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Introduction

Calibration of x-ray counters for the assessment of plutonium in lungs
is notoriously difficult, and the diverse approaches to the problem adopted
by various laboratories have led to widely differing assessmerts of the
sensitivity of essentially similar equipment.(]) The calibration of our
own equipment is based on measurements made using the LLNL realistic chest
phantom. However, one question that must be answered is how closely the
phantom simulates plutonium in vivo.

Or. Donald Newton of AERE Harwell, has proposed an IAEA-sponsored in
vivo experiment in conjunction with LLNL, ANL and BNWL to verify -the LLNL
realistic phantom using volunteers that have inhaled a known amount of
gszb. At the completion of the experiment we hope to show that the
phantom is an acceptable substitute for in vivo experiments; that is, that
it is indeed'a realistic plutonium lung counter calibration phantom. The

successful completion of this project will allow LLNL to take steps to

establish the LLNL phantom as the Free World's standard phantom.

B University of California
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Proposed Experiments

We propose that volunteers should inhale by mouth 5-um polystyrene
particles labeled with 92mNb (half-1ife 10 days). gszb decays by
electron capture, with consequent emission of 15.8 keV Zr K x-rays. ‘Since
these x-rays are similar in energy to those associated with plutonium (17

Nb is a practical plutonium simulant for in vivo studies. It

also emits abundant 934-keV gamma rays which are readily detectable by
whole-body counting. Thus, the activity retained in the lungs can be
determined independently of x-ray counting, and the subjects can be used to

calibrate our x-ray detectors for a 15.8 keV photon emitter; i.e., to

indicate values of ENb (where ENb = counts per Zr K x-ray emitted in
lungs).

gszb can be made free of detectable radicactive impurities, with the
variable-energy cyclotron at Harwell. Mr. R. Fleming of Harwell has
developed a method of incorporating the activity into polystyrene and has
successfully produced 5-um monodisperse particles. He has also studied
the rate at which activity may be leached from those particles in normal

92m

saline and in 0.1 M HC1; in both cases only ~0.1% of the Nb was

removed over a period of 30 days. We would not therefore expect

appreciable systemic uptake of 92m

Nb, either from particles retained in
the lungs, or from particles passing through the gut after early ciliary
clearance.

It is proposed to employ up to seven subjects, if they are available.

92Mmyb in those

We would probably need to deposit typically 0.5 uCi
regions of the lung from which clearance of 5-um polystyrens particles is

slow (>~100 days half 1ife). It is likely that in small subjects, for
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whom the x-ray attenuation would be relatively slight, a smaller quantity
would suffice; conversely, for large individuals it might be necessary to
increase the amount to 1 uCi. More reliable estimates of the amounts
necessary will be obtained from a preliminary experiment with a sma1i
subject, employing 70.1 uCi. Since the inhalations are carried out in
stages, we will count the subject at each stage to insure that the total
quantity inhaled has not exceeded 1 uCi. The inhalations will be stopped

when it is determined that the subject has inhaled 1 uCi.

Dose Commitment

The dose commitment to the lungs from 1 uCi 9ZmNb, declining only
by radioactive decay, would be 42 mrem. Experience suggests that, to
achieve an alveolar deposit of 1 uCi, it might be necessary to deposit as
much as 3 pCi (combined deposits in laryngeal, tracheo-bronchial and
pulmonary regions) in the subject. The estimated dose to the lower large
intestine, resulting from rapid clearance of the "excess" 2 uCi via the
GI tract, is 20 mrem. An independent calculation by Bill King of the dose
committment based on ICRP 26 gives a lung dose of 123 mrem and a GI dose of

12.6 mrem. -

Mass of Polystyrene to be Inhaled

92mNb available to us,

Because of the low specific activity of the
the mass of polystyrene associated with 1 uCi would be 7300 ug. This
would be somewhat larger than in previous experiments with labeled
polystyrene particles. The toxicity of polystyrene has been considered by

Harwell's Tracer and Irradiation Studies Approval Committee (TISAC) and the
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conclusion (TISAC (70) M1) was that there were no grounds for "concern
about the effects of tens of microgramms of polystyrene used in the
inhalation experiments at AERE." In their October 8, 1979 meeting they
agreed that the use of polystyrene microspheres in lung burdens of dp'to

300 ug did not constitute a hazard to volunteer subjects.

Inhalations

The second inhalation was carried out in August 1980. The results we
92m

obtained from this part of the study proved that we could see Nb in a
larger individual (chest wall thickness = 3.1 cm) and that gszb can be
used as a plutonium simulant to aid in the verification of the "realistic"
phantom. The third subject who is from ANL was at LLNL for counting on
December 8, 9 and 10, 1980. The ANL Human Use Committee accepted the
approval of the Harwell Committee for this study and therefore, they are
allowing Or. Richard Toohey to participate in the study. Dr. Toohey's trip
report states that he feels there is a need for each Laboratory to have a
person to count on a regular basis until the 92mNb has decayed to the
background level. The necessity for this will be discussed in the section
on Need for Further Inhalation Experiments.

As requested, we have attached ;he data ana]ysis for the subjects we
have already counted. (See Figure 1.).

PRIVACY ACT MATERIAL REMOVED

Volunteers

We propose that ) __and . from LLNL

Hazards Control Department be allowed to participate as volunteers in this

experiment. These two individuals have a long-standing interest in

127145
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plutonium lung counting and the benefit of having the phantom verified as a
realistic calibration standard far outweighs any risk that may be
involved. The volunteers would travel to AERE Harwell for the inhalation

and then return to the United States to be counted by LLNL, ANL and BNWL.

Need for Further Inhalation Experiments

We feel that three points do not provide us with enough data to draw a
statistically significant comparison between the phantom data and the human

inhalation data. The variation in the 103

Pd data as shown in Figure 2b
tends to support this concept. This figure shows large differences in
efficiency for subjects PK and KFB for similar chest-wall thicknesses.
Somasundaram2 goes on to suggest that this is not due to differences in
particle size or exposure technique, but to inter-subject variables other
than chest-wall thickness.

The scatter of 16-17 keV subject efficiencies about predicted
efficiencies from the phantom is potentially greater than the scatter that
is shown for 20 keV in Figure 2, because any variable affecting the

103

attenuation of the 20-23 keV X-rays from Pd must have a far greater

affect on the attenuation of low energy X-rays such as those from 92Zm

Nb
or p]utonium.2 We consider it important to assess the above, and this
requires more than three subjects.

The scatter of the data shown in Figure 1 appears to be small; however
it should be noted that in Figure 2b the 4th and 5th subjects are the ones

furthest from the cruve. This again supports the need for further

inhalations. *
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LLNL Human Use Con :tee -6- January 29, 1981

Another major reason for having LLNL subjects participate in this study
is that we would be able to count them on a routine schedule until the
gszb has decayed into the background. This will allow us to compare our
calculated minimum detectable activity (MDA) with actual counting data and
thus verify our MDA. The verification of our phantom, measurement
techniques and MDA will give us verified data to give the press and the
public should we need to count members of the public after an off-site

release. We are sure you will agree that this last item is of extreme

importance to the Laboratory's Health & Safety Program.

AU oA

G. W. Campbell, Leader
Dosimetry Group
Hazards Control Department

GWC : gw
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with th _wo-detector geometry at AZRE, _:otted against

-

weight/neight ratio (Fig 3a) and against chsst wall thickness

(Fig 3b):

Experiment A
Experiment B'

Experizent C

prediction frem Livermore phantoz with

muscle-equivalent chest wall.

prediction from Liverwore phantom with

chest wall includin

"

afiposz-tissue
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TRACER AND (RRADIATION STUDIES APPROVAL COMMITIEE

ig e, me )
[RHEL TP AP R A SRA

Minutes of the twelfth meeting held on Monday, 8th October, 1979 in
Environmental & Medical Sciences Division, AERE, Harwell.

Mr. J.N. Pritchard(Acting Secretary) ] ; )

PRESENT %
Mr. N.G. Stewart (Chairman) Environmental & Medical Sciences Division &
Dr. R.H. Mole Medical Research Council Radiobiology Unit S
Dr. S. Rae National Radiological Protection Board =
Dr. J.C.A. Raison ) " " " " i
Dr. A.N.B. Stott Environmental & Mecdical Sciences Division G
Dr. A.C. Chamberlain : " " " '
Mr. M. J. Heard " " " g
Mr. D. Newton " " " e

1.  LEGISLATION FOR THZ ADMINISTRATION OF RADICACTIVC SUZSTANCES TO HUMARS

In order to comply with a recent direction from the EEC on the use of ionising s
radiation (Article 5{a) of Directive 76/579/Eurztom), the Government has introduced »
legislation to cover the administration of radiocactive substances to humans for purposes .
of diagnosis, therapy or research. Tc assist in the implemsntation of this °
legislation, the Administration of Fadioactive Substances Advisory Committee (ARSAC)

nas been appointed. The Cnhairman welcomed Dr. J.C.A&. Rzison, & member of ARSAC

-WNO had been invited to describe the new legislation ang the mznner in whicn it

woulé affect proposals put before TISAC.

Dr. Raison began by explaining the definitions usecC in the regulations, pointing out
that 2 "radiocactive medicinzl product" covered sezled sources (except nuclear-
powered cardiac pacemakers), unsezled sources (including radiocactive aerosols in

this categery) and irradiation inducedactivity, except where this is a by-product of
treatment. However, naturally occurring radiocactivity does not require authorisation,
Such authorisation tazkes the form of a certificate issued by a Minister empowering
the administration _of a specified guantity of radioisotope or isotopes in a o
stated form to an indicated group of people. Such & certificate may be obtained by o
completing the attached application form and forwarding it to the Department of @
Health and Social Security, whence it is circulatec toc members of ARSAC who then
make their recosmendations to the Minister. Should a certificate be refused or -
revoked, a system of appeal exists to the Minister or to the Committee on Radiation -
from Radioactive Medicinal Products (CFRMF). Certificates are only issued to 2 '”
medicel doctor or dentist, although he does not have to be personally involved,
work may proceed under his direction. The certificate holder does not even have
to be present although "in the case of long absences, or of the appointment being
vacated", a new certificate holder must be arranged.

Dr. Raison indicated that ARSAC is not primarily concerned with the ethics of the
experiment and that ultimate approval for the work still lies with the local

ethical cormittee, even when a certificate has been granted (see paragraphs 53-55

of the attached "Notes for Guidance...."). Bowever, ARSAC will normally expect

the approval of the local cormittee before making a positive recommendation to the
Minister. Guidelines for the performance of an ethical committee are laid down

in "Supervision of the Ethics of Cliniczl Research Investigations and Foetal Research"

DHSS, HSC(IS)1523, although Dr. Raison was not clear how closely TISAC confermed
to these regulations.

Y o9 g
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;;;éjéanca:icns for 2n eth-~al comnittee a2nd report to th- "OMAITIEE,
. [ il aibind

Or. Zzison finzlly drew attention to the "Notes for Guidance..::? concerning research
orcjects (parzgraphs 48-52) with particular reference to the minimum volunteef age

of 15 excest under special circumstances, the consent of the subject and the dose
cc—it=ent. Doses are categorised into <5Cmrsm, <500 mrem and <S ram equivalent
tc=z) body dose, with the individual organ dose equivalents also stated. The Chairmzn
szzted thzt TISAC were empowered to grant approval of up to 50 mr2m whole body dose
ecuiveient, with single organ dose equivalent of up to 250 mrem (HMC 76(19)9,
TISLZ(T6)12). Tnese figures were based on then current views (WHO/RHL/73.1,
I~.insc.madiol. 1(2),4 (1975)) and are within the lowest dose category, equivalent

1c = 1zvel of risk within variations of natural backsround radization.

WITTITE IT - The CO-MITTEE thanked Dr. Raison for his presentation.

2. MIWNUTES OF THT ELEVENTY MESTING OF THE TRACER &0 IRRADIATION STUDIES
LESEIVAL COMMITTEE (TISAC(78)M1)

-  The COMMITIZE accepted the minutes _ :

3. MATTIRS ESISING FROM THE ELEVENTH MESTING

Or. Chzmberlzin informed the Cotmittee that the letier to NATURE on the tetra ethyl
zri zeirz uetnyl lead work was not considerec of sufficient general interest and
wzZ instezd, subsegquently appeared in the Procescdings of "Heavy Mestals in the

t

r7irenzent' (Imperizl College, Septemder 197%).

P

[3 K ~ .

1S rCF EXPERIMENTS ON THz UPTAKZ OF REDIC-CRDMIUM FROM THZ GUT

u
n

- ——
A

Trz derking Party on the Monitcring of Foodstuffs for Hzzvy Metals have establishec

~rzt cra2s, in particular brown crabmeat, tent to conizin nigh levels of cadmium.

A
mesulzr consumption of browm crab meat could lead to intzkes well in excess cf the
S-Sl

TLI/VES stendards. The Mindstry of Azriculture, risheries and Food (MAFF) are
sezking to estzblish the risk to regular consumers znd hence wish to ascertain the
atsorpiion and retention by humens. Dr. Chambderlain incicated that he had been
arzrcached by Dr. J.C. Sherlock of MATT to perform such z study.

Or. Chzmberlain stzted that there were two possible msthods of approach to this
orobien {TiSAC(7%)2):-

m

ngestion, measuremenis

7 whole dody gamma measurement at 5 days anc lonzer af i
nabling a2 bzlance to be struck

of ingestec dose and urinary and faecal excretiocrn enzb

c, 22tz or Gamme measurement of ingested dose, urine and faesces to give retention
by cifferernce.

Zr. Chemberlzin felt that zlthough method (b) involved lower activity levels, it
wc.ld require considerable manpower and would have large inherent errors if the

retenticn were sm2ll., It was therefore propecsed to use method (a) with Cadmium-11Sm
'\.:]A\."

(nzli-iife 43d, 100%p, 1.9%¥ ). An initizl administration to two subjects of
CG.Z2 kCi would occur with a possible repeat at a dose of 2 uCi if the counting

- &g

stzlislics were poor. Dr. Chamberlain pointed out that such an experiment would not
cr—y saztisly the requirements of MAFF, but would provide useful additional data on
ths !

zlood:urinzry excretion:faecal excretion ratios, an area where little information.
currently available. Due to this, however, uncertzinty exists as to the degres
e«e of cacdmium in order to estimzte the radiation dose to the volunteer.
cn assisted Dr. Chamberlain by presenting a table of equivalent whole-body
z range of uptakes, also indicating the experimentzl uncertainties.

122155
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Dr. Rae established that the specific activity of the cadmium would be approx-
imately 100 pCi/mg resulting in an acceptable body intzke of only a few microgrammes.
Dr. Stott felt that the use of a radionuclide in such an experiment only demonstrated
the short-term effect of uptake, whereas for MAFr to accurztely estimate the risk a
long-term balance was. required. Mr. Pritchard indicated that more realistic results
nmight be obtained by 'using volunteers who regularly consume crab meat rather than
control subjects. Dr. Mole was concerned about the dose commitment and felt that an
investigation of ways to improve the assessment of cadmium in excreta would be
beneficial. Dr. Chamberlain felt that MAFF might not be prepared to provide the
necessary funding for such an undertaking and indicatec that conflicting evidence
existed over the relationships between body burden and the relative differences
between the excretion pathways. However, Dr. Mole felt that in view of the large
mumber of factors involved, such a small experiment would not provide sufficient
beneficial information when balanced against the possible dose commitment.

MINUTE IV - The COMMITTEE recommended that, after consultation with the
Hzrwell Bioassay Group, Dr. Chamberlain should aporoacn Miri to discuss the
possitility of a2 full-scale project involving the anzlvsis oi excreta and blood

5.  FZ0POSALS FOR THZ INHALATION OF No-G2m LABELLED PAETICLES

Dr. Hhewton began by stre551n6 the o;-.lcultles encounterad in the assessment of -
piutonium in the lung due to the low energy of the emittec¢ X-rays and consesquent
attenuation in the body. At present Hzrwell's equipment is czlibrated from mesasure-
mcnts of known quantities of 103pd in volunteers (TISAC(72)M2). However, the

fference in X-ray energy between 10376 (zverage 20 keV) and plutonium (average
17 keV} mezns that mathematical corrections for the differing zttenuztions by the
chest wall must be made. Work with phantoms has shown that the correciecd calibrztions
arz rezsonzably accurate under these conditions, but tnzt there is & need ic be

[

L)
re-zssured such calibrations are as acburcte in the hu:“n case. It was thereflore
proposed to use 92mNb(half-life 10 ¢, Z.C., 15.8 keV) ) labelled polysiyrens
miczrosoheres of 5 pm diameter to_procuc e a relacionshic ocu'een count rate and chesi
wzll taickness (CWT). This would be anzlogous to thzt G5tained in thne WOrk wiih 1037
Trnus 2 comparison of the ratio of the twe, agzin as & -unc ion of C¥T, with that
expected from the mathematical model, could bs made (TISAC(79}1).

Up to seven subjects would be used, with an initizal alveolar burden of zpproximately
0.5 pmCi, this ouantity being smaller for subjects with & thin chest wzll znd larger,
ur to 1 uCi, for large subjects. To achieve this zlveolzr burden it might be

ne cessary to deposit up to 3 pCi in tolal, resulting in = dose commitment to the
lungs of 42mr 2m, and that to the lowser large intestins of 20mrem.

Dr. Hole was re-assured by Dr. Newton that there was no more satisfactory isotope
&>

for these purposes.

MINUTE V - The COMMITTEE approved the oroposed experimenis in which up to seven
volunteers would receive a maximum burden of 3 nCi of “&Mb-labelled polystyrene
microscheres with 2 resulting maximun dose commitmsnt o the lung of 42mrer and the
lower large intestine of 20mren

Aithouzh the estimated lung burden of polystyrene of 300 pg, was larger than that
used in previous experiments, Dr. Newton felt that the basis for the decision of
the committee on the toxicity of polystyrene was still valid; TISAC(TO)M1 states
that there were nc grounds for "concern about the effects of tens of microgrammes
of Polrsty“eno used in inhalation experiments..."

l o l
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MINUIZ VI - The COMMITTEE agreed that the use of polvstyrene microspheres in
lunc burcdens cf ug to 300 ug did not constitute z hazerd to veolunteer subjects

6. rROPOSALS FOr TEE EXTELSION OF STUDIES ON THt UPTAYE OF LEAD BY BONE

M. Heard begen by describing the aims of the study and the results achleved to date.
¥ithin 48 hours of intake, 55% of inorganic lead may be found attached to red blood

ells, but the fate of the remainder is difficult to zscertain. Some concentraticn
of non-tlood lead occurs in the liver, but bone is considered the major long-term
store. The purpose of this study is to ascertain if bone is an early store as well
arnd il so, the speed of uptake.

Czlciuz was 2lso used in this study for cross-cezlibrztion checks. However, whereas
leacC showed a stezdy increase when expressed as the corrected fraction in the foot,
znd nence the skeleton, of the whole body content, czlcium showed a decline. Further
evidznce that calcium behaves differently is thet the calciun measurements tended to
follow smooth curves where the scatter on lead measurements was greatly in excess of
ccunting errors. Longitudinal scans of the body indicated that the liver waszalso a

siznificant storags site but changes with time have not yet been established
(TiS2C:i7¢)2).

To confirz the trends demonstrated and elucidate the relztive importance of the liver
zn3 Tone a2s storags organs, it was proposed to teke msasurementis exteno*ng over 2
ceriof of three wesks, resulting in a dose increazse of z factor of 10. This woulcd ther
give z whcle body equivalent dose of 9mram of which 7rrem would be accounteé for by

the liver and kKidney (21 mrem and 76 mrem maximum orgen deses respactively). It was
thersfore proposed to inject intravenously 13 pCi of 203?bC12 to not more than two
sudjecis. ‘

Dorins ;nc discussion that followed, the committes azreed that the benefits to be
cotainzd from the sxperiment outwel_hec the dose commiiment

farnmaew o

R . = i 203
MIVTZ ViZi = The COMVITTEZ avporeoved the intrazvenocus injection cf 15 nCi of 03 Pou-,
=C nct more than to0 subjects with a2 resulting mexinun dose commitment of

Kidney 76 mrem

Liver 21 mrem

thole body equivalent © mrenm

7. PZO0POSALS TO STUDY THE UPTAKE OF LEAD BY INGEZSTION UND=ZR A VARIETY O CONDITIORS

M-, Heard pointed out that although a lot of work has been done on the uptake of

lead via inhalztion, 1n3ectlon and ingestion, the large number of factors influencing
nhe wzy pecple cook and eat has left large gaps in the understanding of the metabolisz

iez? DV inb°5uicn. Recent work has snown the tendsncy of lead to agsorb onto

cetztles during the cooking process and studies at Hzrwell indicate that this could

uivzlent to a daily intake in the range of 20-170 pnz. Work at the Wa ter Research

e hzs uncovered new routes by which lead may becoms dissolved in tapwater.
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