO¥ AR-5451 RELEASZSE
5. Chakratorty E. Xagel 4. Zurxinaden
VU"lEJF Salfety Federai: Instltute Nuclear Safety
o for Feactor Feseareh Div*sioq
5207 Wihrenlingen 5304 wWirenlingen 53534 Wirerlingen
SZwitzerland Switzerland cwltze?;anc
The vurpoge of the work was to check the accuracy
o a simpie gaas =zisn eatmospheric diffusion model Tor a
Complex terraln gcondition. In the frame of the existing
surveillance system, the anrual pamma doses due o Ar-idl
emission 7rcm a research reactor have been measured in the
ervironmert. The radiaticn level measursments were done
mainiy witnh sensitive G- detectors.
The detectors were placed in the prevalling wind

directicrs up sc distarze ol 4 km wnere villages {points
W, T, ¥, R in Fig. 1) are locesed.

m

T, W
Te suprlemsnt these measurements, TLD (Ta F_ (Iy))
crs were used 2t two Locabticns arnd for & sfort peri-~
Ligh pressure lonisaticn cnhnamoer {R33-111) was
d. Thne meteorclcgical data {wing velocity, cirec-
rnd atmespheric stabllity class) were recorded con-
1y during the whcle year from December 1575 fc

mber t976. These data are showrn in Table 1. The pre-
inp winds are from N-XE direction wiih mostly inver-
onditiogn, ard from 3-35W + NE directicns with mere

reusral atmospheric stability. The winds from cther direc-
cionsg {E—Sbu) are very infreguent partly sutject vo the
wopopraphic situatien, ard hence are not listed in the
Tabkle. It can also be seer that during that yesr, the
atmospheric stability classes were 45 ¥ reutral (Pasquill
O} ard 3% % stable (Zasguill categories E and T).

A% an

-

The tcotal emissicn of Ar-41 was 2517500 O

averapec effective helght of 1320 m.

The computer code AIREY {1} was used tc calculate the
atrogpheric dizpersicn. *h_s sode is based orn a simple
gecter averaped gaussian diffusion eguaticn Tor long-term
average calcu‘dtions. For the calculation of cleud y-dose
rates thoe finite ecxteny model [Computer Jode EGAD (1))
ssed,

RESULTS
The measuresd annual doses at varicwus lecations are

compared with the calculated values, which are shown in
the cllcwing Table 2.
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Tacle ¢ Comparison of calculated to measured annual dose
in the envircnment of EIR

Poins Dedeo— Down— deasured annu--Calculated Ratin of cal-
of lo- r wind a =e annual dose tlated ta
f1l to [+ 1 do al dcs cul s
cation dis~ | {mrem) {mrem} measured dcse
tarce
ited
l TLD{Ta
Peint V1 F (™l 1 20 63 4
Tcint v[ G.-M. 1.7 3.7 31 &.b
e
Foint B O.-M. 2 5.5 16 5.5
. _ | TLk(Ca
Point 3y o .. 1y . s
:ekay;a 2 2 £ ]

Doint Wi G.-¥ 2.5 0.22 2.1 5.6
Point D} G.-M. L .78 8.2 10,5
. Icnisa-
Point R . L G.32 c.8L 2.6
tion
chamber
RE2-111
Tne resulte show that at fairly flat locations (V_,
B, F) the ratics of calculated tc measured doses vary De-
tween 1.8 to 3.4, However, 1t should be pointed out thnat
there is a difference between the meagured values at the
locaticor B where the dose was measured with twe kinds of
detectors (G.X¥. and TLIZ). At peoirt R the measurments were
mazde with a nigh pressure lorisation chamber over a period
5e only ancut £ weeks,

Due to ifne teopographic effects, at loccations WV, W
T, located In front of hills with elevations of 100 to
m, the resuits from the model show an overestimation
he experimental vasuloe, H

Oory
o O
(el e

-

S, However Lhis was expected by
the zuthors bhecause advechlive winds are not channelled in

the valley due to the modest elevation of the ridges. The

air rasses wiil be lilted cver the rideos, a which
has not been sufficiconuly Inveatligated. & devia £
wind dirveesicr due Lo Black Yorest [north of crand
Jura Ranpge {(W-£) from atralight line flow can be

exciuded.
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REALISTIC ENVIRONMENTAL EXFOSURE CALCULATION FOR A
.MULTI-SOURCE FACILITY

H.G. Ehrlich, K. Heinemann, K.J. Vogt

Central Division for Radiation Protection,
Kernforschungsanlage Juelich CmbH, Juelich, F.R.G.

The annual radiation exposure caused by a nuclear
facility usually is calculated from the measured release
volumes of the indiwvidual nuclides and the so-called
long-time diffusion factor, which results from the
metecrological statistics of the site. This procedure is
performed to make two assumptions: firstly, the release
rates of the radicgactive substances are guasi-continuous,
anéd secondly, the superposed short-time diffusion factors
of the changing weather conditions during the time of
interest are comparable with the long-time diffusion
factor, Because of their c¢perational conditicn, these
assumptions cannot be fullfilled by all nuclear install-
ations,

Therefore we have designed a model and a computer
code to calculate the radiation exposure under changing
weather conditions and instantaneous release rates. This
model is a multi-source model, i.e. the exposure due ko
the single installations will be superposed to the real
location within the nuclear facility.

MODEL AND METHODS

The short—-time diffusion factors are calculated by
the hourly measured release volumes, the wind direction,
the diffusion category and the mean wind velocity in
emission height. The calculation method used herein is the
Gaussian plume model, the parameters of which were
measured by us for two emission heights (1). These short-
-time diffusion factors are superposed due to the real
location of the sources to receive the environmental
cencentration distribution of each nuclide. Within this
method gquasi-continuous release rates can be described
as well as instantaneous release volumes.

In order to calculate the radiation exposure of the
total body and the other organs the following exposure
pathways are considered: gamma-submersion, beta-submersion,
soil radiation, inhalation and ingestion. In the case of
the first four pathways the usual calculation methods are
taken into account. The ingestion model is modified
because of the instantaneous character of the diffusion
calculation. The uptake from soil is derived from releases
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threoughout the whole year. In this term long-lived
nuclides released in former years are also regarded., in
our model the direct foliar depositicn is derived only
from really released volumes during the vegetaticn periog.
Based on a statistic time-dependance of the individual
releases during the growing seasor of the different
relevant foods, this term of our model includes the usual
ingestion model in the case of uriform release rates (2.

EXAMPLE

As an example we present the anpual radiation
exposure of the Juelich Nuclear Research Centre in the
year 1978. The Research Centre comprises several indivi-
dual sources of emission. Depending on their operational
condition, these individual installations release radio-
active substances in one part in a gquasi-continecus
manner, and in ancother part as single emissions. The
compecsition of the airborne radicactive substances differs
very much. The main sources are listed in table 1.

Table 1. The airborne radiocactive releases of the main
installations of the Juelich Nuclear Research Centre
in the year 1978

installation nuclides rel?aé?/én)1978
reactor FRJ-1 AR 41 140t
T 131 1.1 10020 205 1073
HG 203 1.8 107°
reactor FRI~2 AR 41 130:
H 3 199
I 131 1.6 1075t 5.6 10787
reactor AVR H 3 399+
hot cells KR 85 2.67 .,
J 131 3.5 10
fuel cells lab. KR 85 .67 o,
J 131 1.7 10
chemic lab. J131 4,2 1073 3.9 g7t

+ release volumes during the whole year
++ release volumes only during the vegetation period
from 1.4.1978 t£il 31.10.1978
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During that year the release rates of the reactors FRJ-1
and FRJ~2 were in the main guasi-continueocusly, whereas
the hot cells, the fuel cells lab., arnd the chemic lab. had
irreqular emission volumes. The main part of the tritium
emission of the reactor AVR tock place during an incident.

Figure 1 Figure 2
Annrual dose of the total Annual dose of the total
body from gamma-submersion body as the sum of all

relevant exposure pathways

Figure 1 shows the annual total body dose from
gamma-submersion only, whereas figure 2 describes the
annual total body dose as a sum of all relevant exposure
pathways. The plotted isodoses of this last figure
reflects the tritium incident of the reactor AVR and the
predominant two weather conditions at that time. The
curves are marked with the corresponding dose values in
mrem per year. The asterisk describes the Nuclear Research
Centre. The area of the map is 26 km by 26 km.

Figure 3

Relief-plot of the
thyroid ingestion dose
of the infant by J 131

Figure 3 shows the thyroid ingestion dose of infants
by J131 only. The shape of the short-time diffusion
factors are =een due to some few single emissions.
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Figure 4 Figure 5

Inhalation dose of the Ingestion dose of the
thyroid of the infant thyroid of the infant
by J 131 by J 131

The figures 4 and 5 show the thyroid inhalation
dose and the thyroid ingestion dose of infants by J 131.
The inhalation dose in figure 4 includes also the main
release volumes of J 131 during the winter period ( see
table 1 ). Because of the short life time of J 131 these
release volumes had not to be taken into account for the
ingestion dose calculation seen in figure 5. These two
figures demonstrate very clearly the use of cur model and
that it is impossible to calculate the doses with the
long-time diffusion factor.
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THE IMPORTANCE CF FLUME RISE IN RISK CALCULATIONS
L & Fryer and G D Kaiser

CRC, wigshaw Lane, Culcheth, warring:ion, UK

In certain circumstances, gaseous offluent emitted frem a nuclear
reactor may be sufficiertly hot tec allow the pessibility of consider—
abie plume rise. The Rasmussen ropor:{1), for example, showe that, in
the categery of accident known as PWR1, the rate of release of hea:
can be 100 MW ¢or sc. In the ceontexi of ihe commercial fast reactor,
i1t is pilausible that large 'netiecrai’ releases such as those discussed
in ref. (2], with up o *0% of the core vaporizing and cscaping to the
atmcsphere, wculd be accompanied by the burning ¢of several tornes of
sodium ard the liberation of several hundred gigajcuies of hea: of
combustion., Thus the consequenzes of such large reileases cannc:
adequately be predicted in the absence c¢f a cervincing plume risc
rodex.

AESUME OF EXISTING MODEL

Refs. (3} ard (4} contain a description cof a systematic scheme
for the calcuiation of piume rise, the eiemerts of which are as
follows: The basic equatiers are taken from the work of Gifford{d}
and are modified tc take accour: of the preserce of the furoulent
atrospheric bourdary layer as described by Briggs'®). Gifford's work
gives predictions of the height of rise and radius of a continuous
piume as a Turctior of travel time or distarce dowrwind, sc long as
the Turbulence gemerated withir the plume is so vigorous that the
atmosphere outside may be regarded as being ron-turbuient, Durirg
this stage, grourd level corcentraticns under the rising plume are
very smaill., Briggs discusses criteria for determiring wher piume rise
effectively ceases so that the dispersion of the piume is goverred
thereafier by the action of atmospheric turbulerce alore. These
criteria include (a) the equatirg of turbuierce erergy dissipation
rates within ard outside the plume to determine wher the turbulence
wilthin the plume ceases to be more 'vigorous' than that in the
atmcsphere;  {p) the comparison of the expected rate of plume rise
with typical updraugh: and downdraught velocities, in conditions in
which the atmospheric turbulence is highly convective; {c} rise into
a stable boundary layer untii the temperature cf the plume rc longer
exceeds that of the atmosphere, ard {d} contact with an overhead
inversion lid,

LIFT-CFF

A plume emizted from a reactor during an accident may first be
mixed throughout the turbulent building wake. The questior, 'does
such a plume 1ift clearly off the grourd, or 1s itsbuoyarcy partially
ar totaily destrcoyed?" has not yet Deer answered urambiguously.
Brigg5(7) has given a speculative prescripticn for determining whether
or ret such a plume wil: rise. Firstly, if the density difference
betweer a plume and its surrourdings is 4p and its depth is h, then
a typica: bucyancy irduced veloCity is Vp «Jghoh where g i the
acceleration due to graviity. Seccndly, the friction velocity uy is
characteristic of the rate of spread c¢f a passive piume. If ux>> Vp,
it is expected that atmospheric turbulence will be domimant, whereas
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it vp is much the larger, ther oucyancy effects sheuld be more
impcrtant., Consideraticns such as these led Briggs to propese a nor-—
dimensional parameter ip = (ghap}/;%p*2, wherepg is the dersizy of the
air. The critical wvalue of L_ abcve which the plume is expected to
lift off clearly, is about 2.% and Briggs estimates that there is at
least a facter of 4 urcerzainty in this value.

Figure % shows that rate of heat release, T M¥, reguired o
ensure that lift-off takes piace when the windspeed al a height of
10 metres Is u s . Making the pessimistic assumption that the
critvical value of Ly is 10 ard assuming typica: values of 100m for w
and C.1m for z5, ther curve 3 shows that cver for a rate of heat
release of 10 Mw, plume rise is not expected if T4 ms~1 - this
observaticn illustrates the important peocint that very large rates of
heat release are needed for current thods to predic:t lift-off. Of
the various accident sequences defined by Rasmussen, for exampie, orly
three (PWR*a, PWRZ and BWR1) liberate heat at a rate in ¢xcess of
10 MW, In general, it s no:t sufficient mereiy o prove that a radio-—
active release is accomparied by substantial razes of heat reiease,
T uniess T 1s very large indeed it cannot be assumed That there wilil
be plume rise urless it has alsc been shown that the effluent does rot
mix throughout the reactor bulldirg wake. Frelimirary indicatizns
frem recent wind tunrel experimer:s are that the critical wvalue cf L
is bigger than expected, perhaps as much as 30; <the effect of this s
shewn on curve 1, The Safety and Reliability Direcicrate is sporsc-
ring wind tunrcl experiments desigred o investigate the importance of
the parameter Lp.

RAIN

A second phenomeron that can act sc as to desiroy or reguce the
berefits of piume ~ise is rain, which car wash radicactive materia:
out of the plume, depcsit it on the ground and cause subsequent
relatively high rates of irradiatien by y-rays.

The structure of a typical warm frontal rairstorm is described
in ref. (8] and four ievels of. rainfall are identified. The largest
is cortaired within a synoptic bcundary and typically covers several
tens of thousands of square Kilcometers ard lasts for several hours to
a few days. HNext, there are large mescscale areas (LMZA), roughly cre
toc each 2,000 km? ard occupylng cne third of the storm area. These
perslst for cne o twelve hours ard, if the rainfall rate in the
syroptic area is R, that in the (MZA is ZR. Each LMSA contains five
cr so smail mescscale areas (SMS5A) whick last for about an hour,
occupy about ore nirth of the storm area and have an average rairfall
rate 4R. Finaily, each S¥SA contains cells of area about 10 km<,
occupying about 2% of the storm area with typicai rainfall rate 28R
and a lifetime of a few minuzes.

If a piume travels for a time t during a peried of constant rain-
fall, and if the guantity of radiocactive material airborre at time
t =0 is q, then the quantity remainirg airocrne at time 1 is g e—At,
where A is the washout coef¥icient. If the rainfall rate is R mm
hr—, ref. {8) gives a phencmencliegical relaticrship between R and A,
namely A = CR s~ where C is typicaily 104 s~ br mm~ 1 for a warm
frontal storm.

As anr example, the total inhaled plus external dose to the bene
marrcw received as a resuit of the release cf guartity of Zong-lived

64



13725 is shown on Fig. 2, for a range of assumptions about plume rise
ard rainfall, This is the dose that would be used in the calcuiaticns
of early deaths{1} and is giver by (%(7-day + 3G day inhaled dose) +
external dose accumulated in 7 days, with an assumed shieiding factor
of 0.5}. In all cases, the release takes place into a buiiding wake
100m wide by HOm high and persisting for 5 building heights downwind.
The dry deposition velocity is taken o be ©.003 ¥s™7,

Curves {*,2} and (4,3} show the difference made by plume rise
when there is no rain. Here, contributions from activity depesited
un the ground are reiatively unimporzant. If there is rain, 137Cs is
brocught down tc the grourd and, cver a period of seven days, the
exterral radiation from this deposited materia: makes the largest con—
tribution to the dose and is the same whether piume rise taxes place
or not, see curves (1,4) and {2,4), Curves (1,5) ard {Z,5) show that
'hot spots' of depeosited activity can be caused if the plume rurs into
heavy rair; again, the levels of activity are irdependent of whether
plume rise takes place or not.

in conclusion, if there is no rain, plume rise can give a sub—
startial reduction in the radiaticn doses likely to be received by
pecpie iiving ir some areas downwird of the scurce. If there is rain,
levels of deposited activizy are indeperdent cf the plume rise sa thaz
areas of unacceptabiy ccrtaminated land are not reduced by taking
plume rise irtc account. If rapid evacuation is possible, however,
the accumulated external radiation doses can be much reduced and, as
ir cases {1,2} and (1,3}, scme berefits will be seen from plume rise.
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STATISTICAL STUDIES ON THE LIMITATION OF SHORT-TIME
RELEASES FROM NUCLEAR FACILITIES

K. Heinemann, K.J. Vogt

Central Division for Radiation Protection
¥ernforschungsanlage Jiilich, Federal Republic of Germany

The licenceable annual release volumes from a nucle-
ar facility are calculated, on the assumption of a con-
stant release rate, from the dose limit values, the radio-
ecological transfer and dose factors, the release height,
and the site-specific long-time diffusiocn factors which
are dependent on the exposure pathway. In this paper, a
statistical investigaticon relating to the necessity of
limiting individual releases is being presented. In this
connection, it is being checked whether a limitation of
the hourly release volume will alsc be reguired in addi-
tion to the limitation of the daily release volume to
1/100 of the annual release volume as stipulated in the
directive /1/ of the Federal Republic of Germany.

For the statistical investigation it is being assumed
that the same radicecoclogical and biological parameters
can be used for releases featuring a constant release rate
and for individual releases, so that only the different
diffusion factors are to be taken into account. For calcu-
lating the radiation exposure, the following exposure
pathways must be considered: gamma submersion, beta sub-
mersion, soil radiation, inhalation and ingestion. The ex-
posure due ko bheta submersion and inhalation is propor-
tional to dry deposition on the soil or on vegetation
{fallout). For the determination of soil radiation and in-
gestion doses, the deposition due to precipitations {wash-
out) is also reguired in addition to the fallout. It is
therefore sufficient to compare the long-time diffusion
factors for fallout, washout and gamma submersion with
the corresponding guasi-longtime diffusion factors. As is
illustrated in detail in /2/, the quasi-diffusion factors
are ascertained by superposition of the short-time diffu-
sion factors (hourly wvalues), averaged over the 30° sec-
tor and featuring, in each specific case, release rates
of 1/100 of the annual release volume for 100 statisti-
cally selected hours. This is being carried out using the
meteorologdical statistics of JiUlich for the year 1977.
Each gquasi-longtime diffusion factor is calculated
25 times with different data records of always 100 hours,
so that a statistical statement is possible.

In the case of fallout and gamma submersion, calcu-
lations were carried out for the release heights of 50,
100 and 200 m. For the formulation described in /1/, 1t
may be shown /2/ that the ratio of quasi-longtime to long-
time washout factor does not depend on the release height
and source distance.
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The results summarized in Table 1 show that the
quasi-longtime diffusion factors vary by the respective
long-time diffusicn factors. The arithmetic mean values
coincide l(except for washout) with the long-time diffu-
sion factors. In the case of washout, the gecmetric mean
value of the gquasi-longtime washout factors corresponds
better with the long-time washout factor. This may be ex-
plained by the larger variations naturally resulting from
the fact that, on an average, it rains less than ten
times during the 100 hours which enter into each individ-
ual calculaticon of the gquasi-Jlongtime washout factors. In
the bottom line of the table on cumulative frequency dis-—
tribution, the standard deviation of the guasi-longtime
diffusicon factors from their mean value corresponding to
the associated long-time diffusion factor is shown. It
may be observed that the standard deviations for all ex-
posure pathways and release heights (except for washout)
range between 34 and 45 per cent. This means that the
quasi-longtime diffusion factor only exceeds the double
long-time diffusion factors in less than 1 per cent of
cases (3g-error}. In the case of washout, the standard
deviation is four times as high. This would lead to the
conclusion that, after all, the long-time washout factor
is exceeded by the factor 5 in less than 1 per cent of
cases. For, the high upward deviations result from the
hours involving high precipitation intensities. For a
high precipitation intensity, however, the proportional
formulation of washout coefficient and precipitation in-
tensity is overconservative according /4/ and /5/. A pro-
portiocnality constant fixed for a mean precipitation in-
tensity overestimates the washout coefficient for a high
precipitation intensity approximately by a factor of 5,
50 that the maximum underestimation due to the long-time
diffusion factor should not be rated more pessimistically
for washout in this range than for any of the other expo-
sure pathways.
However, this possible additional exposure due to
short-time releases does not occur in reality because
- not all of the individual releases occur within one
hour

- a considerable portion of total releases is made up by
quasi-c¢ontinuous releases, so that short-time releases
are reduced

- the number of short-time releases never corresponds to
the theoretically possible value of 100

- in the case of several emission sources at one site, as
a rule, the releases via the individual stacks are re-
stricted, so that the individual release corresponds to
less than 1/100 of the total release of the site

- for long-lived nuclides, the accumulation over 50 years
to be performed according to model /1/ will lead to a
compensation of the individual maxima falling on differ-
ent wind directions and source distances.
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In summary, it may therefore be ¢oncluded that a
limitation of short-time releases to 1/100 of the permis-
sible annual release value under the conditions of /1/ is
considered to be sufficient for a realistic assessment.
If a more conservative appreach is preferred, a limita-
tion of individual releases to 1/200 of the annual value
would come into consideration. An application of the
lung-time dittusion factors to individual releases thus
delimited would lead to a minor underestimation of the
environmental impact calculated according to /1/ in less
than 1 per cent of cases.
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Table 1 Cumulative frequency distribution, mean value and standard deviation of the
ratio of guasi-longtime to long-time diffusion facters at the maximum of the
long-time diffusion facter

cumutative freguency (%)
exposurce pathway fallout gamma submersion washout
release hcolghl 50 m 100 m 200 ™ 50 m 100 m 200 m
ratlio smaller
than
0.2 o [ o) Q Q 0 O 12
0.4 8 12 12 o] Q 0 28
Q.6 24 20 16 ¢ 12 28 40
0.8 40 48 44 16 40 44 48
1.0 60 80 ! 80 68 64 56 60
1.2 76 88 g8 72 64 64 60
1.4 92 96 96 80 BO 80 6HE
1.6 To0 100 96 84 84 BB 12
1.8 Yi 36 88 o8 72
2.0 96 96 9 100 76
2.2 i 100 96 100 76
2.4 I 96 6
2.5 100 76
3.0 t 92
4.0 92
5.0 36
6.0 96
7.0 100
mean valuc
arithmetric .90 0.B4 0.84 1.08 1.07 0.93] 1.40
geometric - - - - - - 1.01
gzjgziign 0.34 .36 0.38 .42 0.453 .44 1.58




WASHOUT AND DRY DEPCSITICON OF ATMOCSPHERIC ALROSOLS
J. Porstenddrfer, G, RGbig and A, Ahmed

Zeatrales Isctcpenlabor, Georg-August-University,
D-3400 G&ttingen, F.R.G.

INTRODUCTEON

Essentially all air pollution is eventually cleansed
from the atmesphere by the natural processes generally
referred to as precipitation, scavencing and dry deposi-
tign. The purpose of this report is to present below-
¢leoud rain scavenging rates or washout coefficients and
the deposition velocities to rough sarfaces on the earth
far submicron aercosols.

The washout coefficient A {¢) for a monodisperse
aeroscl with a diameter d is the integrated product of
the filux densities of the rain drops, their c¢ross secti-
cns, and thelir collection effigiencies E (d,dTw):

N
Aw = I o Ny v E td,d_ ) a2 de (1)

& 1} dTr Tr Tr Tr Tr
0

The flux densities ¢f the drops are obtained from the
number distribution for raindrops NTr/Jdmr and their

terminal velocities vo,.. The collecticn efficiencies of
the raindrops were measured in dependence on particle {d)
and droplet size (dmr) t1).

The maior mechanisms of the drv particle transport
irowm an air flow to a rough surface are eddy diffusicn,
sedimentation by gravity, Brownian &iffusion and irertial
forces. The depositijion velocity v, is defined as the
flux to a surface F devided by thd aerosol concentration c:
vy = F/c. The influence of particle size, roughness of
tie surface and wind velocity on the deposition velocity
were studied in a wind c¢hannel ({2}.

EXPERIMENTAL TECHNIQUES

The collection efficiencies of the raindrops were
studied in 4 wind channel using spheres as simulated drops.
The garticles were labelled with radicactive Pb-212 and
sucxed into the wind channel, where the wind velocities
agreed with the terminal fall velocities of the rain
drops simulated by spheres. The wind velocity, the preci-
pitated activity on the sphere arnd the activity concen-
tration in air were measured. With this technigue collec-
tion efficiencies were measured for spheres in the size
range ¢f 0.35 ~ 7 mm and for the monodisperse aeroscol
particles with diameters hetween 0.04 and 4um (standard
deviaticn 3 - 7 %}.
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For the depesiticn studies the meoncdisperse radio-
active par<icles were led into a second wind channel with
a cross secticn of 20 cn x 20 cm, wkere the floor of the
working section (2 m long) was completely covered with Lhe
test surface. The used test surfaces consisted of plants
{barley), filter paper and simulated grass, constructed
by metal cylinders (2 mm diameter) planted in a plasticine
layer. The fracticns of particles filtevred by the rough
ness elements and deposited on the substrate were measured
separately. The heignt (H) and the density (n) of the
roughness element were varicd. From the measured wind
profile the roughness length (z,) and the [ricticn velocity
{us) were calculated. ’

Ast E Tm‘!: Fig. 1 Washout
: tziommn ' coefficients for

o3 ) neutral | ) and
E charged (~--) rain-
. drops as a func-
1 tion c¢f the par-

w0t i ticle diamcter for
p rainfall rates of
] 1 and 10 rm/h

s ;

10°° ;

107 3

1073 1072 0’ 10° 18" d{um)
RESULTS CF THE WASHOUT LEXFER!MENTS

In a nurber of investigatiaons the follecwing parame-
ters werc studied:

1. The influence of drov shape, compared to the shape of
the volume cguivalent sphere on the collection efficiency
was checked and found to be negligible (1).

2. The sticking probability of the aerosol (DES-droplets)
up to 4 um diamecter on spheres {stainless steel) 0.37 -

7 Lm diamecter was measuared to be unity {1).

3. The influecnce of tne elecctric charge of the dronlets
for a normal rainfall and acrou=sols with Boltzmann charcge
eguilibrium on the eollection efficiency (electrostatic
forces) and the washout coefficient, resvectively, 1is
negligible {Fig. 1, solid linc). Only for typical char-
ges of raindrops in the case of thunderstrom {3} there is
a threefold increase of collection efficicercy in relation



to collection without electric forces (Fig. 1, dotted
line).

4. The collection efficiencies as a function of droplet
and particle size were measured and washout coefficients
(Fig. 1} for rainfall rates of T and 10 mm/h were calcu-
lated (equation (1)).

vg':
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w? b ot o’ o dfum
Fig. 2  Deposition velocities v % 3 v /u« of
aerosols as a function of the acfeosol diameter:
-x-——x- Simulated grass n = 1,00 ¢m~™2 H = 7 cm
-0—-p—- Simulated grass n = 0.25 em~2 H = 7 cm
-*-.~-*— Filter paper
/- -¥- Smooth metal surface
A A Bparciy n=1.00cm 2 H=7cnm

RESULTS OF THE DRY DEPOSITION EXPERIMENTS

The experimental results of these ilnvestigation can
be summarized (2):
1. The hecight (H) and the density (n) of the roughness
elements have a great influcnce on the deposition
velocities.
2. The particle fluxes to the roughness elements 1s rmuch
greater than to the substrate.
3. The mecasured vi values (vg =v/ux} in depecndence of
particle size for”relatively‘smogth surfaces (filter
paper) are nearly the same as for grass ar simulated
drass surfaces between the surface structures and fric-
tion velocities (Fig. 2).
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Takle: The

fractions of washoutl,

tion for different atmospherlic aerosels

rainout and drv deposi-

Aotivity size¥

Almospheric**

Merosol of**x*

AEROS0L distribation jheroscl a power plant
of Pb-210 {rass disgstri- |plume; wind-
v = 2.9 . 154 bution (41} velocity: 6m/4
Yy ) _ L a
/s Vg - 7.6 .10 3 vq 3.9+10
/\= 5.4 '10_4 m/s Tgs
o ) _, A=5.4-10
A= 7.6 .10 .
-1 ) )
REMOVAL h sounrce h?éght‘
PROCESS m
distance from
source: 2500m
Dry FALLOUT
a @
ue = 40 em/s 5.3 % 87.4 % 99.3 &
WASHOUT
rainfall rate;: - 2
1 mm/h 0.2 % 9 5 0.7 %
rain: 600 mm/a
REAINQUT
rainfall rate:
1 mm/h
rain: 600 mm/a
cloud depth:2km 84.5 3% 3.6 % -

cloud height:
2 km
rainout coeff.:

1.1 07

daughters i1

centration distribution is after MOORE et al.

* %
WIGAND {6}

* k ok

s assumed (4});

Activity size distribution of the short lived radon

The vertical Pk-210 con-

radon daughters is assumed {4)
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A COMPARISON OF THE REMOVAL PROCESSES

The particle fluxes of different atmospheric aero-
sols to the earth surface under consideration our experi-
mental results were calculated. The fractions of washout,
rainout and dry deposition for the mass distribution of
the natural aerosol, the Pb~210 aerosol and for a radio-
active aernsnl of a power plant plumc are listed in the
table.
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THE FUNCTIONAL DEPENDENCE OF THE TOTAL HAZARD FROM AN AIR POLLUTION
INCIDENCE ON THE ENVIRONMENTAL PARAMETERS

D. Skibin

NUCLEAR RESFARCH CENTRE-NEGEV, P.O. Box 9001, Beer-Shewva, Israel.

A general case of release to the atmosphere of a pellutant is
conslidered. Variovus chemical and radicactive hazards may resuit
from inhalation of the pollutant, deposition, resuspension, inpestion
and external and internal radlatlon, if the pollutant is radipactive.
According to the ICRP-26 recommendations, the tetal risk summed over
all pathways and tissues should not exceed a certain limit,

The total dose received {Dy) is a monotonous function of the
source strength. However, in general, it does not vary monotonously
with some of the physical processes involved. For instance, an
increase in the deposition wvelocity results in larger deposition
along the cloud's trajectery, which reduces the amcunt of activity
reaching downwind distance X and thereby the cloud and direct inhala-
tion dose. On the other hand, though less activity reaches X, more
activity is deposited there {for higher V3}, increasing the doses
from external radiation from depusited material, from inhalation of
resuspension and from ingestion. Similarly, it will be shown that,
taking into account previous deposition, 3y at X does not always
increase with decreasing wind speed or with decreasing source height,

In the process of hazards evaluation one usually tends to
estimate the processes involved conservatively so as to maximize the
computed doses. The worst cases {which give maximum Dt) are not
always easily identified (1). The present work helps to identify
them. 1In addition a oodel of the total dose is presented and its
variations are studied as a function of wind speed-T, depositien
velocity-Vy and source height-h. The value of each parameter giving
the highest total dose as a function of the model's parameters is
determined.

MODEL

This preliminary study is based on the simplest and widely used
assumptions of an instantaneous, elevated point source; deposition is
considered using the Chamberlain model through Van Der Hoven's
curves (2}, The external dose 15 calculated with the semi-infinite
homogeneous approximation.

THE TOTAL DOSE EQUATION

o] Qx ! D Dy Fr

X f» _r A
Dy = LQ } = ) P vVt B.Sp I+ 57 v,
(éH] - normalized concentration at distance X.
Qo - source strength,

Qx V x exp(—h2f262}
o) = exp)— = mdc]

a o

z
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cz—clouJ% vertical standard deviation. Fe = 0.25 E, E-v energy,

Fg = §5-+ E wiFi ' Fs—ratio of the y dose from deposition to the
surface contamination. A~decay constant, wj-ICHP-26's welghts,
F%-ratio of the dose from Iingestion + drinking te the surface
contamination, Br-breathing rate, SE E wiSy , Sg < specific
inhalation deose for to organ 1, Fp-resuspension facrtor,

METHOD

The dose equation was derived twice with respect to U, Vg and h.
Extremum and inflection peints are identified, which enables to
stady the behavier of Dy.

RESGLTS

A. Variation of Dw as a function of Vg:
Fig. 1 gives the results for X < X,

inflection point

dose

exponential decrease

Total

[
i
t
|
1
{
!

1 v
Ya (“d * E) d
max max

Fig. 1. Schematic representation of the variarion of the total
dose a8 funetion of the depasition velocity.

‘h2 2 2
; . 71 x et / az)
v = — - = 45 a4 = f'g‘ = _ 4z
dmax a %o ¥ o5 9z
F
o r i)
s B

D'.D: D = [

F + B 8 X=X

C r B ! (v}

For X > X, D; decreases monctonecusly with increasing Vj.

Example: X = 9 km, stability D, u= 5m/s, h=10m+ = 24
{(from the Van Der Hoven curves}. A very simple case: No y energy —
Fo = Fg = 0, no ingestion or drinking dose, only inhalation

dose - F{ = 0. Taking F_ = 107%n™}, T} - one weel»a,=87+V4 =3cm/s.
MAX
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B. Variation of Dt with wind speed: Defining

. 27942
5 x exp(-h*/20°} )
y 2 \?%H V4 j ___4:;_____5_ dr , we receive Fig. 2:
o z

infiection points

]

@

w

o

=

=

—

o

=
rig. 2. Schematic representaticn of the variation of the total

dose as a function of wind speed.

Example: The conditions are the same as above - Dy I1s maximal
for ¥ = vy = 3.6 mfs, for Vq = 0.03 m/s.
C. Variation of 3 withzh: A single maximum Dy exists when:
2 : —
i exp(-h*/20%) .
[ 2. dg (1] ; 5= /24

1 d
o, ) 2 n T

-

The numerical solution for stability D is given in graphical form
in Fig. 3.

Example: same as above, for Vg = 0.03 a/s, ©w = 3.6 m/s

h % B0 m.
max

CONCLUSIONS

A, Dy dees not vary monotouously as a funection of Vg or Toer h., A
maximum total dose exists for certain values of these variables,
which 1s a funetion of the stability, X, the other parameters of the
mnodel and the properties of the pollutant.

B. The worst cases (and corresponding atnax) cvan be determined and
used in hazards evaluation. )

C. Maximum D, cannot exist simultaneously as a funetion of both G
and V.
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tig. 3.  Graphical solution of rhe equation for the height, which

indicate the maximum Dy. The twe sets of curves give the
left and right hand sides of the equation for different
‘1/Vq and h {respectively), as a function of X, Ffur
stabilicy D.
B. I[n this preliminzry study the simplest, widely used analyrical
mode | was used. Refinements may be incerporated when nore informa-
tion i1s obtained concerning the detailed analytical form of the dose
aquation.
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REDUCTION OF THE EKVIRONMENTAL CORCENTRATION OF AIR POLLUTANTS BY
PROPER GEQMETRICAL ORIENTATION OF INDUSTRIAL LINE SOURCES

Jacob Tadmor
3orey Nuclear Kesearch Centre, Yavone, Israsl
Alfred Elsmer

Division of Human Environmental Sciences, Hebrew University,
Jerusalem, Israel

Industrial line sources of air pollutants are frequently charac-
terlzed by a relatively low helght of release. Thelr contribution to
the concentratlon of air pollutants in the environment may be signi-
ficant and cause violation of the ambient air quality standards.
Therefore, measures sometimes have to be taken to reduce the environ-
mental concentration of air pollutants released by such line sources,
Among the measures consldered may be the reduction of the amount of
pollutant at the source prior to release or the improvement of the
atmospheric dispersion, eilther by dincreasing the height of release
or, in the case of a line source, by changing the geometrical arienta-
tion of the individual sources.

A case study waa undertaken of two line sources, one composed of
10 and the other of 20 individual scurces. The helght of release
ranged from 15.7 to 3%.6 m, with a uniforn rate of release of a
gasepus peollutant of 1 Ci/s fer each source.

Average environmental concentrations cof alr pellutants were
calculated for the original setting of the lime sources and then
compared with those obtained from other settings, in which the
Individual sources of the same physlcal height of release, were
differently orientated geometrically. These concentrations were also
compared with those obtained from a single source which released the
total amount of pollutant (30 Ci/s) at a height of 70 m. The concen-
trations were calculated vusing a diffusion model in which the enviren-
mental conditions were represented by a three-dimensiocnal matrix and
were based on the Gaussian equation of the form (1}:

2

N N N
5 w i F__(9.) Q. __(x.) h .
;(K.,e ) = E X z 2,032 E(r )J ipr = 3 exp (- pr y (0
S U B S N A DR P 202 (x)

where;

x{xj,ﬂ.) is the average ambient concentratien, resulting from pollut~
ant point sources j, at a downwind distance x, aleng a 22.5° arc 8,
which includes both the source and receptor.
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Ny, N, N: are indices denoting, respectively, the number of atmos-
pheric stability classes, wind velocity groups and wvelint souraes
Fpr{ﬁi) is the fraction of the time during which the wind is in
direction &, for atmospheric stability class p and wind velocity
group r
Qiﬁr(x') is the peoint source strengih of a polivtant i, corrected for
Ar{ and wet depecsition, occurring aleng a distance x
Spixi) i the vertical dispersion cocfficient at a distance x from
spurce 3, for atwospheric stabilivy class p
up is the average velocicty for wind group r
hpr is the effective plume height for atmospheric stability class p
and wind velocity group r.

A computer propgrawm, adapted for the Hebrew University CY74
computear, was written to solve equaticn (1}.

Figure 1 shows the initial geometrical pesition of the two line
sources and 16 ground level receptor points for which the averape
pollutant concentration was calculated.

900 2 14 5 6
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Easterly direction (m)

Figure l. Tnitial geometrical position of the line sources and
location of recepters 1-16 .
Line source
[ Botation point

The 18 receptor points are distributed within a square %00 m x 900 m,
at a distance of 300 m from each other. The vomputations of the
average concentration of poliutant at the receptor paints were
performed for summer days, of characteristic joint atmospheric
stability and wind velocity frequency (2).

The influence of the geometrical orientation of the line sources
on the pollutant concentration at the 16 receptor points was investi-
gated by veerinp both line sources from ihe original position &£37 at
a time around a given point A& (Fig. 1). Fisure 2 shows the average



pellutant concentration at the receptor point 3 as a function of the
rotation angle of the line sources.
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Figure 2. Average pollutant caoncentration at recepteor poeint 3 as a
functien of the rotation angle of the line sources. The herizontal
line shows the concentration of pollutant caused by a single source

of 70 m height, the strength of which is equivalent to that cof the
line sources.

It is seen that at a given rotation angle, the average pollutant
concentration is at a minimum at a certain receptor point. Similar
results are obtained for all receptor peints. The reductien of the
pollutant concentration by a particular rotation of the line sources
may attain values of up to about 50%Z as compared with the concentra-
tion ebtained from che oripinal position of the line sources.

Calculations were also made to compare the environmental pollu-
tant concentration from given settings of the line sources, with the
concentration caused by a single source of a height of 70 m, assurming
that the strength of the sipgle source is equivalent to that of the
line souvces. Filgure 2 shows that at certain rotation angles of the
line sources, the environmental concentration is lower even as
compared with a single high source. 1In the case shown in Fig., 2 the
minimum concentration cbtained by rotating the line sources is about
10% lower than that caused by a 70 o high integrated source, However,
for other receptor points and for other rotating angles, up to a
3-fold reduction of the average enviranmental concentration may be
obtained »y rotating the line sources, as compared with the concen-—
tration caused by a 70 m kiph integrated source.

The minfmization of the average environmental concentration by
rotating the line sources is different for each receptor point and
caleulations have to be performed to eptimize the reduction of the
pollutant concentration for all the veceptor peints in the arca of
interest, as related to cach discrete point source of which the line
sources arc formed., The influence of a discrete point source on a
given receptor polnt does not depend ovnly on the reciprocal geo-
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metrical configuration of the scurce and receptor. Tt also depends

on the atmospheric conditlions, such as wind parareters and atmospheric
stability, of whichk the plume width and height are functiens, and on
the probability of the recepter point heing within the sector of
influence of the source. Because the prebability functicen Epr(ﬁj) is
a discrete statistical paranerer, there is no analytical procedure

to find the minimum averape concentraticn for all recepter peints as

a function of the rotacionm angle of the line sources. Numerical
valiulativue tierefore Lave te Le perfoieed Lo optiaiee the confipuia-
tion of the line sources in crder te get the minimem average concen-—
tration for all the rcceptor polzts in the area of intevest.

A piven peowxctrical orientation of the line sources can thus be
found which minimizes the pollutant concentration both as compared
with the oripinal setting of the sources and with a siaple higher
source integrating zll the given peint svurces. Considering the
substantial increasce in cost of augnenting rhe height of release of
pollutants as a means of reducing the alr pollutant cencentration,
determining the proper geowetrical orieantation of the line sources
should be censidered as an ceonomical means of improviap the eoviron-
mental alr quality.
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RESTUSTENSICH OF FLUTOKITH FROK CCHNTAMINATED 50IL3

V.D. Vaski, P. Fotrapra ard S.D. Soman, Health Fhysics Division,
Fhabka Atomie Pesearch Centre, Trombay, Bombay - 400 OBS, IIDIA,

INTRODUCTION

Fesuspensicn factor \RF(, defined as the ratlo Sf concentration
in 2ir (S1/n) to the comcentration in top scil (CL/m°) is an
important parereter useful for evaluating the inhalation kazards. Such
factors were studied by various workers {i-4).

For degert cconditicns like Veva a Lest §i§q areag, such factors
for plutonium lie in the range of 107 150 at the beginning,
decreasing gubsequently to 10~ to 107 due to weathering and
dewnward movement of plutonium irn acil fr—?;. The etudy cn resuspens.
icn factors from humid climatiec scil conditicns has not besn reporied
50 far. The rpresent study was carrisd cut to estimate resuspension
facters for plutonium from suech humid beach soils in the vicirnity of
low level liquid effluents discharge point frem & Fuel Feprocessing
Flant.

EXTERT HTAL WORE

"he work was earried ocut in twe parts.
1. Field Teagurenentsg i

Air garples were collecied on "hatmann SF/A glass fibre Pilter
paperg, using porinble battery operated sampler, through a 25 mo
sacpling read 1t a2 suetion rate of 12 litres/min. Secpling wae done
At %two differernt heichts of 1 and 2 meters and the saprling time was
Four heurs, Pluteniurm conecsniraticns and moisture contents cf surface
gcil samples collected from the top 5 toc 10 mn were determined.
Studies were carried out both before monmsvon and alter monscon.
2+ Iatsratory leasurements ¢

Series of laberatory experiments on the contaminated soils
collected from the field were dcne, varying parameters like soil
conditions, moigture conteni, wind speed ete. Experiments ware
carried out in a fumehood by uniformly spreading the seil in an
alumiriuc tray {30em x ZCem x Zem}. Alr samples were collected at
1 meter above the tray using 25mm sampler at a flow rate cf
%5 litreg/min. 4 tctal of 10 euble meters of air was sampled every
time . ¥nowing the airberme conceniraticn and the concentration in the
tep soil (5mm)}, resuspension factors were calculzted.

Differcnt perzmeters vnried during studies were zg followss
Ly 30il roendivions. Soil used in different studies were, 3rled
and povdered ccil, original wed acil with 207 moisture content
and the wet scil with ermall plant sapling. The third ecnditicon
zimulates marshy area #oils with sme vegetaticn,
1i; leoiziure contents of scil were varied from 109 to 209 in three

A{ffarent getg of ewperiments,
1ii} Tind speed in Trombay area vary in the rapge of 3 4¢ 19 Fn/hr
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(if). o wind aveeds mimulated were SU0,
This sirulaticn was achieved by bhlowing nir atove the teay,
arifermily ahove she entire surince.

*1\':' Reerirarle samples were =1z coilected using eycelone csmrling
method U“} for twe differert hunidities of zo0il n? it two
different wind csreeds.

FEITITS AND DISCTEZICN

Tesuspensicn facters obtailned durirg 1214 studies cavyried oul
at different sitzg near arnd around efflusnt discharge dreas, before
and after mc 1290%, are given in Tatle 1 arnd were found o bz of the
order of 10 S, Witk inerensing nmeistuzne content in the scils,
resuspensicn focters decreased, Pactors at lower heiphia were
r:latively nlzher. Jootmonsoon siudies ctow elichtly lower values
corpiared 1o IIRTONSgOOn ONES.

TAEIE 1. Zesugpensicn ¥actors for Field leasuremcnta.

Jite Collection Eeizht Scil Medlsture _ Y
= fet H.Fe (x 18 m ;)
¥o. (teters) Contert (<)
(Premonsoon} o
1 2.0 Za51 3.75 4 £.15
2 1.0 17.04 a7 vty
2.C 17.04 2.72 % 0.1
3 1.0 2655 1% + T2
2.C Z6.59 1.15 + 0,05
4 2.C 4C.13 GaT4 + U.03
(Postmonsocn }
i 2.6 10.13 2.61 + 042
z 2.0 14469 142 + .09
3 2.0 20.04 CeTb + U404
4 2.C FERT S O.00 + .03

Iaboratery experiment results are givern in Tahles 2 to 5.
Takle ¢ gives reguspernsion factor valucs for thre- different wind
speeda for soilg with Aifferent meisture contenis. Ireressing wind
gpeeds increase resuspensicon factors only marginally, whereas
resuspension factors decreice significantly with increasing scoil
moigture. Teble 3 sives resuspension factor values for dry powdered
e0il at different wind gspeeds. In Tabtle 4, are given values for soil
covered with small plant saplinga, studied at three dilferent wind
speeds. ltesuspension factors obtained were comparatively lcwer than
thoge obiemlned from the soil as cucn, indicating thet plant growin in
such sells help in reducing resuspension. Table 9 gives resul+s for
estimation of regpireble fragtions of theze resustended activities.
Experimen<s carried cut on dyy scil as well as soil with 207 moisture
ccntent, at twe different speeds show that for both the types of scils
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the respiratle fract
dotivity median aero
particles.

iong were of the

dynacic dlaneter of 2

order ¢f 65% indicating an
.G/um {Ret.9) for airtorne

207% moisture
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TAPLE 2. Resuspgension Factors (lab. Leasursments)
1
Seil : wind Speed (Kn/hr)
Yoisture | Y
. i T
Content ' 2.5 i 2.0 E 11.5
! » '
-+ T H
. -5 - -8 = -1
() PR.PGx 10 a7y 1 RuR.(x 1075 ‘)E R.F.Gx 1050 )
T
L 1 1
10 2466 + Cotl 2.24 + Cu11 2.97 + 0.37
2¢ 1492 # 0.10 1465 + C.11 1.49 + 0,08
3 1.71 + 0.09 134 + C.07 1,36 + 0,07
TAFIE 3. TResuspension Factors For Dry Fowdered Soils(Lab. rbtperiment)
. -2 -1
Wind Speed(¥m/hr) Rezuspensicn Pactor (x 10m )
5.5 1445 + C.06
3.0 2.19 + 0.09
1.0 2,49 + 0.12
TAEIE 4., BResuspenalen Factors For Soills Covered With Flant Saplings.
Seil with 209 humidity (Iab. Experiment)
ur ! _9 _1
¥ind Speed {Fm/hr) Reguspension Fastor {x 10 -"m )
55 7.18 + 0.41
8.0 846 + C.45
11.0 B.91 + 0449
TABIE 5. Respirable Resuspended Activities (Iab. Bxperiment)
Type of Soil ¥ind Speed {Km/hr) Respirable Fraction (%)
Dry acil 5eb £66.04 + 3411
Dry scil 5.0 68.68 + 3.10
2oil with s :
228 melzvure 23 84.67 + 3.12
FEEASEETY 840 6C.28 # 2.82



CONCINSTON

The resuspernsion factors obtained in the present ctudy ave

useful in arriving at the gtandards for azea di:charzen.
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A REVISCD METHOD TO CALCULATE THE CONCENTRATION TIME
IKTEGRAL OF ATMOSPHERIC POLLUTANTS

E. Voelz, PreufBenelektra, D-3000 Hannover,
Tresckowstr., 5, F.R. Germany
H. Schultz, Technische Universitdt, D-3000 Hannover,
Appelstr. 9 A, F.R. Germany

1. ABSTRACT

It is possible to calculate the spreading of a plume in
the atmosphere under instationary and inhomogeneocus con-
ditions by intrcducing the "particle-in-cell" method
{PIC}. This has a systematical advantage over the steady
state Gaussian plume model usuwally used with averaged
data. In particular the concentration time integral is
calculated directly instead of being substituted hy a
locally integrated concentration at a constant time as is
done in the plume model. Thus inaccuracies due to the
computationral techrigues may be avoided for short-time
emissions because both integrals do not lead to the same
results as is shown herein. Adcditionally the PIC-method
maxes it possible to cc¢nsider height-dependent input data
and their variations in time.

2. CALCULATIONS OF THE CONCENTRATION TIME INTEGRAL

The near-ground concentration ¢ of a plume spreading in
the atmosphere is almost only described by the Gaussian
plume model. It depends on a solution of the Fickian
diffusion law by a Gaussian normal distribution. The
effect I of the airborne material on live corresponds
with the concentration time integral over the time T of
influence at a fixed pecint:

I{X:Y} = jC(er::’-'-:O:t)'dt
An analytical soiution of this time integral does not as
yet exist if any time-dependent meteorological input data
are to be used. However, it may be approximated if it is
replaced by an integration that adds up all plume parts
in concern locally at a constant time, i.e. dx=u-dt.
That is only possible if the meteorological data are
constarnt all over the plume and if the cloud passes the
exposure point unchanged.

If there are instationary or inhomogenecus effects
to be considered as may be an advection velocity that
varies locally anrd in time, a numerical sclution is to be
preferred e.g. the PIC-method. Its basis is to calculate
the diffusion in the cloud and its transport step by step
from time to time. The region around the cloud is divided
into cells bhetween which particles representing single
parts of the whole concentration are moved according to
the diffusion laws. The velccities of the particles are
composed of the advection velocity and of the diffusion
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velocities derived from the different concentrations in
the celils. This movements are executed step by step in
sach a way that the input data may be fitted locally and
temporally to the circumstances. The meilhod has bkeen
described by Sklarew et al. [1]. [n practice it has becen
shewn by Voelz et Schultz [2] that many dispersion pro-
cesses may ope simulated in a good sense over longer
periods. And this PIC-method allows to calculate cichor
the realistic time integral or the substituted leccal
integration.

3. COMPARISCN OQF THE INTzGRALS TN BOTH METHODS

If the PIC-method is used with local and temporal moean
values oFf the input data, it normally glves the same
coencentration wvalues compared to the Gaussian plume
moedel under the same ceonditions. It gives coTparable
integral wvalues, too, if these arc calculated by the
substituted local integration {la).

This is alsc true if Lhe integral values are
evaluated using the PIC-methed with either the substi-
tuted local integration for a height-dependernt wind speed
or the realistic timc integral for a mcan winé speed
{1b, 2al.

Contrary, the realistic concencraticn time integral
when used for a height-dependent wind speed differs from
adeguate calculatiocrs by the Gaussian model. Now the
maximum valuge increascs and lies nearer to the source.
This is an effect that has indeced becon obucrved during
diffusicon experiments at clevated sources (2h).

Fig. 1 shows the integral wvalues downwind for a
nentral diffusion type. They are calculated once for a
height-dependent wind speed {b) and once for an adeguate
rean wind speed {a) with either the realistic concen-
tration time integral! at a fixed cxpesure point {2} or
the substituted local integration at. a censtant time {1).
The difference between the curves (2a) ané (la) iz only
due to the numerical computational technigques. On the
other hand, i1t may be secn thal the realistic concen-
traticn time integral usecd for a height-dependent wind
speced (2b) differs from theose integral values that are
calculated with either a constanit wind speed using the
realisbic time integral (2a)} or using the Gaussian medel.

Fig. 2 shows the velocitics within a cloud fron a
100 n high point scurce emission 2100 m downwind in-
fluenced by 2 hcight-dependent wind speed in a neutral
atnosphere., There are shown on the right-hand side the
diffusion velocities ¢n those corner points situateé in a
vertical plane thrcugh the cloud center line and on the
left-hand side the height-dependent advection velocities.

4. RESULTS

Both, the concentration time integral and the substituted
local integration deo not lead to the samc resulbs. The
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reascn may be cxplained as follows: The higher integral
values near the source appear when using the realistic
time integral. This happens as the cloud is not so much
twisted by the height-dependent wind speced and¢ becausc it
passes more slowly the exposure point, that is to say,
with a wind speed representative for the near—-ground
atmospheric layver. And besides that, during the passage
some particles move at the tail-end from the upper parts
downwards due to the decreasing concentration gradient.
This downward diffusion stops at about 1200 to 1400 m far
frem the source. Then the cloud passes unchanged the
exposurc point only with the wind speed representative
For the near-ground laycr. Finally, the cloud becomes
twisted at the tail-end by the height-dependent wind
speed that forces the upper parts to cross more quickly.
Therefore an upward diffusion starts duce to the downward
increasing concentration gradient. As a conscquence, the
realistic concentration time integral becomes lower rore
and more with the increasing downwind distance from the
scurce in relation to the Gaussian model.
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Bocuuse of the lirnearlity of Lhe differential srans-
port aguation, any release can be regarded a3 a succession
of short puffg, whiockh g1 Pollow the same dispersicn Iaws.
Tre tohtal corcentraticn at any peint of the ervircnment is
thern the superpo Q]*l"ﬁ ¢ the cormiribusion of each nuff.
I order to appralse the affect of neglecting ¢irfusion in
tne direction of tne wind, it 1s therforc sufficient to
follow the dispersicon of a single puff. Thus we assume
the following unit source strength:

Q {ty = & (g5} {13
where £{t) deroctes thz Dirac deita Tunction,

To aveid unnecessa ficaticn of the provlem,
ail the depletion as radicactive decay and
dry or wet depcositi g on the ground are
regiecsed. These fect primariily the pollutans
content of the nl 0t the dispersion. Owing to Lhis
ausuq tions, the vaste content of the rlume will remain
constant at unicy.

The three-dimensicral 2iffusicn aguaticn predicts a
Jaussian distributior of the polilutants alcrg the three
axes ¥, ¥, 2z (downwing, crosswing and vertical respecti-
vely;. Because of this varisble sseperaticr, it is suffi-
cilert fo caonsider onrniy the ﬂorcertration aiong the x-axis
a1 the ground plare. If assuming, as custemary, & total
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relexion frem the pround, Lhe grourdic
at downwind distarce x and at Yime t u.
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Y43, the corncontration Ofix, t) oas
Gowrwinag v ¥ 1s elways zero, 2xceps at tlme
x/a, when s Intinite. Heree this Is now a pood
nasils Zor a comparison. However, Sor oassessing the :
gucrnizes of polialart releeascs, orne reeds the ime
Frased ceroontraticor. wWe defire the tLice Inteprased
censraticr as
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mated by comparing the time integrated concerntratiors
sk

In grder Lo evail
results, we introcduce

iscrepancy beiween the two
~on factor

FDHJ

Fix} LT
The integral for I, eguation {5}, can be rewritten as

p g
Cix, ) = " Cix, &') ag? (83

o

rith E=ut dencting the trarsport distance. One can see now
trat the correction factor f{x; does nct deperd cn the
wird velocity u but cniv on the release height h and the
diffusion parameters oy, and o_, Numerisal integration of
eguaticn {#) and subseHuent Zétermination of the correc-
tiorn factor fix) was performed for & reiease nelght
n o= 00 m end for thne six Pasguiil diffusion uatEFO”iES
& to F {3}, The Fidlich diffusior: parameher system wWas
choser:, which describes the diffusion parameters by the

power functicrn:

g -
{x} = px ~ (9]
Tre results of these computations are presented in fipure
i, showing the ceorrection factors f{x) for the six sta-
Lility classes. Frowm this fipure cre car gee that feor the
unstatle ard neutral diffusicrn categories the s=impler

e

medel pives a very good approximzsion beyond She distance
of a few hundred meters. TFor the stable categories = and
T, agreement 1z achieved afver one or twe kilocmeters.
There 1s a very noticeable increase 1n value ¢f the ccr-
rection factors with decreasing downwind distance, derno-
thing an underestimation by the two-dimensional model of
severa: arders of marsritude. However this underestimation
ig net serious, beca“se the factors apply toc concerntra-
tions that are much below the maximum values. These maxi-

~um integrated conceﬂfrat~ons are zlightly overestimated
by the simpler model as indicated in Figure 1.

From (hese resuits one can concliude that the simplier
two-dimensicnal model is accurate in most cases of inte-
rest, Because of the wuch easler application ¢f this mod-

its wuse can be advocated. However, care must be taken
For shert downwind distances, where reglecting diffusicon
sird direction leads to & drastic underestimaticon of
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A CASE OF INTERNAL CONTAMINATION WITH PLUTCONIUM OXIDE

Breuer F., Clemente G.F., Strambi E., Testa C.
Comitato Nazionale Energia Nucleare, Home, Italy.

This paper describes a case of plutonium and ameri-
cium internsl contamination due to an accidental glove-box
explosion occurred in 1574 at the Casaccim Plutonium Plant.
The involved person showed a small conteminated wound (3x
0.5 cm) on hie right cheek, & diffused contamination on the
hair and a considerable activity in the nose which would in
dicate a possible incorporation by inhalation. On the basis
of the inforrwation obtained at the Flutonium Flant the mate
rinl contained in the exploded glove-box resulted to be a
powder of Puls calcinated at high temperature. In order to
know just the isotopic and weight composition of the conta-
minating material the fellowing radiometric and chemical meg
sures were carried out on the nose-blow semple: gamma spectro
metry (24%An); gemma+X spectrometry with a thin NaI(T1)} 05%
stal and Be window (2%%Am and Pu); ligquid scintillation (Z41Pu
end mlpha emitters); alpha spectrometry (238Pu + 241am and
23%py + 24OPu); chemical separation of americium from pluto
nium. The following deta were obtained: 97.,56% in weight for
glpha emitters (0.17# 238Pu, 97.05% 239,240pu, 0,34% <41Am)
and 2.44% 281Pu; the activity distribution was 95.9% beta
activity (24'Pu) and 4.1% mlpha activity (238,239,240p; ang
241ar) - the distritutjon of alpha mctivity resulted to be
65% 239,240p,, 251 238py ang 10% 24'Am. The knowledge of the
isotopic composition was necessary to cerrectly estimate the
initigl plutonium snd americium mectivity in the wound, the
lung burden calculated by W.B.C. and the dose. committment to
the different organs.

DIAGNOSTIC AND THERAPEUTIC ACTIONS

The following mctions were taken to reduce the initial
contamination and to get the maximum information on the resi
dual contamination and on the dose committment. a) The wound
was washed with DTPA and the activity was removed by a surgi
cal toilet; b) the hair and the nose were decontaminated;
c) some direct lung countings were performed; d) many urine
and fecal samples were mnalyzed for Pu and 241am; e) some
blood samples were collected for the determination of plute
nium and for the detection of possible chromoscmial aberra—
tions; f) at the second day a DTFPA treatment was started
consisting on three dayly 0.5 g DTPA intravenous injections
followed by 3 cthers on alternate days and on a 0.5 g DTPA
aerosel inhalation during 2 consecutive daya.
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RESULTS

The following results were obtained. a) The amctivity
in the wound was determined (1) by using a special NaI{T1l)
probe suitable to detect the weak X emission of plutonium
{17 KeV) and the X~gamme emission of 2%TAm (17 KeV and 60
KeV); the localization of the superficial alpha activity was
obtained by using a probe with a 7 mm? solid state alpha
datector. The initiagl activity resulted to be -~ 30 nCi, and
it was reduced tc background levels by washing with DTPA
and by carrying out a surgical toilet. b) The initial acti
vity in the hair was -~ 83 nCi and it was reduced to negligi
ble values by using a shampoc containing DTPA. The activity
cf the nose blow, collected just after the incident, was
7.5 nCi. A direct lung counting {2,3) of the subject, based
onn the detection of both the 17 KeV X-rays emitted bg the
plutonium isoctopes and the 60 KeV gamma-rays of the 41Am.
wag performed mt various times after the incident. A 12.5
co diameter x 0.1 mm thick NaI(Tl) phosphwich crystml posi-
tioned on the right lung or over the sternum was omployed,
The calibration factor applied to lung counting of the plu
tonium isotopes was obtained on the basis of both phentom
and "in viveo" calibration (3,4) taking into account both the
chest size of the subject and the isotopic composition of
the contaminating mixture. The calibration factor for the
241am in vivo counting was based on phantom celibretion on
ly. The 238,239,240py 1ung contents + 2¢ as a function of
time elapsed from the incident were the following: 56 + 20
nCi (5 ha); 25 + 15 nCi (22 h.); 13 + 10 nCi (5 d.}; ¢10
nCi (19 d.}. The corresponding b41ﬂm lung contents + 2 g
resulted to be: 2.0 + 0.5 nCi; 1.5 + 0.5 nCi; 0.7 + 0.3
nCi; 0.4 + 0.3 nCi (40 d4.); 0.15 nCi (70 d.). 4} Ta.king
into account the 55 urine analyses {37 of Pu and 18 of <41Am)
and the 34 feces analyses (26 of Pu and 8 of °%lam) (5),
the excretion curves showm in Fig. 1 and 2 have been obtai
ned. e) No plutonium activity greater than the sensitivi-
ty limit (0.04 pCi} was detected in 10 ml of blood and no
cromcsomial aberration was found in 200 cells., f) No effect
due to the DTPA treatment was shown in the urinary excre-—
tion curves,

DOSIMETHIC EVALUATICN

Taking into account the data supplied by the lung
counting and by the excretion curves, the followi conclu
eiona can be drown: =gm) the ratio 238'239'24 Pu/24 Am for
fecal excretion ie about 10, just as the ratio of the mipha
activity present in the contaminating material: the similar
metabolism observed for Pu and Am can be due to the fact
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that both the elements were present as a very insoluble oxi
de; b} both the Pu and Am fecal excretion curves are very
steep durlng the first few days (Peak activity/Plateau acti
vity ~10 5) and this detuz is in gocod agreement with the
sharp decrease of the lung content in the same periocd: it
appears threfore that the material granulometry was high

(1 + 10/um), mwainly deposited in the upper part of the re-
spiratory tract and thus fastly removed by the ordinary
clesrance mechanisms, ¢} The high ratio Ep/E; (~10% in the
first few days)} and the inefectiveness of DIPA confirm the
biological non—trasportability of the contaminant. d) The
plutonium activity excreted in the first few days with fe-
ces 15~ 130 nCi which may correspond to an initial lung
burden comprised between 13 and 65 nCi; this walue ie in
good agreement with that found by the W,.,B.C, at the first
day {56 + 20 nCi}. e} Taking into account the fecal curve
after the first ten days, a lung half-time of about 100
dayes can be deduced in eccordance with the values reported
in the literature (6) for insoluble compounds, f)} The fe-
cal excretion after 100 days {0.5 pCi) would indicate &
plutonium residual lung burden of 0.25 ¢+ t nCi (6). g) Ta
king into mccount the urinary excretion after 100 days (0,2
pCi) a plutonium systemic burden of 3 nCi can be obtained
(7). h) The committsd lung dose, calculated on the basis
of reference (6) and & biological half=-life of 500 days

for Pu and Am, resulted in the range of 60 ¢ 240 mrad with
a corrésponding maximum doee rate of 30 + 120 mrad/y.

i) The dose due to systemic contemination has besn evalua-
ted on the basis of reference (8) and considering the fol-
lowing percentage depositions and biclogical half»11v35°

Pu 42% in bone (Tp = 5.5 . 104 d.), 567 1n liver {Ty =

. 104 d.); Am 25% in bone (Tb 7.3 . 103 d4.), 35% in 11-
ver (Tp = 3.5 . 103 d.) and 3% in kidneya (T, = 2,7 . 104
d.). For the contribution of lung contamination to syste-
mic dose, the Ty in lung was considered 90 days. 1) The
calculated absorbed dose rate for bone was rather constant
being in the range of 30 #+ 40 mrad/y slowly incresesing with
time; for liver a rather constant dose rate of 200 nmrad/y;
for kidneys a rather constant dose rate of 3 mrad/y slowly
decreaging with time. m) The committed dose equivalents,
calculated on the basie of ICRP recent metabolic models
{9,10) with @ = 20 for alpha particles, are: lung 1.2 + 4.8
rem {12 + 48 mSv); bone 40 rem {400 mSv}; liver 100 rem

{1 Sv); kydneys 3 rem (30 mSv). The effective total body
committed dose equivalent is 7.5 + 8 rem {75 # 80 mSv),
From a medical point of view, the operator was readmitted
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$0 unlimited radiation work, btut ceution was taken not to
invelve bim in high-risk contamination areas or operations,
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Fig.1 and 2, Urinary (E,) and fecal (Ef} excretion of plu-
tonium and emericium.
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THE USE CF DIPA TQ ISHIBIT THE EXTRAFULMONARY DEPOSITIOR OF CURIUM-
2Ll IK TEE RAT FOLLOWING THE BRONUEIAL INTUBATION COF OXIDE
SUSFENSIONS

Jokn R. Cocper, G, Neil Stradling, Hylton Smitk and Sandra ¥, Ham
National Radiological Protection Board, Harwell, Didcot, Cxon, U.K,
INTRCDUCTION

Much experimental evidence has accumulated on the use of the
calecium or zine salte of diethylenetriaminepenta-acetic acid (Fa.Ca
DTPA and Na.Zn DTPA) for removing actinides from animals (1), 8-
ever, such Btudies are baszed on experimenis in which the actinides
have been administered as the citrate or nitrate complexss. The
present work looke at the efficacy of Na_ Ca DIPA and Na_Zn IMPA Ior
echencing the excretion of curium efter gulmunary intubétion of
curium-2ui, dioxide (Cmoz).

MATEREIALS AKD METHODS

High fired CwO, was supplied by the Radiochemical Centre
(Arersham, Bucks, U.K) and was fractionated by ultrafiltration as
deseribed previously (2),

In the animal experiments Ka.Zn DTPA or Na,Ca DITL were admin-
istered intravencusly in isotonic a%line. The 3iuretic Lasix,
frusenide B.P,, (0.2 rl, 8.9 mg kg ) was injected intravenously at
intervals to promote & high urine flow to aliow the collection of
adaquate volumwes of urine for analysis by gel permeation chromato-
graphy.

The methods of pulmonery intubation, gel permeation chromato-
grapnic separation and radioactivity determinatiorns are given bty
Stradling et al., (2.

RESULTS AND DISCUSSION

After intubation into the lung, 0.22-1,2 pr diameter curium
dioxide particles rapidly form particles of 0,001 um in diameter (2).
These particles, btelieved to bte cf the hydroxide, ther diffuse pass-
ively to the blooé protably through pores in the alveolar epithelium
{3}. In the bloed intact 0,007 um particles of Cm0, combine with
serun proteins. The protein-bound Cm(, rises from ES% of the
ecirculating radicactivity at 35 minutes after pulmonary intubatlon
to =90% at 2L hours; thne remeining activity is 0,007 un particles.

0.0C7 um particles will alsc combine with serum proteins in
vitro, For example, when serum labelled for 24 hours was chromato-
graphed on Sephadex G=-200, Uz eluted with the @ and y globtulirs, and
the trensferrin and albumin fractions in about equal amocunts.
Kegligible activity (< %) was recovered in the low molecular weight
fractiong where uniound particles or curium would elute., However,
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if ya Ca DTPA or Na.4n DAPA ia added at a concentration cf 0,02 ng,
ml %0 the serum 6 minutes before the 0,00 um particles the react-
ion between particles ard prcieins is irhitited and even after 2l
nours 99% of the radicactiviiy eluted ae intact particles.
Similarly, irtact 0.007 pm particles could te regereratec from
protein-bound Cm by addition of Na.Ca DTPA (2.5 mg.nl ). It is
suggested that DTPA blocks recepto; gites for the particles on the
protein by a preferertial binding process,

Previgua work has shown thaet a major factor infuencing tne
urinary excretion of Cm fellowing the intaxe Cm0O. into the lurgs is
the renal dialyeis of C,001 un particles (2}, e binding of part-
icles to serum proteins may compete with this process. The above
gtudies in vitro suggest that either Na_ Ca DYPA or Na_Zn DTPA could
maintain these 0,001 pm particles in the blood for 10%3 ancugh to
pereit the guantitetive urinary excretion of Cm, The effect of
administerirg Ya_Ca DTPA or Fa.,Zn DTFA to rate exposed to Cnl
susperaiore is sgown in Table ?. If tke ceoncentration of Fa-la ITPA
or Wa,Zr OTPA in the bloed ie maintained above 0.002 rg.ml~
(Dxpt? 2), by administering 0.28 1g.52  body weight initially
followed by injections of 0.1l mg.kg~! at 30 mirute intervals, ther
deposition of Co in the skeleton and liver is markedly reduced. The
interval betweern succesmive injections corresponds to the nalf time
of DTPA in the blood (). At higher concentrations (Expt. 3)

Ha.Ca ITPA ie still effective in minimising tissue deposition evern
wign acrinistered 2 hours after small particle suspension. In all
of the experinerts where Na.Ca ITPA or Na.Zn DPPA and lasix were
adriristered befcre the oxi&e FUSPENBLION ghe Oz was excreted as
0.007 pn particles, Wrhen the oxide suspeneion was administered bte-
fore the DTPA and Lasix the Oz was present Iin the urine as 2.001 un
particles ard Cm citrate. The Co citrate is probably formed from
particles and citrate in the renal tubular fluid (2).

The experiments cutlined above demonstrate that {i)} DTFA im nct
chelating Cz tut irhibiting a reaction between 0,001 pm CmD
particles and serum proteins (ii) %a.Ca DTEA and the less toxic
Na.Zn DTPA are equally effective ard”(iii) to cbtain efficient
urinary excretion of Co the concentration cf DIPA in the tlood must
be maintained above about 0.00L mg.ml™ ', Aninmal cxperiments Indicete
that following an acciderntal intake of 24400 by manm, about S90% of
that fraction destined to translecate tc blood would do sec during
the next month (5), Therefore, for DTPA therapy to be most effect—
ive it should be administered continually cver this pericd at a
constant rate of 1k mg,xg~'. day—-'. This is within the dose range
normally used in clirical practice (£},
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Takle 1. Injection schedules, tiseue distributicn and excretion of Hea after aedininistering thm oxide

s o a ; 5 PO . b

Expt. | Injections Injection schedule Tiggue distributicn and excretion (%)
Ko. mg.kgf1 body wt t min Iungs | Liver | Skeleton Urine
1 Lasix 8.9 -5, 120, 210 1.1 15,6 33.5 32.4
2 Wa ,ZnTBA 0.28;0.14° -5325,55,85,.235 | 3.1 0.5 1.5 79.8
3 Na ,OaDIPA 1n;7° h20;140,180,..360 | 12,2 0.3 1.t §3.5

aSuapension of 0.007 un diameter particles 700 ul, 500 Bq administered by tracheel intubation at zero
time, The injection times shown for DTPA are relative to this labelling. The amount of DTPA admin-
igtered in the firei injection im iwice thait edministered in subsmeguent injections. ZLasix 0.2 ml, £.9
og. kg"1 adninistered intravenously at -5, 120 and 210 minutes except experiment 3 where these timea
are relative to the firest injection of DTPA.

bValueB expressed a5 a percentage of initial lung burden; animels killed 20,0 min after initial
injection. Remainder of 2hbon present in blood, kidneys and gastro-inteatinal tract and contents.
No faeces were passed during the course of the experiments.

Ty convert to mg,mlT of blood divide by 70 (7).

The metabelic data were closely similar when N33 CallTPA or NaBZnDTPA were adninistered by the sane
injection schedule.
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TOXICITY OF INHALED Pug, I. METABOLISM1

Joseph H. Diel and James A. Mewhinney

Lovelace Inhalation Toxicology Research Institute, P.O. Box 5890,
Albuquerque, kM 87115, U.5.4.

... This paper reports the results of a study of the fate of inhaled
dJBPUD% in Beagle dogs. It complements a study on the relationship
of biglogical response to radiatfon dose after inhalation of aerosols
of 238pu0; (4). The aerosols used for the inhalation exposures were
monodisperse (containing particles of only one size) or polydisperse.
The use of monodisperse aerosols makes it possible to study the effect
of particle size on the biological effectiveness of plutonium for
various end points and to study the effect of particie size on the
deposition and subsequent redistribuytion of plutonium in the body.
Qther investigators {5} have shown that 238py translocates more
rapidly from the lung than does 239pu after inhalation of the dioxide
form. This increased translocation may be due to a specific activity
dependent breakup of the Pulp particles that results in more rapid
dissolution or direct transtocation of very small particles (1,7).
In the present study, it was shown that 23Bpu was translocated rela-
tively slowly up to about 100D days after inhalation, but the trans-
location rate increased more than twofold thereafter. A study of
autoradiographs of the lungs of dogs that inhaled morodisperse aero-
s0ls revealed the presence of particle fragments in the lung. This
indicated that the change in translocation was due to the breakup of
particles as suggested.

MATERTALS AND METHODS

Young adult Beagle dogs received inhalation exposures to ore of

three sizes of a monodisperse gerosol or to a polydisperse aerosol of

38py0s designed to produce an initial burden in the pulmonary region
of 2.6 kBg per kg of body weight. Periodic excreta collections were
made and analyzed radiochemically for Pu-238 content. 0Oogs were
serially sacrificed after exposure. Their Tungs were inflated, fixed
and sampted for autoradiography. The remainder of the lung and other
major organs taken at necropsy were analyzed radiochemically for Pu
content. Samples taken for autoradiography were embedded, 5 um thick
sections obtained and autoradiographs were made.

Each dog's initial lung burden was calculated by summing the
total excreta with the total activity in the tissues at sacrifice.
The pulmonary retention of plutonium and its build-up in liver and
skeleton were characterized by functions of exponentials. Radiation
dases to lung, liver and skeleton were calculated by integration of
the fitted curves. The number of particles, fragments and single

This research was performed under W.S. Department of Energy Contract
No. EY-76-C-04-1013 in facilities fully accredited by the American
Association for the Accreditation of Laboratory Animals.
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tracks in a Tung section autoradiograph were counted using an Glympus
BHC microscope with darkfield illumination at 100X. Detection of
fragments in tung depended on the uniform appearance of the autoradig-
graphic images of the particles of a monodisperse aerosocl. A set of
concentric tracks {alpha star} which had an appearance similar %o that
of a alpha star in an animal sacrificed shortly after inhalation expo-
sure was considered a particle. An alpha star with fewer tracks was
calied a fragment. Single tracks were either isolated alpha tracks

or tracks in a group that did not originate from a common point. The
diameter of a spherical 238pyQp particle which would be expected to
have a given number of tracks was estimated {6).

RESULTS

The distribution of ‘38Pu in lung, liver, skeleton ana tracheo-
bronchial Tymph nodes of Beagle dogs sacrificed at various times
after exposure is illustrated in Figure 1. Only %he values for the
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Figure 1. Distribution of 238Pu in Beag1§ doge following inhalation
of a 1.4 ym AD monodisperse aergsol of 3 PuGZ.

1.4 um aerodynamic diameter monodisperse aerosol are shown in Figure
1. The retention and transltocation of the other aerosols were simi-
lar except that the polydisperse aerosol translocated slightly more
rapidly at early times after exposure. Up %o 64 days after exposure,
plutanium is cleared from the lung at a rate which would result in
half of the material being cleared by 31D days after exposure. At
Tater times this rate of ¢learance increased so that half of the
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material present at 100 days after exposure was cleared by 220 days
after exposure resulting in a clearance half-time of 120 days.

As a result of the increased translocation from lung, the doses
to liver and skeleton at 720 days after exposure were each about 10%
of the dose to lung at that time and were increasing rapidly.

The fraction of the aipha activity in the autoradiographs which
was considered particles, fragments or singte tracks is given in
Figure 2. These data are aiso for dogs that inhaled a 1.4 um aero-
dynamic diameter moncdisperse aerosol. Fragments ranged in size from
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Figure 2. Fraction of activity from inhaled 238Pu02 partictes in tung
which in in (A) particles or in {B} fragments producing one {o5——)
or more {A - - -} tracks.

1 track per fragment to about 100 fracks with an average size of
about 7 tracks if single tracks were not included in the average and
about 1.1 tracks with single tracks included.

DISCUSSION

The rate of clearance from the lung at times after 100 days was
more than twice that at times before 100 days. Increased transioca-
tion of plutonium from the 238PuQy particles in the tracheobronchial
lymph nodes is illustrated by the decrease in the amount of Pu found
in these nodes at times beyond 1 year after exposure. While urinary
excretion of Pu began to increase at early times after inhalation,
the peak level was not reached until after 100 days after inhalation.
These data suggest that there was a definite change in the nature of
the €38Pu0, particles at about 100 days after inhalation. Autoradio-
graphic anaiysis of the Pu in the lung revealed an increased number
of fragments beginning at about this time. These fragments were
somewhat larger than those observed by Fleisher and Raabe {1} in the
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in vitro "dissolution' of 239Pu02 particles stored dry for 3.75 years.
The fragments cbserved in their study were all less than about G nm

in diameter and hence could, in large part, be transferred directly
from lung to blood (6). A1l or most of the fragments observed as
single tracks in this study may be fragments larger than 10 nm in
diameter, or those fragmenis which cannot be directly translocated to
the systemic circulation {2,6). Thus, the fragmentation appears to
have caused increased Pu translocation because of increased surface
area {3) or direct translocation of extremely small particles into

the systemic circulation {6).

CONCLUSIONS

There was breakup of 238PuOg particles deposited by inhalation
in the lungs of Beagle dogs that resulted in less focal irradiation
of the lung and in increased translocation of plutonium from the lung
to other organs after about 100 days after exposure. This conciusion
has several implications for the assessment of hazards following in-
halation of 238PuQy. First, in experiments using inhaled 238Pudy,
data must be obtained over a long time period, preferably at lTeast 2
years after inhalation, to assess accurately the radiation dose to
Iung, liver and skeleton. 3econd, the increasing urinary excretion
of 238y with time following intake by inhalation must be cansidered
when using urinary excreta data to assess the quantity of material
present in lung following any inhalation incident, Third, because of
the differences in transiocation of Pu isotopes and the increased
dispersion of 23Bpy in the lung, 238Pu0y inhalation incidents must
not be evaluated using factors derived from 239pu0» studies or inci-
dents, Finally. the designation of organs at risk after inhalation
of 238Pu0y may require some reassessment.
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PROPOSED RETENTION HODEL FOR HUMAN INHALATION EXPOSURE TO “*!amo,
James A. Mewhinney, William C. Griffith and Bruce A. Muggenburg

Lovelace Inhalation Toxicology Research Institute, P.0. Box 5890,
Albuguergue, NM 87115, U.S.A.

Human exposures to quﬁm have been reported for four cases with
measurements of lung retention near the exposure time (1-3), and five
cases with long-term measurements of skeleton retention {4-6). These
data were used to evaluate a model of 241An dissolution and retention
developed using data from inhalation exposures of dogs to 241Am0;.

In several of the reports on human inhalation exposure, discrepancies
have been shown with predictions of the Task Group Lung Model (1,3,4).
The dissolution and retention model used in this paper takes into
account the effects of particle size, distribution of particle sizes,
and density of particles on Tung retention. It is shown that the
proposed dissolution and retention model is consistent with human
inhaiation exposures to 241am.

MATERIALS AND METHOODS

The dissolution and retention model was developed using data
from inhalation studies in Beagle dogs exposed to one of three sizes
of monodisperse aerosols (0.75, 1.5, and 3.0 um aerodynamic diameter)
or a polydisperse aerosol (1.8 um activity median aerodynamic diam-
eter) of 241pm0p (7). Animals were sacrificed in pairs from & to
730 days after inhalation exposure to determine the organ retention
and distribution patterns. Metabolic data from the studies using
monodisperse aerosois were used to evaluate the effect of particle
size on retention. Model parameters derived from the studies using
monodisperse aerosols were used for modeling the study using poly-
disperse aercsols with adjustments only being made for the rate of
mechanical clearance from lung to gastrointestinal tract. Model
parameters from the study using polydisperse aercsols in Beagle dogs
were compared with the human exposures in this paper.

The dissolution and retention model in Figure 1 described the
lung as consisting of three regions — the nasopharynx, tracheabron-
chial and pulmonary — each cleared by competing pathways of mechanical
clearance of particles to the gastrointestinal tract or disselution
and absorption into the general circulation. Dissolution and absorp-
tion was modeled as occurring through a dissolution pool and a com-
partment for the fraction of dissglved Z41Am bound locally to Tung
constituents. The tocally bound 241Am represents 241Am seen as a
diffuse distribution of single alpha tracts on autoradiographs of
Jung from the Beagle dog studies {7). Dissolution of the particles
was described by equations developed by Mercer (8} who assumed the

This research was performed under U.S. Department of Energy Contract
No. EY-76-C-04-1013 din facilities fully accredited by the American
Association for the Accreditation of Laboratory Animals.
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Figure 1. Dissalution and retention model for lung showing mechanical
clearance pathways on the left to the gastreointestinal tract and dis-
solution pathways (described by equations of Mercer (8)) on the right
from the 3 regions of lung to the dissolution pool. Other pathways
for skeleton, liver, kidney, and soft tissue were modeled as exchang-
ing witn the blood compartment.

rate of dissolution is proportional to surface area of deposited par-
ticles. These equations take into account the distribution of parti-
cle sizes, density of particles, and shape of particles. The disso-
lution and retention model forced a total materials balance and used
first order rate constants to describe transport, uptake and reten-
tion. In contrast, the Task Group Lung Model ysed by ICRP 30 (9)
describes the clearance of Tung as single exponential rates from
subpeols of the 3 regicns of the lung. Also in contrast to ICRP 30,
the model of retention in organs took inte account redistribution of
the absorbed Z41pm by representing the skeleton, liver, kidney, and
soft tissue as two compartments in series exchanging Zdlﬁm with the
general circulation.

RESULTS

Predictions of lung clearance by the dissoluticn and retention
made]l are shown for two particle sizes in Figure 2. Also shown are
four cases of human inhalation exposures with early Tung retention
data (1-3) and the Tung clearance of 241am as a Class W compound
predicted by ICRP 30. Figure 3 shows predicted uptake by skeletan
for three different Rartic1e sizes using the dissolution and reten-
tion model and for 23lam as a Class W compound predicted by ICRP 30
(9). In applying the ICRP 30 lung modei, it was assumed there was
no absorption from the nasophyaryngeal and tracheobronchial regions
since absorption from these regions appears to be Tow.

DESCUSSTON
As can be seen from Figure 2, the dissolution and retention

model can account four differences in early lung clearance observed in
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Figure 2. Comparison of early clearance from the lung for four human
exposure cases (1-3), predictions of the dissclution and retention
model, and predictions of ICRP 30 for Z2%1am as a Class W compound {9).
Lung retention is expressed as percent of the 4-day lung burden.
Predictions of the disselution and retention modei are for & 0.5 um
activity median aerodynamic diameter {AMAD} aerosol {dashed line) and
a 1.6 um AMAD aerosol {heavy solid line) with a geometric standard
deviation of 2 and density of 8 g/cm3.
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Figure 3. Predictions of skeletal uptake and retention frem the dis-

solution and retention model for three particle sizes (geometric stan-
dard deviation of 2 and den51t% of 8 g/cm3} compared with the predic-

tions of the ICRP 30 model of 241am as a Class W compound.

113



the human exposure cases by considering a range of activity median
aerodynamic diameters from 0.5 um to 1.6 wm. The surface area solu-
bi]itg rate constant was the same as that observed in dog studies (1.5
x 10" g/cmé/day) and in in vitro solubility studies of AmOp (7). The
particles were assumed to be spherical; however, this is not an es-
sential assumpticn since changing the shape factor for irregular par-
ticles will have the same effact as changing the median particle size
{8). Although characteristics of the aerosnls were not reported for
the human exposures, the parameters used to describe the aerosois in
the calculations are typical of aerosols characterized in industrial
facilities {10}.

Comparison of the dissolutfon and retention model predictions
with human inhalation exposure cases in which only long-term reten-
tion data were available for skeleton show reasonable agreement.

Some discrepancies exist between the calculated half times of skele-
ton retenticn in humans of 17 years (5), 2B years (5), and 100 vyears
{(4,6), and the dissclytion and retention model prediction of 10

years. These discrepancies probably occur because of a wide age

range in human expesure cases {6 years to adults) and because the data
used in developing the dissolution and retention model extends to

only 2 years after inhalation exposure, making prediction of the long-
term half-life in skeleton uncertain.

As shown in Figure 2, clearance of 241Am from lung for the human
exposgri cases was more rapid than predicted in the ICRP 20 model
with 241am as a Class W compound (9). The ICRP 30 model also fails
to predict the presence of a long-term retained fraction as chserved
in several of the human exposures {1,4,5,6). Figure 3 shows the ICRP
30 model underpredicts the Jong term skeletal burden by a factor of
2 because the fraction of 231pm absorbed from Tung is underpredicted
(4,7). Also the rate at which 2%1lam accumulates in skeleton is
undgrgredicted because [CRP 30 predicts a slower rate of absorption
of 241am from the Tung than was observed in the human exposures.
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TOXICITY OF INHALED 238

Puoz 11. BICLOGICAL EFFECTS IN BEAGLE DOGS
Bruce A. Muggenburg, James A. Mewhinney, Barbara §. Merickel,
Bruce B. Boecker, Fletcher F. Hahn, Raymond A. Guilmette, Joe L.
Mauderly and Roger 0. McClellan

Lovelace Inhataticn Toxicology Research Institute, P.0. Box 5890,
Albuguerque, NM 87115, U.S5.8.

Plutonium-238 is produced in nuctear reactors using 235U fuel.
It is used as a fuel for space nuclear auxillary power Units and as
a power source in cardiac pacemakers.

The most Tikely route of entry of 238py into the body during
many accidents is by inhalation. Becayse of its high specific activ-
ity, Tocal dose arcund particles of 238py can be high and the question
of homogeneous versus non-homogeneous dose to lung and its influence
on biotogical effects becomes important., To study that question, the
use of particles all of tne same size {monodisperse% is necassary.

Dogs serially sacrificed after inhalation of 238pu0; had a sig-
nificant amount of 238py translocated to bone. Similar findings with
significant numbers of bone turors were found in another study (2).

MATERIALS AND METHODS

Seventy-two, 1 year old Beagle dogs, 36 males and 36 females,
were given a singie, nose-only exposure to an aerosol of 1.5 um AD
particles and an additional 72 dogs were given an exposure to 3.0 um
AD particles of 238pu0,. Fach study had & desired activity levels:
0.56, 0.28, 0.14, 0.07, 0.03 and 0.01 wCi per kg body weight: 12 dogs
per activity level {Table 1}. An additional 24 control dogs were
exposed only to the aercsol generation solution. Methods for the
preparation of monadisperse aeroscls and for inhalation exposure of
dogs have been described {(1,3). The 238pu0s particles were tagged

TABLE 1. Experimental design.

Parameter 1.5 wm (AD) 3.0 am (AD)
Physical size, um 0.44 0.96
pCi per particle 4.9 51
Local dose rate, rads/day 280 3100
Number of particles, range 2x10% to 1x106 2x103 to 1x10%
Fracticn of lung irradiated 9x10-%4 to 5x10-¢ Bx10-5 to 5x10-3
Initial lung burdsn, nCi 100 to 5600 100 to 5600
Avg. lung dose rate, rads/day 0.3 to 15 0.3 to 15

This research was perforried under U.5. Department of Enerqgy Contract
No. EY-76-C-04-1013 in facilities fully accredited by the American
Association for the Accreditation of Laboratory Animals.
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with a gamma-emitting radionuctide, 169vh, Pperiodic whole-body
counts of the 169¥b tag were performed after exposure for the calcu-
tation of an initial lung burden {ILB}. Medical examination of the
dogs was daily observation, annual physical and radiographic exami-
nation, and semi-aznnual blood cell counts and serum chemistry tests.
Sick dogs were examined and tested to establish a diagnosis. A few
dogs.dieq from their illness but most were euthanized. A necropsy
examination was performed on all dogs and tissues were evaluated both
histclegically and radiometrically.

RESULTS

Initial lung burdens {ILB} ranged from 0.005 to 2.2 .Ci/kg and
0.008 to 2.2 vCi/kg for dogs exposed to 1.5 um AD and 3.0 um AD par-
ticles, respectively.

The first biological effect observed was a lymphopenia. It was
cbserved in all the dogs that died or were euthanized and oc¢curred
from 60 to 1200 days after exposure {90% of the dogs were diagnosed
within 180 days). A 60% incidence of leucopenia was also noted.

Radiation pneumonitis with pulmonary fibrosis was found in dogs
dying from 536 to 1213 days after exposure {Figures 1 and 2). The
disease was characterized by a progressive and restrictive pulmonary
disease. It was recognized clinically from 38 to 375 days before
death, except 2 dogs died suddenly. About 80% of the dogs dying
later with lung or bone tumors had histologic evidence of radiation
pneumenitis and fibrosis.

Lung tumors were the primary disease at death in 4 dogs dying
from 1107 to 1417 days after exposure {Figures 1 and 2)., The tumors
were in the peripheral portion of the lungs and were classified as
adenocarcinomas or bronchioloalveolar carcinomas. They were distri-
buted among all lung lobes and did not metastasize to organs outside
of the thoracic cavity.

Bone tumars were the primary disease in 24 dogs euthanized from
1125 to 1318 days after exposure {Table 1). These osteosarcomas were
located in the axial skeleton, pelvis or the proximal ends of the
humerus or femur and one in the tibia. Some tumors {20%} metasta-
sized to the lungs. Because these tumors caused paralysis or other
serious Tocomotor problems, the dogs were euthanized from 4 to 156
days after the first observed clinical signs. Because the dogs were
euthanized, suryival time was slightly underestimated.

DISCUSSICN

The initial lung burdens of 238Pu in these two studies represent
a continum of activity levels from very low to high levels. The dogs
were exposed to 238pyQy from 1200 to 2100 days ago and only dogs with
high lung burdens have shown biological response.

The earliest response, lymphopenta, was probably due to tDe
irradiation of lymphocytes as these passed through Fhe lung. The
Jeucopenia, which occurred later than the Tymphopenia, was possibly
retated to the accumuylation of plutonium in the endosteum and sub-
sequent irradiation of the bone marrow,

Radfation pneumonitis was the earliest cause of death. Seven
dogs died due to radiation pneumonitis and no additional deaths from
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this cause are expected. Beagle dogs that inhaled polydisperse aero-
sols of 238Pudy had similar results with deaths from radiation pneu-
monitis occurring out to 3 years after exposure {2}.

Lung tumors were observed beginning at 1107 days after exposure.
This was earlier than the time of appearance of Tung tumors with
polydisperse aerosols of 238PuQs in Beagle dogs {2}. A high inci-
dence of lung tumors was observed in rats exposed to 238pyls {4).

The tobar distribution of primary lung tumors has been random,

The leading cause of death in the 238py exposed dogs was osteo-
sarcomas. These tumors occurved a5 eairly as 1161 days after exposure.
In intravenous injection studies in Beagle dogs, osteosarcomas were
found at about the same time in dogs injected with ~ 1.0 uCi of
239Pu;’kg body weight (5). 1In that study, tumors doubled in size about
every 12 days. That suggested that tumors were initiated about 1.3
years before death. [n this study, ostecsarcomas appeared earlier
for a given dose than in the injection studies. This may be due to
the continuous dose to the bone surface from the continuous transto-
cation of Pu from Tung to bone. Bone tumors occurred somewhat later
in studies in Beagle dogs exposed to polydisperse 238pyQpn aerosols
{2}. Bone tumors were not observed in rats exposed to <38Puls poly-
disperse aerosols. This may reflect differences in the bone metabo-
1ism of plutonium between dogs and rats. In injection studies, the
sites of tumor formation {axial skeleton, pelvis and the proximal end
of the humerus) agreed with those in this study. These were found to
be areas with the higher trabecular bone turnover rates (5}.

No clear biglogical response differences are evident to date
between the dogs exposed to 1.5 um and 3.0 um particles of 238pud;.
So far, the lung and bone have been egual targets for response in
the dogs exposed to the 1.5 .m particles and bone the primary organ
in the dogs exposed to 3.0 um particles. This may be related to the
mere uniform radiation of the lung with the 10 times higher number of
1.5 ;m particles compared to the 3.0 .m particles. The average dose
to organs is comparable for the two particle sizes to 1500 days after
exposure {absorbed alpha dose to 1500 days: lung, 700 rads, liver 230
rads, skeleton 100 rads}.

The development of dose-response curves based on local dose as
well as total organ dose is expected as this study continues. 0b-
servation of each surviving dog will continue with particular concern
for late effects at low dose levels.
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THZ AZCURACY Cr A BCUTTNE PLUTONINM Ik LUNG ASSESSEMENT FROGIAMNE
Ternis Hamaden

i

dtemie Erergy Zstablishrent, Winfrith, Jerset, J%

Systems [or the detzclicrn of the redioisoioges of the lrarguranic
n%ts in the numan lung bave heen developed in several laboratories
eystoms fave besn in use Jur lneldent assessuent gipce Lne eariy
Jaetifiable zriticigm cgeinst the ase of such ays—
tems for routine zsaessment programces 1n that the mirimur detcctab.e
axtivity {MDA! for ¢ piutoriuz 239 is sucn tnatl any routine prop-
rameg, ab vthe vest will produce arbiguous resu'ts and at the worsti nay
te positively nisieading. This short paper, by presenting a summary
of our recullne prograrnes over the past few years shows thatl weaning-
i1 econclusicns gan te made for the technologicaly impertant cases of
reacteor g“JMe plutorium with Mlis of Le s *nan & nli of alphy emiiters

4

Lo deccrsirate thet weaningful corclusicens

rosy subjecls Ir the case of pare plutcnium 235

clo

There

THE BYSTRME

Fregent sysiems for the assezsmant of frsoluble ﬁa“u_uh]atos of
:lutonJuE in %ne lung rely on the detection of soft X-rays (3 17 keV)
extorzal to the chest usirg phoswich detecctors and proporiio Pﬂl coun-
tors, Zucn systens bave becn doscerlibed by several authors and will
rct be redetaiied here.

SUUECES OF KRACE

tfor a measureznent on a gpecific individual the stalistical coun-—
ting errcrs can be agsessed together with the errors in preodicting
sunject bacxgrourd and & ecalibration error, The sources of error
and trelr approximate nagniiudes are iisted in lable 1,

Calibraticr error is not usually irncluded in tre overa .l assegsed
error aud 1ts relative inportance (~320%) has bveen discussed elscwhere
and w2 ll not bo expanded hers. Tor a 'standard oan'* a typiecal sian-
dard deviation for pure plulenium 239 in the ung would he
approximate.y i4.% nll giving an MDA of 29 nli or a 2 ¢ criterion.

The use of single valued M3As for such work is misieading as they
depend eritically on the subjecl's body @ize and a range of values
between 4 n0l and 20C i is more inlustrative,

An witocrnative approach is te study the distriviticn of 'obser-
vod! lung contents in several populations, Tk:is apzrosch is
followed hore

POTUTLATTIN OF “HGRMALEY

& population of e radfatior werkers with no histery of
plutcnium Work was studied te ersure thal we would resurm nil lung

cortena for such a graur. The distri“ut:cn of exceas counts {obser—
ved — prodicted) was roroal with a mean of -0,01 cpm and a s'landard

deviation of (.72 cpo. The 'gtardard! oer calibraticn Zg %% cpm/uCi
plutoriun 239 in ihe Wirfrith asysten, is the stardard deviation of
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TAGLE 1. Sources of Irror (eprroximate values Ffor Standard Man#)

Scurce of Error 21239 equivalent i

!

1. Counting statigtics 11 il |

2. Babjecet background 5 nii ;
3. Body buiid correction 20%

*¥'Standard' marn, approximates tc ICRP stardard men -
a chest waoll thickness of 25 mm is checsen.

this group woulid te approxirately 13 nli Pul39 equivalent. For highk
burn up plutcriurs (see belew) the calibratior fipure ig of the order
of 250 epe/uCi alpha, pglving a standard deviation for such a grewp of
approxinately 3 nCi.

TSCTOPIC CCMIPOSITICH COF FUELE

Flutonium, as a petentinl nuciear fue., s cherically extracted
from high burn ap uranium fuels whon there are appreclable guantities
(by weight) of whe higher plutenium isotopes PuZil, Pulil, Puliz,
When the mixtare is expressed in terma of alphka activity, cr X-ray
aclivity, there are miso appreciable arounts of Pul3€ and Am247.

The X-ray/alphn erission of suck fuels are ugually cf the order
of 0.1 {cf Pu239 nt C.045) with Am241 alpha contentg cf between 2% and
8%. There are three rain advantiages in assessing such zixtures com-
pared with the cese of pure plutonium Z39.

J  The increase of specific X-ray omission.

The indeperdent assessoent o7 Anéil vie its 60 xeV gamma raw
The contritution of degraded €0 keV radiations in the 37

keV tcand.

Poin% (¢} may need a 11itre mupilification. Fig 1 shows the
absorpiion curves of ap Ao?41 izpregrated lurg in a realistic chest
prantom viih ouscle sguivaient overlyinpg tissus.

The 6C keV band shows the cxponeniial abtsorption characteristic
of that energy bub the 17 keV band has & two cocponent striacture;
vhat of true abscrption (see the Pu2j8 line) and that of degraded 6
keV radimtions. Thus for {uel with an apprecilable 4m241 conten:
there is an adiiticnal component In the 17 keV bhand vhich is rct as
readily absorbed as btrue 17 keV X-rays. For cbese subjects this
conpornent, predominates when the ArZ471 zontents are above 5% by a'pha
and hence reduces the large predicted errors orn such sutjects (sec
below). Table 2 lists typiecal values of =ystem responses for three
subjects of differing body size.

ALl the above argumen<t presuces a knowledpe of the isctopiec com-
positicn and slso essumes thal A-241 will behave In the lurg with ihe
same characteristics as the plutonium pariicuiate, The latter pocint
is certalniy rot true if eisher the material is solubillized in the
lung or if tkere nas been & long time lapse sirce intake (years;.

RESTLTS
(a) A populaticn cof 448 plutonium workers is shown ln Fig 2. The
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igcropic composition is anknown and is taken ss pure vintonium 239,
The reszlts are expresseﬁ irn piGi TuZig.

The standard deviation of the populatlion ait 15.7 nll is compar-
abie with tha' of a singlie measurement cn a siandard man. Tor any
individual il would he obviously urwige to deduce the prosence or
avgence of piutonium ail levels telow & MFLD (8 nli) although repeat
meagurements and preobabllity anslysis can help. Conclusions can pe
drawrn as to trhe status of the whole group. FTig 2 alsc splits this
data 1n Lwo groups — one of tody bLuild thlnner than the stardard macn
(o ~i.5 nCl} ard one greup more cbese tham the standard man (o 21
niit.

We can now draw conelusicns a5 toe the status of the individuals
witiln Group A using 9 oli as & crude imvestigatlon level.  Group B
stil! preseris problems as Lc whelher specific individuals de¢ ccntain
plutcnium and thess irdividuals rust be studied by bioassay, via urine

and fascal szmples. Some guldarce may be obralned from Am2:1 In lung
contants wnich is always ressured simultaneously with the plutenium in
lung asssssment. The zean Am2il lung contenits fer subjects in Group

B was 0.04 nCi with a standard deviatlon of 0.10 nCi.
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(L) A populaticn cf 230 pluuonium werkers where the isotopic coaposi-
tion, a:trcugh variable, was krowr ard w2s of kigh burn up is elso

summarised oy Fig 2. The stardard deviation of the group is now only
3.6 nCi. Jor such a group one can deduce Lhe presence of plutonium

with better than 6% confiderce at the & nCi level, Jecause of thke
relatively high Am2il cortente there is no lenger the large difference
vetween body builds.

CCUCLUSICHS

If the Isctopic compesltlion of the plutonium is knewn arnd if this
is of high burr up, a routine pluterium lung assesscend progranne car
be used with MDA below 8 rli alpha sctiviuy in lung. Such a crogracme
in eenjuretion with routine tiloasszy and a defined precedure of
monltor‘qg after suspuesed incidents {1) is thke tasis of the Winfrizh
internal dosiretry systerm.

If *the isctopins cecpeosition is not xnown, and cannct be "brac-
keted", ery routinc progrecme is o more doubtful use. Iv car be used
to confirm the status of 2 group as a whole arnd can be used for indiv-
iduala of a aubgroup thinner than standard rmarn with arn approximste MOA

of 9 nfi Pad3g, Tor the more obege individual, the Zimitations of
direct lung meritoring with ne pricr knowledge of the lsotople compo-
sition of the contapninant, are saily ouvious. For guck indlviduals,

decisions as toc Lnelr 'pluterium' stalus are still predominantly hased
on biolcgical momitoring.

Anmy  subkject who, ag a result of & routlne lung count, glives in-
dica®ions that plutcrium may te rresent in the ckhest region Is remoni-
tored. 5 wiole nistery is re-exacined together with personsl air
sampling ans tiological meritering results. Tt is on a corbinetioan of
all such methods that a ceornelusiorn as to his plitoniur "status' is made.

RFFERZENGZS

(1, HKIMSDEN D, (12761, 'Lia
radlonaclldes'. LAEA

nosis end Treatment of incorporated
Yienna, pl33.
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RETENTION AND EFFECTS OF 2°0py IN THE TREE SHREW (TUPAIA BELANGERI)

A Seidel, R.M. F]Ugel+, D. Komitowski®t and G. Darai”

Kernforschungszentrur Karlsruhe, Institut flr Genetik und fir
Tax ikologie von Spaltstoffen, Postfach 3840, D 7500 Karlsruhe 1,
Federal Republic of Germany

FInstitut fur Virusfurschung und institut fur txp. Pathologie,
Neutsches Krebsforschungszentrun, “Institut fiir Mediziniscre Virologie
der Universitdt, [ 6900 Heidelberg, Federal Republic of Germany

For the improvement of the evaluation of risk to man condiser-
ably more information on the metabolism and e ffects of Pu-239 is
needed in prinates. The tree shrew (Tupaia belangeri) is censidered
to be the nost primate-1ike non-primate or the mest primitive of the
living primates (e.g. 1). They are as small as rats, relatively easy
to breed ard maintain and can live from 8 to 14 years. One of the
airs of this pilet study is to ccmpare the retention of Pu-?39 in
tupaias with that in rodents and larger primates in order to evaluate
the usefulness of tupatas for toxicolcogical studies.

METHODS

The anirmals used weve 19 female tree shrews, 5-18 monins old,
{150-200 g) from the breeding stock of the [nstitute for Aninal
Physiclogy, University of Bayreuth. Plutonium-239 citrate {The Radio-
ckemical Centre, Amerham, UK}, 0.5 uli/kg, in essentially monomeric
form was injected intramuscutarly. The animals were sacrificed at the
time interva’s indicated in Fig. 1. The radiocactivity remaining at
the injecticn site and in the organs was determined by liguid scin-
tiflation counting {2). The distribution of tke nuclide within the
different parts of the skeleton was also measured, Thus, the data
given in Fig. 1 for skeleton were not calculated from the activity
in the femur but represent measured data for the whole skeleton,

The data in Fig. 1 are expressed as a percertace of the cdose absorbed
‘rom the injecticn site up to the time of sacrifice. The weight of
the arimals was followed continuously and the organs were cerefully
inspected at sacrifice. Sections for histological examination were
prepared and hematological and chemical tests with blood were per-
forned by routine methods.

Cells from different organs {(muscle, kidney, spleen, thymus, and
blood lTeukccytes) were established in tissue culture as described
previously. The cell-free superratants from these cultures were
assayed for reverse transcriptase as indication for the expression
of refroviruses as described previocusly {3).
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Figure 1. Retention of i.m. injected Fu-239 in tupaia belangeri
{tree shrew). Each point represents one animal. Ootted lines are from
rats {4}.

RESULTS AND DISCUSSION

The retention of Pu-239 at the injection site decreased from
~ 16 % at day & to ~ b % at day 83, this value rerained virtually
constant thereatter. Tre retention in the organs is shown in Fig. 1,
in which the corresponding wetention functions far rats (4} are
represented as dotted lines. As can be seen, the initial deposition
in skeleten and liver is not very different from the well known
picture in rats. The half 1ife in tupaia skeleton is somewhat longer
(one year as compared to 215 days) which may be due to the different
biological age of the skeleton at the time of injection. Durirg the
first year, the eliminaticn of Pu-239 from the liwver can be described
by a single exponential with a half life of 150 days, wheveas ~ /B %
of the initially deposited nuclide are eliminated from tne rat liver
with a half 1ife of < 10 days. Initial deposition in the kidneys is
much higher than in rats but the elimination rates are similar.
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Figure 2. Retention of Pu-239 in differcnt bones of the tupaia
(tree shrew) skeleton expressed as a fraclion of Pu-239 in total
skeleton, Triangles are data from rats for Am-Z241 (5)}.

The retention in four bones is presented in Fig. 2 which also shows
data for rats given Am-241 {5}, {data for Pu-239 were not available}.
The fraction deposited in the different bones remained constant
during the first year after injection, indicating a low rate of bone
remodelling. The factor for calculating tetal Pu-239 in skeleton
from activity in one fenur was ?27.

ho statistically significant change in weight and ng gross signs
of toxicity were observed during the first year, except for one
animal, which died for unknown reasons. No macroscopic or histological
charges “n the organs have beer observed [till d 231} . Hemog). hemato-
crit and erythrocyte counts remained normal. There was a rise of
glutamate-pyruvate- and oxalate-transaminase as well as of alxaline



phasphatase in the three animals sacrificed at day 376. A total of
36 different cell cultures (from nine animals) were tesied and found
to be negative for retroviruses.

This study provides further information to suggest that the
retention of plutonium in rat Tiver is excepticnally short when
compared to other animal species, hamster, primate, dog. However, 1¥
the tupaia is also regarded as a lower primate, the rate of elimina-
tion of transuranium elements by sub-human rimates tested so far
ig &ti11 much faster than that nredicted for himan liver (re‘F: in
6,7). These findings strenghten our view that the realistic assess-
ment of the risks to man from deoosited transuranium elements must
be based on a c¢lear understanding of the binochemical mechznisms
underlying the deposition and eliminaticn of these elements in
varigus animal species including man.
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THE EFFECT OF OXIDATION STATE ON THE ABSORPTION OF INGESTED OR
INHALED PLUTONIUM

Maurice F. Sullivan, Linda S. Gorham and Jack L. Ryan

Departments of Biology and Huclear Fuel Cycle Chemistry
Pacific Northwest Laboratory, Richland, WA 99352

Ltarsen and Qldham found that chlorine, at the concentratians
tound in municiple water supplies, can oxidize quadrivalent piutonium
to its hexavalent state (1). Sirce studies in this Taboratory had
shown one thousand times more “3%Pu{V1) was absorbed than 73%pu(IV}
(2), they suggested that the maximum permissible cencentrations
(MPC), apparently based on data from Pu{IV), should be lowered.

Qur initial experiments performed with 238pu(VI) nitrate did not
support those eariier results. This suggested that the conditions of
fasting and oxidation used in those studies may have been respon-
sible. Absorption of plutonium either by gavage or inhalaticn was
compared in fasting and nonfasting rats to determine if the intes-
tinal contents influence absorption of plutonium that was injected
intragastrically or swallowed as a result of clearance from the
lungs.

METHODS AND MATERIALS

Wistar female rats weighing about 200 g received plutonium
nitrate {pH2)} by gavage or by nose-only exposure from a nitric acid
aercsol generated by a Lovelace nebulizer (3). Fasted rats were
deprived of food 18 hours before Pu gavage and for 72 hours following
it. Animals exposed by inhalation were fasted either before, or both
before and after treatment with Pu. Excreta was collected daily from
yavaged rats for four days.

A1 animals were killed five days after treatment. Femurs were
removed from all animals and the total skeletons analyzed from many
with which a femur factor was derived to determine total bone Pu
content. The skin and GI tracts were discarded. Carcass values were
determined by a summation of bone and soft tissue, excluding the
tiver and Tung values. High lung values in gavaged animals indicated
poor injections and the data from these animals was rejected.

The “3%pu was purified by anion exchange oh a Dowex MSA-1 resin
and oxidized to its hexavalent state by passing a stream of 05, 05
and Ar through a 0.4M HNO,; solution for six hours. It was shown fc
be 100%4 2#9Py({¥1} by spectrophotometric analysis. Solutions that
included the holding oxident K Cr,0; were made 0.015 M by dilution,.
Gavaged animals received 1.0 m] of a solution containing 0.5 mg
?23py, 97% of which was filterable through a 0.01 um filter at the
time of treatment. The dose administered by gavage was 30 -Ci and by
inhatlation 5 uCi.

Plutonium was analyzed by a modification of the Keough and
Powers method (4). Carbon-free aliguots in mixture of 1.0% boric
acid were mixed in a scintitlation solution containing 1,4 bis-2-

[5 phenyloxazolyl] benzene, 2,5,-diphenyloxazole {PP0O}, Triton X-100
toluene and water.
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RESULTS

The data cbtaimed by Weeks et al (2) after intragastric adminis-
tration of 22%py{v1) are shown in Figure 1 along with data that we
obtained simulating conditions used by those investigators. COther

n |
Pl . ;L_‘ EE
i‘| ﬁj;.-

Figure 1. Absorption of 73%Pu({VI) by fasted and unfasted rats after
intragastric administration of 2%%Pu nitrate.

groups are included %to show the effect that ad [ibitum feeding and an
absence of the heolding oxident, K;Cr,0, had on 2%9Pu absorption from
the GI tract. The fasting period lasted from 18 hours before gavage
until 72 hours thereafter. O0Our absorption data under those condi-
tigns amounted to about half that of Weeks, possibly because their
solutions were more acid, pH 1 versus pH 2, and their K;Cr;Q, may
have been more concentrated. Feeding reduced absorption 18-feld and
the combination of feeding and elimination of dichromate from the
solution reduced it about 26-fold.

Resylts obtained by exposing groups of rats to aerosels of
either 739py{Iv} or ?72pu(V¥1) (Figure 2) indicate that there was
increased retention ¢f plutonium after exposure to 72SPu{V1} in
comparison to 23°PFy(IV}. The absence of food either befare, or both
before and after the inhalation exposure had no effect on the amount
of <3%py retained by the liver and carcass.

DISCUSSION

Plutonium in its hexavalent state may under certain conditions
be more readily absorbed frem the Gl tract. However, the experi-
mental conditions in which increased uptake occurred, i.e. fasting
for 90 hr, high acidity (pH 1-2) and a desc of 130 uCi/kg, are
unlikely to occur in human exposure. The oxidation state may also
influence absorption after inhalation because of the large fraction
entering the bowel as a result of swallowing Pu cleared from the



Figure 2. Retention of 23%Py by fasted and unfasted rats after
inhalation of either 239py(IV) or ?3%Pu(VI} nitrate.

lung. Although the Pu dose inhaled was lower than the dose gavaged
(25 uCifkg) some of it probably entered the stomach in its hexavatent
state. Absorption from the GI tract was not higher than when
73%p(IV) was inhaled, even when the intestinal contents were
depleted by fasting. The absence of an effect of food deprivation
suggests that the increased absorption of plutonium was due to trans-
Tocation of Z3%Pu(VI) from the lung and not to an increase in trans-
port across the GI tract.

This data support the observation made in the gavage studies
that the MPC for drinking water, apparently based on the absorption
of Pu{IV}, s adeguate for Pu{V¥I} ingestion in guantities that may be
expected in the environment. Absorption of Pu(¥I} from the lung,
however, is higher than that of Pu{IV).
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PULMONARY CARCINOGENESIS FROM PLUTCNIUM-CONTAINING PARTTCLES

Rebert G. Thomas, David M. Smith, and Ernest C. Anderson

Life Sciences Division, University of California, Los Alamos
Selentific Laberatory, Los Alamos, New Mexico, U.5.A.

The potential pulmeonary effects of inhaied plutonium nave been
summarized in recent years {1,2) and the need for further animal
research has been emphasized. The results presented here are the
outgrowth of an effort to assess the tumorigenesis of focal
plutonium scurczes in the Syrian hamster respiratory tract (3,4).
Because localized radiation (hot spots) in bone was known to be more
tumerigenic than diffuse radiation, 1t was thoughi that this same
phencmenen may prevail in the lung tissue. Based primarily upon
studies With beta irradiation of tne skin {5} models were develcoped
as guidelines Ffor our "hot particle” research.

MATEAIALS AND METHODES

Toe create well-controlled plutonium sources localized in
specific numbers in the Syrian hamster lung it was decided te use
the intravencus (I¥) route of administration. Ceramic spherical
particles of zirconium dioxide were manufactured such that fixed
small amounts of pluterium cculd be homogenecusly incorporated in
then, to contrel the strength of each particle's radiation field
{0). Twe particles were uniformly 30 um in diameter (6) and were
injected into the jugular vein (7}, after which they lodge in the
lung capillary bed. A *'Co tag was alsoc added 8¢ that retention
characteristics could be determined through periodic whole-Dody
counting.

The aerasel particles for inhalatien (INH) atudies were of two
different chemistries. In the earlier work it was decided to
nebulize a mixture of tne Zrd_, scl used ia the hot particle
miorosphere manufacture; into the scl was inccrporated the desired
amounts of ?'*py or ??'Pu and 7Co. The scl was nebulized {8) and
the drceplets passed through a heating column at «» QODOC. The
animals were exposed in a nose-only setup (9). The resulting
aerosol was polydispersed with a aerodynamic mass median diameter of
+ 1.8 um and a geomotric standard deviation of « 1.8. The second
type of aercsol was from plutonium dioxide generated in a similar
Fashion, but the starting material was a suspension of #39puC, in
distilled water. The aeroscl samples for analysis were coliected
with cascade impactors (10} or electrostatic precipitators {(11).

The Eyrian hamsters were allowed to 1ive out their lifespan
and were sacrificed only when moribund. They were necropsied as
spon as feasible, and routine gross and microscopic pathological
examinations were performed {12, 13).
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RESULT3

Data on the tumor incidences in all three {IV and INH) studies
are presented in Tables 1-32, The histology slides for the Pud
studies have not been completeliy read so the available results only
are presented in Table 2., The types of tumors are indicated in
Tables 2 and 3, primariiy %o show the ratios of adencmas to
adencrarcinomas.

TABLE 1. Pulmonary necplasm incidence following intravencus
injection of micreospreres in Syrian hamsters

No. of Fraction Lung
Spheres Lung of Lung Tumor
Per Burden No. of Irradiated No. of Incidence
Hamater {rCi) Hamsters (%3 Tumors ($)
CONTRCL a 521 0 3 Q.6
2360 140 68 7 8 0
10 900 97 7 5 0 g
58 800 120 160 28 19 12
3It2 000 130 25 80 2 B

TABLE 2. Pulmonary neoplasm incidence following inhalation cof
Pu-2rQ, aercsol partilcles by Syrian hacsters

2
Initial
Lung Tumor Squamous
Burden No. Of Incidence Adeno- Cell
{nCi) Hamsters {3} Adenoma Larcingma QLarcinoma
G 1hh 0.7 1 4] 0
] 4o 5 2 i+ §
8 43 12 5 4] 0
76 50 28 11 3] 0
B7 50 4oy 12 8 0
101 by 50 10 g 3
DISCUSSION

It is obvious that plutonium alpha irradiaticon distributed
focally is not tumorigenic {(Table 1). When less than 5% of the
pulmorary tissue receives the radiation dose, there are no observed
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tumors at death. More diffuse irradiation does lead to the
formation of tumors.

TABLE 3. Pulmonary neoplasm incidence following inhalation of PuO2
aerasol particles by Syrian hamsters

Initial Fraction Slides Read*

Lung Tumor Yndiffer-
Burden No. of incidence Adeno- entiaterd
{(nct) Hamsters (1) Adenoma Carcingma Tumgrst#

0 50 0 0 0 4]

40 63 4 1723 3] 3]

96 B6 13 6/54 3] 1/54

110 60 7 1746 1/46 /L6

Tah 65 16 T/49 1/49 g

® 111 znimals in this study have not been processed; hence, the
incidences are based upon Tewer than the total exposed in each
group.

#% Carcinomas and Sarcomas

Inhalation studies are much more productive in the induction
of lung tumors, as shown in Table 2. A trend of increased turor
ircidence with increasing initial lung burden is obvious. There is
also an apparent trend from adencma induction to more invasive types
of tumor, with increasirg initial Iung burden. The same dosage-
incidence trend may be fortheoming in the PuQ, studiea (Table 3},
but more data await aralysis. A currently unéxpiained effect is the
apparentiy greater tumor yield produced by Pu-Zr0, compared to Pul,.
Averaging the last 3 dose groups of the latter gives 12 * 3% tumors
from a mean lung burden of 117 nCi while averaging the last 2 dose
groups of the Pu-Zr0, aerosol gives 45 * 6% from 94 nfCi. Particle
size and residence time do not aceount for any difference,

SUMMARY

Plutonium administered as an alpha radiation scurce to the
respiratory tracts of Syrian hamsters has resulted in various
ingideraes of neoplazia. Adencmas are the primery Zung tumor
observed, but adenocarcinomas are also prevalent.
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SUBCELLULAR DISTRIBUTION OF 23%py IN THE LIVER OF RAT, MOUSE, SYRIAN

AND CHINESE HAMSTER

R. Winter and A. Seidel

Kernforschungszentrum Karlsruhe, Institut fiir Genetik und fur
Toxikologie von Spaitstoffen, Postfach 3640, D 7500 Karlsruhe 1,
Federal Republic of Germany

It is well known that the biolegical half life of transuranium
elements in the liver of mammalian species varies from a few days to
many years {ref. s.1}. Hcwever, the reasons for these differences
are unknown. The aim of our studies is to elucidate the biochemical
mechanisms responsible for these species differences as a part of our
attempt to improve risk estimation following incorporation ¢f trans-
uranium elements <intco man through a profound understanding of the
bivchemistry of these elements. We have chosen rats and mice as
models for a short and two hamster species as models for a Tong
biotogical half 1ife of Pu-239 in liver.

METHODS

The animals used were adult females of the following strains:
Rats (Heiligenberg strain), mice {NMRI), Syrian hamsters (commercial
strain) and Chinese hamsters {Breeding stock of Institute for Zoology,
Darmstadt). Radiochemically pure Pu-239~ and Fe-59-citrate injection
solutions were injected i.v. {5-10 uCi/kg Pu-239, 50 - several
hundred uCi/kg Fe-58). On the sixth day 750 mg/ko of the non-ionic
detergent Triton WR1339 were given i.p. and sacrifice took place on
the tenth day. Triton WR1339 causea a shift of the density of the
lysosomes from ~ 1.2 to ~ 1.1 g/cm” and any Tysosomally-associated
material can be recognized by a parallel shift. Control animals
received 0.9 % NaCl. After differential centrifugation of liver
homogenates, a fraction designated MLP was obtained, which contained
most of the formed cell elements except the nuclei. Aliquots of this
MLP fraction were centrifuged in a 1inear sucrose density gradient
for 4 or 16 hours at BB 000 av. g. Radivactivity and marker enzymes
{s. Figures) were determined in all fractions obtained after isopycnic
centrifugation. Details of the methods are described elsewhere (2}.

RESULTS AND DISCUSSION

The MLP fraction contained more then three quarters of the total
cellular radioactivity. The results obtained by isopycnic centrifuga-
tion of that fraction are shown in Figs. 1 and 2. Certain results
are common to all species: The extent to which the profile of the
iysosomal marker, acid phosphatase, is shifted to light densities by
injecting Triton WR1339 is very similar. The profile of glutamate
dehydrogenase {mitschondria) s not infTuenced by Triton WR1339 and
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data for controls and treated animals could be combined. On the cther
hand, tne Pu-profiles are considerably broader and the fraction which
is unequivocally shifred is considerably smaller in both hamster
species as compared to rats and mice (upoer row of Figures). In
Chinese hamsters, the peaks of Pu-239 and acid phospratase after
Triton treatyent are not even cengruent; a distinct snoulder at

g~ 1.5 g/cmis visible in the Pu grofile for Triton treated Syrian
hamsiers. With a centrifugation time of 16 instead of 4 hours {lower
row of Tigures) the profiles of the marker enzymes wemain at wirtu-
ally the same density. Again clear discrepancies between the Pu-
arofiles of the varicus species occur. In rats, and to a lesser
degree also in mice, & second peak develops at the same density at
which Fe-39 ecuilibrates. Tne profile for Pu irn Chinese hamsters
becomes unimodal with a peak azt ~ 1.5, where a minimum exists in the
corresponding profile for rats. The clear retationship to the Fe-
profile seen in ratzs was not observed in Chinese hamsters. At this
ooint it should be mentioned that we have seen only minor, or even
ro, differences 2etween the Fe-profiles from control or treated
animals, which, therefore, couid te combired for presentaticn., There
is np reason to assume any importarn® association of Pu with plasma
membranes, represented by 5'-nucteotidase, in rats, mice and Syrian
hamsters. However, the role of the plasma membrane needs to be
clarified by further experiments, especially in Chinese hamsters.

[f the parallelism between the shift of Pu-239 and acid nhos-
ohatase is taken as a measure for the extent of lysosomal binding,
there is clear evidence for association with these orgarelles for
rats, mice and to some degree, also for Syrian ramsters. However,
the data Tor Chirese hamsters are equivocal, at least at fhe ienth
day, ard it iz possible that neitner lysosomes nor iren-pinding
proteins are major sites of fixaticn in this species. It is interest-
ing to note that the indications for lyscsomal associaticn are ure-
quivocal in both rats and mice, tne species with rapid Pu elimina-
ticn, whereas these grganelles appear to become less important in the
species with longer reZenticn, Syrian and especially Chirese hamster,
However, inyestigations of the changes with time in the subceilular
distribution and on the exact wature of the binding comporerts for
Pu-239 in the tivers of all species, but especially of Chinese
hemsters, arve needed before further conclusions carn be drawn.
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EUROPEAN INTERLABCRATORY TEST PROGRAMME FOR LUMINESCENCE DOSEMETER
SYSTEMS USED IN ENVIRONMENTAL MONITCRING

B. Burgkhardt, E. Piesch and H. Seguin

Karlsruhe Nuclear Research Center and Commission of the Curopean
Communities Luxembourg

INTROOUCTION

A necessary task in tne field of environmental monitoring is the
measurement of smalil doses in the range of the natural radiation le-
vel. In contrast to personal dosimetry, the demands ptaced on the ap-
plication of TLD systems in environmental monitoring inciude longterm
exposure periods, high accuracy of dose measurement, low fading and
Tong-term reproducibiltity.

With respect to the high accuracy of dose reading there is a
need to establish the dosimetric properties of each dosemeter system
applied in the laboratory. This was the reason that an interlabora-
tory test programme for TLD and RPL was prepared which command the
same kind of experiments for all participants. Laboratories with long-
term experience in personnel monitoring participated at the first ex-
periment Z12. In tne European intercorparison programme of dosemeter
systems for environmental monitoring 1978/79 more than 17 Jaborato-
ries participated with 45 dosemeter systems.

The results of the intercomparison programne allows to compare
the dosimetric properties of different dosemeter systems applied to-
day in personnel and environmental monitoring and reflects more or
tess the actual state of the art.

STANDARD TEST PROGRAMME

The dosimetric properties of a dosemeter system are given by the
selected combination of reader, detector and read-out procedure, Dif-
ferences in the dosimetric properties of the systems resulted from
- the type of reader and the individual properties of the photo-

muitiplier comporent in the reader,

- the dosemeter material, the activator, the matrix material, the
form, thickness and mounting of the detector, as well as the histo-
ry of the batch,

- the read-out procedure, in particular the heating cycle and the
maximurl heating temperature which have been selected,

- the thermal treatment of the detector prior to measurement (pre-
heating) or the thermal freatment used prior to re-use {annealing}.

Any change in the above-mentioned parameters can change the do-
simetric properties of the entire system. Even when reader types, de-
tectors and read-oput methode are identical desemeter systems can dif-
fer in sensitivity up to a factor of 40, and in zero dose reading up
to a factor of 10.

The basic experiments of the standard test programme includes
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the examinaticon of the following quantities

- the dark current reading g and the zero dose reading oy defined as
the dose reading during read-out without dosemeter or with the unir-
radiated dosemeter, respectively,

- the dose at the lower detection 1imit D pi c¢efinded as three times
the standard deviation (3s-value)of ay,

- the relative standard deviation (D) as a function of exposure, in
a range ¢f 1x to 1000xD gL

- the unifoemity of tha detector sensitivity within a hatch,

- the iong-term stability of the dosemeter system durinng ten days,

- the long-term change in the zero dose reading o,

- long-term change of dose reading duc to fading during a ten days
storage at 70°C.

For all characteristic quantities to be examined, the test pro-

gramme provides measurement runs to be carried out with a batch of

10 dosemeters, taking 10 reading for each dosemeter ar repeating the

measurement cycle ten times {e.g. Annealing, pre-heating, read-out,

irradiation). Bearirg in mind the objective of obtaining comparable

results, the relevant dose range has been related to a multiple of

the Tower detection Timit Dy pp of the individual dosemeter system.

With respect to the interpretation of the results the reader type

and the consecutive system number of all systems participating in the

intercomparison are presented in Table 1. More data will be published

Lz 1.

RESULTS

The frequenty distribution of the batch uniformity presented in
Fig. 1 shows that the detector response of most of the TLD batches
scatters by more than 23%. A higher rearoducibility of dose measure-
ment can be expected only on the bases of a calibration exposure in
order to establish the individual respcnse of each TLO detectar,

Fig. 2 shows the mean value of the zero dose reading {agt+y,} and
3s-value of zero dose reading-oy for the different dosemeter systems.
In practice the value {ag+oy) is found to be the dose reading contri-
bution in mR which wiil be subtracted from the dose reading. Most of

Table 1: Reader types

a . .
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Fig. 2 Zero dose reading of TLD systems {No of system)

the LiF systems show {ag+ay) values between 3 .ad 10 mR, CaFp doseme-
ter systems in the order of 1 mR compared to Cad0y dosemeters between
0.08 and 0.2 mR,

Taking into account the individual response of each detector or
a batch calibration the reproducibility of dose reading is presented
in the Fig. 3 for an exposure to 30 mR -which is approximately the
half-value of the annual dose from the natural radiation background-
and for an exposure to 100 x D p.

In the higher dose range the standard deviation (2s-value} of
most of the TLD systems has been found to be lower then +6%. With re-
spect to an application in environmental monitoring, on the other
hand, at 30 mR 9 different TLD systems show a reproduciblity of <4%,
one system better than 2% (25 value).

Due to the subtraction of the zeroc dose reading the relative
standard deviation is found to be high for low exposures. The relative
s-value decreases as a function of exposure reachirg a constant value
at higher exposures.

For LiF and Li2B407 systems a constant reproduciblity starts dn
the exposure range 10 mrem to 100 mrem, for CaS0, dosemeter systems
already for exposures between ! mrem to 10 mrem. A high sensitive do-
semeter system, on the other hand, is not a guarantee of high reprodu-
cibility in the dose range of 100 mrenm.

CONCLUSION

The main objective of the interlaboratory test programme is to
calibrate and establish a dosemeter system for an application in en-

vironmental monitoring. On the basis of an extended experimental pro-
gramme the standard test serves as a supplement to other calibration
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exposures or intercomparison experiments in the environment C31. The
results of the standard test programme should be a heip for each
participating laboratory in finding out whether the properties of the
dosemeter system result in a sufficient accuracy of dose reading and
fulfill the recommended figures given by national standards and regu-
lations [d4, 51.

The study has been sponsored by the Commission of the European

Communities.
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SIMULTANEQUS SENSITISATION AND RE-ESTIMATION IN THERMOLUMINESCENT LiF
M. W. Charles aad Z. U. Khant

Berkeley Nuclear Laboratories, CREGB, Berkeley Clos GL13 9PB, England
“Dept. of Medical Biophysics, Dundee University, DD1 4HN, Scotland
{on leave from the Pakistan Tnstitute of Nuclear Science and
Technology, Nilore, Hawalpindi)

There is a continuing need for thermoluminescent (TL)
phosphors of high sensitivity and approximate tissue equivalence
for a variety of dosimetry applications in radiological protection.
Lithium fluoride {TL} has bLeen widely used for many years but has
rejiatively low sensitivicy for some applications such as
environmental, skin and interface dosimetry. It is pessible however
to increase the sensitivity by a process of radiation sensitisation.

RADIATION SENSITISATION

It has been known for some time that if LiF is subjected to
radiation doses of approximately 1030y and a subsequent thermal
anneal {300°C for 1 hour for example} the sensitivity is iacreased
by a factor of up to six (1). Unfortunately this process of
radiation semsitisation produces a4 high residual hackground signal
which precludes its usc for low dose measurements, Mayhugh and
Fullerton {(2) suggested a modified procedure for sensitisation te
overcome this problem which involved an annealing procedure which
incorporated simultfanepous UV exposure and heat treatment. Their
study did not however conctain an analysis of the statistical
fluctuations in the remaining background, which dictates the mininum
detectable dose.

RE-ESTIMATION

In addition to the measurement of low doses it 1s often
desirable to be able to re-estimate (confirm) the measured dose,
perhaps because of Instrument malfunction or suspected over exposure
of personnel. Re—estimation involves the transfer of tighrly bound
trapped electrons, which remain after the initial read out, to the
less stable TL traps. This is normally achieved by subjecting the
phosphor to UV radiation, often at elevated temperatures. Bartlett
and Sendford {3) studied the re—estimation capability of scnsitised
LiF using both conventional and UV/thermal annealing procedures
and concluded that simultaneous sensitisation and re-estimation was
not pessible. Their data extended only to doses of 1Gy and used
iower UV intensities than in the study reported here. This paper
outlines and extends our previous studies of radiation sensitisation
and re-estimation (4, 5) and shows that the twoe processes are
definitely not Incompatible.



SIMULTANEOUS SENSITISATION AND RE-RESTIMATLION — THEORY AND PRACTICE

Tn an attempt teo understand the reasen for the affactlivencss
of UV/chermal anncaling orpeedures an absorption spectra study was
carried out using Harshaw ‘Li¥ chips (0.9 mm thick). Figure la
illustrares typica: spectra for chips which have recelved sensitising
ses of 2 x 1030y and then heen suhjected to couventicnal and Tv/

(: 14
thermal annealing. Follewing the cenventiconal anneal a broad
aksorption band remains at about 225 0w which a8 beoon  Esad

‘centre palr - a se-ca..oed 2 centre {A).  The
: vf this band toliowing the JV/thermal anneal is
quantitativeiy correlated with the reduction 10 bhackground which this
trestment srovides. The removal of this band is assocluted with
only a small reducrion in seasitisation, as peinted out alsc by
Stoebe and Watenabe (7). Seasitisaticn Is presumably associlated
witi: deep fraps which car only be observed hy absorption medsarerents
below 200 am.
Fipure b illustrates the changes In absorptlion spectra
which taxe place follewing re—estimation. Afrer an ilnitial read out
Ltne %3 band (Mg ** —F ) a: about 310 nm {s considerably reduced.
Faollowlag Te-vstimation these centres are repopulated at the
expense of ", and possibly Zy, ventres.
Since the radiation sensitlisatlon :

md UV re—estimation are
e two processes should
be mutuaily compatible. Flgure 2 shows Lhe rgsulLs of simultauecus
sensitisation and re-estimation with Harshaw ‘LIF chips (0.9
talck). For sensitised chips the statistical Zluctuation in the
re=cstimation backgreund i1s such Lhat tne mininum re—estimatable
dose (2o) iIs ~ 0.28y as compared to i O.0lGy Lor unsensitised LIF
chaips.,  The high UV re-estimation background may be due ta
remaining Z3 centres. This limitaticn is not prohibitive siuce
re—estitation s most important for the coniirmation of high dose
[t 15 passibie that the background signal may be reduced by a
judicious choice cf the UV wavelength for noth the annealing and
re—estimation exposures. The intense 256 zm line of the low
pressura mercury lamp mas beer wideiy used, in sturdies such as
these, purely as a matter of convenicace aad is valizely to be the
aptie crhoice. Our work is continuing in this direction with the
usc of a high intensity UV monochromator factility.

Figure 3 shews the depeoadence of re—estimation (expressed
As 4 percentdie
time, temperature and UV intecsity. The complex relationship
hetween these parameters explains why so many different values of
re—gstimation have been reported in the literatare. Tt Is clear too
that. if the results of different workevs are te be compared it is
necessary to measure UV Intensities as accurately as possinle. This
is not an easy rask in the 200-230 am regicun., Caiculated
intensities, based on manuflacturers specilications are very
unreliable. Calibrated thermepiles arnd similar detectors, together
with filters te eut out stray light, arc essential for reliable UV
dosimetry.

asscoiated with different trapping centreo:

of the iritial read out signal) on UV exposure
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SiMMARY

Radiarion sensitisation is a useful technique which can reduce
the minimum detectable dese for LiF (TL) by a facter of 3, and
retain the possibility of dose re—estimatien. Further work is
necessary however to reduce the backpground signal associated with
re-estimation. The smallest dose wiich can be re-estimated with
sensitised 7Li¥ chips (0.9 mm thick) Ls about 2.2Gy at the preseat time.
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SKIN DOSE ASSESS¥ENT IN ROUTINE PERSOREZI, 3ETA/3AMMA DOSIFETRY
Poul Christensen
Zezlth Physices PDepartment, Riss National Isboratcry,

DE-4C00 Hoskilde, Denmark

1. INZ0DGILON

The Internaiional Cemmission on Ragiclegiczi Protection {1)
recommends a tisaue depth of 5-1C mg c@™° as the most appropriate
depth for skin dose sssessment. An ideal dosemeter for measurement of
sxin dose shculd therefore eiiher show a response which directly
a messure of the average dose_albsorpiicr in a lsyer of skin &t a
depth between 5 and 10 mg cm =€ or it should be utle zc give infor-
mation aveus type and energy ¢f radiaticn encugn for converting dose-
meter respcnse to true gkin dose. Yor penetrating raciation, e.g.
gamms photons, the routine menitcring systems practiced today genersi-
ly meazstire exin dose with satisfactory precision, e.g. to within +

~0% for erergies rarging frem 10 xeV to 2 MeV, For more shallowly

ting radiaszion, e.g. P-particles, which have ranges that sre
than or compsrsiive tc the thickness of the desemeters mos!
-,ed for practicul routine deosimetry consideruble underestimaifion
sxin doge may cccur., Thin desemeters with high efficiency for bLeta
doalmetry are availsble {2), however practical difficulties in hand-
ling very thin dosemeters combined with a low sensitiviiy and ihere-
fore @ high wminimum detectable docse make these unattractive for rou-
tine desimetry purposes. New developments in TLD fechnigues in recent
years (3,4%,5) have piven practical doueﬂeter“ with a skinedose ezui-
valent response toc bets exposures over a wide range of energies.
Therze have so far mainiy found spplilication for exiremity dosimetry.
The present work has studied pozsidle improvements of exist-

ing TLT reutine meonitering systems for obraining a satisfactory skin
dose zosessment withoat charging the origiznal capabilities of the
system, The follewing three alternr-;ve were stugied
inclusion of g supplemeniary sxin desemeter in trhe TLD-badge.
intreduction of a second photomultiplier ir the read-cut chamber
obtain o simultanecus iwo-side reading of the TL-dosemeter.
Armlicuticn of @ boron dZiffused thermcluminescent surface layer
LiF Tl-docemeters for skin-dose sssessment,

[SERNNE T s R
o o.

o

S ZNCLUEION G A SYPPLEM=NTARY SKIN LOSIF=TTR W “HE LD 34TGE

“he "roduct‘c: cf skin-doze e”uiva-eﬂt low-transpsrent, sin-
tered LiF- and LJ Mp dozeneters tre materizl with
graphite been repZ*+ed ezrlier 1 shows dirensions zand
gommo-response deis measured from oa reduced series of

u*\b.uy.lr dosemeter with graphite cont frox O 1o 20K,
o

3
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L
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ELECTRET DOSIMETRY

G. Dreyfus, .J. Lewirer and I'. Périnc
Ecole Supérieure c¢e Physique et de Chimie Industrielles
10, rue Vauquelin 75005 PAHRIS FREANCE

W. Buttler and J.C. Magne
BEFIC S.A., 89-23, rue des Alpes 946023 RUNGIS CEIEX FRANCE

Electrets are the electrical equivalent of magnets : they create
a permanent electric field in their surroundipg. This analogy, however,
is formal since the physical processes involved in electrostatics and
mapnetisny differ wicdely. More specifically, moncepolar electrical
charges do eXist, whereas the magnetic properties of matter arise [rom
dipoles only. The application whick is presented in this paper iz a
direct consequence of the fact that ionizing radiations in a gas
produce electrical charges which are acted upon by the permarent
electric field of the electret. This concept, termed electret dosinetry,
will be exposed after a brief, pemeral introduction to electrets.
Practical devices will subsequently be described, and the prospects
of this new field will be cutlined.

ELVIEW OF THE ELECTRET STATE

When a dielectric plate is subjected to an electric field,
a4 macroscople polarizaticen arises from three rain processes :

- dipoles tend te orient themselves parallel to the electric
field,

- icns migrate through tke material, with a veloclty which is
directly related to their mobility and te the transport mechanists
involved,

~ electrie charges are transferred frem the electrodes inte the
dielectric plate. They may be trapped, or they may miprate under the
influence of the local electric field.

Cnee the electret is formed, the polarizations created by these
various processes decrease in tinme with various time censtants. In
most cases, the polarization due to injected charges is the most
permanetit one. For this reason, several methods have been developed
to inject charges in a controlled fashion into an insulating dielec-
tric, Electretsmay, for instance, he manufactured by Coroma discharges
in the gas surrounding the electret, The electric field accelerates
the electrons or ions of the plasma and injects ther into the dielec-
trics, This is a very convenient way to manulacture electrets with
very long lifetimes, exceeding tens of vears.

The mest widely used electret-ferming materizls are polvaer films
They are inexpensive, and they may be manufactured in various lengths,
widths and thickness,.

BASIC PRINCIPLES OF ELECTRET DOSTMETRY
The basic idea behind the use of electrets in dosimetry is
straightforward ; 1t was proposed as eatrly as 1920(1) ¢ if an

eleetret surrounded by an ienizable medium, such as alr, is subjected
to ionizing radiations, the charges created in the alr witl be attrac-
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ted by the electret and be injectec inte it, Therefeore, the apparent
charpe of the electret will decrease with increasing radiaticn dese.
This idea, however, did not lead to any practical device through :

i} a lack a reproducibility of the phenomena : the materials used,
mainly organic waxes, and the manufacturing methods, which were essen-
tially empirical, could hardly lead to industrial applicaticns,

ii} the absence of convenient and accurate methods for tekirmg
advantage of the charge decay.

The situation of electrets has changed drastically during the
last few years, and a very large amount of research has brought the
electret to an industrial stage. The Laboratoire d'Electricitd
Générale de 1"E,5.P.C.I. has used its expertise in the field of
electrets to design various prototypes of electret dosimeters, some of
wvhich are now under development by the Société BEFIC in France.

[} The electret ionization chamber

The basic equations governing the behavior of an e}ectret ioni~
zation chamber have been described by various authers We surmarize
them briefly, with reference to Figure | : an electret of thickness dj
and permittivity €5, bearing a charge Q, is separated from two plane
parallel electrodes by two air gaps of permittivity £,y of thickress
d; and d4. The total amount cf charges created by a dose D in the
ionization chamber is known to be : n = aD(d! + d3)S where S is the

area of the chamber and o is of the order of 3.51IO_4 Ch/m3, Therefore,
neglecting edger effects, the change in the total charge of the
electret will be given by : 4Q = aD(d] + d3)5'

d3 Figure !

The decrease of the charge of the electret is linear with the dose,
which is a very attractive feature., In pratice, several passibilities
will be discussed below to take advantage of this charge decrease.

2) Principles of practical electret dosimeters

In order te take advantage of the decrease of the charpe of the
electrets, mechanical or electrical effects may be used. Mechanical
effects have been used to make alarm dosimeters, which have been
described in a previous paper

In order to perform a real measurement of the dose, electrical
effects are apt to be more accurate and reliable than mechanical ones.
Sevaral embodiments for electret dosimeters may be considered. The
principle of one of these will be discussed with reference to
Figure 2 : the electret lies between two parallel plates. A grounded
shutter may be moved to screen electrode b from the electret. When
the shutter is away from electrode b, a charpe Qy is present on this
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electrode, gi