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-1 Summary of Requests for Information Desired Concerning Plutonjum

-

Drs. L. H, Hemplemann, S. T, Cantril, J., E. %irth, J. J, Nickson
and ¥r, S. G, English wrote the letters on which thia section is based.
Immediate problems of importance asbout which further information is
needed are emphasized.

I Diapgnosis and Estimation of the Amount of'Plutoq;gggin the Hunan Body

A. Detection of amounts in the body in excess of the permissible
level

1. Developmsnt of a satisfactory means of assay of urine and
feces

a. Need oore information on elimination rate as a
function of time . '

b. Need more information on elimination rate as a
function of route of irtake

2. Determination of percentage of plutonium excreted daily
by humans

3. Can blood samples be utilized for this purpose?
B, Detection of plutonium in the lung .- .

1, Development of a aatisfactory means of estimation of the
amount of plutonium in the lung

2, Compounds of interest are+ 3, +4, nitrate in agueocus solu-
tion, +6 nitrate in ether solution, tetrafluoride, +4 oxide,
+ L oxalate, + L peroxide as slurry

C. Development of a method for detection and quantitation of plu-
tonium in wounds .

I1 Absorption
A, Skin

1. Need more information on absorption rate on various plu-
tonium compounds through the intact sidin

2. Is absorption influenced by use of potassium permanganate
solution followed by sodium hypo-sulphide solution on the
skin?

000ugss  UNCLASSIFIED sewe -—segopy —etFED
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5. Gastro-Intestinal tract

1. Need more information on absorption rates of various
plutonium compounds. Specific infoérmation is desired
about those compounds mentioned under "diagnosis",

2. Can the elimination of plﬁt.onium be used in the event
of gross intake to detect the amount that will be fixed
in the bone?

C. Younds

1. The rate of diffusion of plutcnium from the wound area

2. The effect of different plutcniur. compounds on the rate
of diffusion

3. How is the distribution pattern eltered by having dif-

ferent sorts of wounds, e. g. puncture acunds as opposed
to lacerations?

1. how much of the amoun*. brezathed is reteined in the human
lung?

2. how much material ic cbcorbed from the lung tc the blood
and then to the skeleton?

I1I Peridssitle levels of IMuteniun

A. 1In the lung
B. In the bone

C. .‘net is the minimum amouni necessary tc prcduce damzge in the
body?

D. Are the alpha raoys from plutoniunm cejzble of producing damage
to the skin?
IV letabolism
A. Distridution pattern as a function of ret2 of inttke
B. Distribution pattern as a function of diet
C. that is the rate of eiizinition of pluicniun from bane?

D. Are tle differing diets in the diffsreni latoratories effoct-
ing thes results of anjacl experiments?

. UkcLassiFieD
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Vv Pathology

That is the nature of liver damage after intravenous adminis-
tration of plutonium?

what is the nature of liver damage after sub-lethal doses given
through other routea of entry?

Does pre-existing kidney damage diminish the elizination of plu-
toniuxn fram the body? Should persons with kidney damsge be
excluded fram working with plutonium”

VI ZTherapy

Development of methods of increasing elimination from the body
1. Effect of diet

2. Effect of injection of complexing or other agents
Methods of covering up material depcsited in bone

Developmant of methods of therapy for rlutonium in wounde
(epecific mention is made of those ccmprunds centioned under
"dizgnosisn)

1. The effect of mction

2. 7The effect of increased venous flow

Forrulation of & recommended procedure for treatment in case
of & known over-dosage by inhalation, by mouth, or by wound

How much time can lapse before treatment rust be instituted?

VI1 Protection

Is inactive dust in 8 wcrk arca an additional hazerd in that
it increases the probability of breathing plutonium?

lzprovemsnt of existing means of the phyzical protection of
personnel frum ingestion, inhalation or direct innoculation
of plutonium

Development of & method for the rapld determination of the
quantity of plutenium in the atmosphere

Development of a continuous monitorirg device for atmospheric
or dust borne plutoniu-i which is effective in concent.rationa
Sust above or at toler..nce levels

UNCLASSIFIED
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4.

E. Analysis of masks and respirators for percentage efficiency
4n filtering cut various chemical forms of plutonium. Special
mention was made of +4 and +6 nitrate, +3 and +6 sulphate,
<43 and ¢4 chloride, ¢4, {—5‘a.nd +6 carbonate.

F. Do various chemicﬁl structures play some part in the efficiency
of respirators or is particle size the important facter?

ViII Plutonium-radium Ratios - *

A. Uhat ratio for scute effects?

B. &hat ratio for chronic effects?

UNCLASSIFIED
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Table XIII

Effect of Method of Collecting
Sample on Counts Found in the Urine

UN CLASSIF/ED

Person ¢/m #nd Place of Collection of Sample
At Home$ In Hospitald®

D. W. 10.1 2.2

W. A. Bc L1.6 Lo3

\"'. Bo Go 1601 3oh

w. G. T. 2.8 0.1l

J. Po 1708 —

D. D. 30.6 2.2

Average: 20.0 2.2

# Sarples collected at home wera two overnight voidings collected by
the individual after thorough bathing end washing of hands.

%% Samples collecisd in hospital were 24-hour sarples collected vnder
the rigerous Lospitel plan after a two day lesve from the Site.

Table XIV

Recovery of Known Amourts of Pu
From Regular and kock Urine Samples

No, of Nature of Azt. of Recovery Spread
Detns. Samples Spike ¢/m 4
24,  Blanks (reg. urine) 0. (ave. 0.5 ¢/m) (0-1.2 ¢/m)
4 mock urine sol. 29.2 TR 88-100%
11 r . 10.0 93 85-101%
12 reg. urine - 0.0 as 73-104%
LANL
0004859 UNCLASSIFIED
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V1l Evcretion Stadies
Wright lLangham

The primary interest of our health depertment is the immediate
development of & method of monitoring personnel for internal body
contarination with plutonium. The obvious purpose of & monitoring
plan is to enable us to retire individuals from furthzr ccatact with
the naterial before they have shsorbed harmful amounts. The execu-
tion of such 8 plan depends on the esteblishment of & mumber of factors
gmong which are the following: -

1) The develcpment of & mathdd of determining exceedingly small
anounts of plutcnium in some body fluld or excrement;

2) The estsblishnent of the relationshiv bet.een the body {fluid
or excrement snd the amount of plutonium ccntained in the human body;

3) The developrant of & s.~nling system which excludes the possi-
bility of external contazinztion of the sample, .

This repert sammarizes our atitesndis to cstablish some of the above
factors. The urine hus bren chisen as the source of the szmple for study.

Vetrod of Sampling and Anclysis:

Because of the cxtreme dif 'iculty of deteecting smz2ll acountc cf in-
ternal contarineticn with plutonivm, and because of the great poesibility
of exiernal ccntemination of tha2 sample, the practice has been to collect
24=hour cerples under very rigorocs conditicins. The subject is cirected
to stay away froz work and pref.rebly away from the Site for a LE-hour

zriod preceding the period of collection of the saxzple to be analyzed.
A1) persons are t:ked to wear freshly leundered clothing dvring this
preliminary peried znd to bathe and wash their hands frequently.

The subject ie asked to remort to the hospital at eight o*clock in
the merning &t the close of the 40-hour prilizmincry period. He is given
hospitz) clothing end after takinp a showsr, is adzitted to a special room
provided for collecting the 24-nour urine sample. EKe is asked tc rem2in
in this room for thre entire 24~ iour periocd. 1t is requested that the
gubject restrict his fluld inta:e to one cuy or plass of fluid per m=al
to &void an sbnorzally large sample.

A-hand counter is availebls in the ro.nand a note is mede zs to
whether or not the indivicduzl hus 2 hand ccuant. The subject is instrucield
to wach his hands each time before he voids and tc wear white cotteon glovas
during vciding, thus preventing zpitihelial sceles of the hands from falling
into the flask and contaninating the sample. The voidings are ccllected
in a 2 liter erlenmeyer flask vhich is placed at such a height that it
is not necessary for the perscn to touch the flack or the funrel wvhile
urinating. Vhen the collection is curpletsd, the subject dresses and

LANL 1
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leaves the hospitcl leaving hic stecinen wher:z it was collected. The
sample if picked up and delivered to the laucratory by a remder of the
group doing the analyses.

Rigid adherence to the procedure described above should perrmit the
collection of a 24=hour urine sample as nearly free from external con-
tarination as pos;ible.

The effectiveness of the above method is indicated by the data in
Table XII1I which gives a comparison of the analyses of samples consist-
ing of two overnight specimens ollected in the individuals' homes with
24-hour samples collected from the same individuals by the above hospital
method. The average counts per minute obtained in the samples collected
at home was 20 as compared to 2.2 counts per minute per sample when
collected under hospital conditions. The most probable explanation of
tris great difference is that external contamination was avoided in the
latter case.

The samples cullected in the hospital are analyzed by the following
method: The erntire 24-hour specimen is evaporated almost to dryness and
the residue wetashed using one addition of conc. HCl and repeated additions
of conc. HNO3 and 307 H202. The ashing is continued until a white solid
slmost completely free of organic matter is all that remains. The residue
is taken up in 2 X HCl1 and a com»lete hydroxide precipitation carried out.
The hydroxide precipitate is dissolved in 2 N HCl, the solution is adjust-
ed to a pli » 0.3-0.5 and the Pu, plus 1 mg. of ferric iron as a carrier,
is extracted into chloroform usiug cupferron. The chloroform is evaporated
off and the cupferron residue digested off with nitric and perchloric acids.
The Pu is then carried out of the perchloric acid sclution with lanthanum
fluoride. The lanthanum fluorides precipitate is transferred to a platinum
disc and counted for 30 minutes in an alpha counter.

The data reported in Table XIV give some idez as to the performance
of this method when applied to spiked urine samples and to mock urine ash
solutions. Blank determinations were made on 24 samples of urine fram
persons never having worked with Pu. These sazples ranpged in size from
800 to 1200 ml. The average of all blank determinations wes 0.5 ¢/m per
sample with a spread of 0-1.2 c/m.

Results of Personnel Lonitoring:

Thirty-six members of the staff were chosen for the first test of the
above monitoring method. These poople were chosen to represent. high, moderate,
end low or no exposure groupe. The number in each group was too few to
give any definite significance to the classification., The results are in-
dicative, hovever, and are summarized in Table XV. It may be significant
thet all-individuals showing a pasitive count in the urine had had one or
oore high nose counts on record since joining the project. A high nose
count is recorded against an individual when a moist filter-paper swad
inserted into the nostril and rotated shows 50 ¢/m or greater when counted
in an alphe counter. ’

Urinary Excretion of Piutonium by the Human:

If urinary excretion values are to be used to establish the actual
azount of internal body contamination it is essential to know the relation

UNCLASSIFIED
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betwesn the scount of Pu in the human eystem and that excreted in the urine
per 24 hours. On April 10, 1945, an attem>t was made tc estabtlish this re-
lstionsrip by injecting a human subject in:ravencusly with 4.7F of ¢4 Pu
which was comrlexed with scdium citrate(O 3¢ solution) and adjusted tc a
pH of 6.0.

'l'hc subject was an elderly male whcse age and general health sas such
that there is little or no puscibility that the injection can have any
effect on ti.e norzal ctourse of his 1ife. The patient might not heve been
‘an ideal subject in that his kidney function may not have been corpletely
normzl at the time of injection as indicated by slight albuminuria and a
low urine specific gravity.

~ The +4 citrate complex was used in order to produce the maximuin dep-
ocition in the bone. This presumebly would produce an excretion rate
comparable to that of & worker having absorted the meterial at a slow
rate thereby depositing & maximum aaount in the bone where it is probably
the most damaging.

The results obtained for the firct 18 days after injection &re pre-
sented graphically in Figure 1 by blocking in t.he per cent of the botal
injected dose excrated per day.

Thesc data show the excretion during “he first dc=y was surp: 'isingly
low and thet the lcveling off cf the excretion rate wa2s mach slower than
with rets. Tne most srobable explanation of these observations is that
they represent some metsbolic asbriormality of the subject. It is possible,
however, that the stsbility of the 44 citrate complex is a factor. A
blood sample taken 4 hours after the injection showed that about 40 per cent
of the injected dcse was still in the circcleting blood, The calculatien,
however, was based on the assumption that there had been a complete mixing
of the asterial throughout the total blood volume.

A rather favorsble excretion rate is indicated by the observation that
the leveling of{ point ssems to be about 0.02 per cent instead of 0.0l per
cent as observed for rats.

The Effect of Size of Dose on Urinary Excretion of 4S:

A nurber of fundamental assumptions mist be made in regard tc the
metabolism of Pu if a limited erxount of human iracer data are to form
the basis of a method of diasgrosing internal body contamination. (1) It
is necessary to essume that, once absorbed, all valence states and all
compounds of Pu are metabolized b the animel organisa in essentiully
the same way. (2) It is necessary to assume that Pu is metabolized in
the scme wey regardless of the rcute of absorption or ad:inistration.

(3) It is alsc necessary to assume that the fraction deposited and
thercfore the fraction excreted is indepenient of tbe size of the dose
adainistered or absorbed.

Haud 1ton (CN-2383) has reported a limited amunt of information in
support of the va.idity of the first tuc sssumptions. The following

cxpfriment. was gsrfomd to ‘fest the valUNCEA§§Iﬁtrﬁ
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Five groups of mature male rats wore injected with 0.C3227(2250 ¢/r),
1.1%, 5.3Y%, 15.0%, and 52.0F of Pu respectively. The matcrial wee edmin-
istered as ¥4 citrate complex in a soluticn 0.5 per cent with resrect to
scdiuvm citrate. The pH of the solution was 6.0. The urire and feces
were ccllected daily for five days from esch group and analyzed fcr LS.
The results of the urine analyses e~e given in Teble XVI. These cata
show rather conclusively that the per cent of the total injlectcd doce
excreted in the urine of the rat under the &tove conditions is independ-
ent of the size of the dose adrinistered.

URCLASSIFIED
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Results of lonitoring Site Personnel

Table XV

Classification No. of we. c/u/2l hr.
Persons urine sample®
= ———— 3
_ Highly exposed 5 2.2
Moderately exposed 23 0.4
Low or no exposury 8 0.2
Those having high nose
counte** recorded bVA 1.2

Those having no high .
nose counts recorded 2 0.2

# 0.5 c/m was subtracted from each value as a blank.

#% A high nose count is recorded azainst an irdividual when a moist
filter-poper swadb inserted intc Lle nostril and rotated shows a count
of 50 ¢/ or greater wiien counted in an a2lpha counter.

Table XV1

Effect of Dosage on Per Cent Excretion

of Pu (#4) Citrate in the Urine of the Rat

% of Inl. Doce Excreted per Day

Period after

Dosage I
Inj. = Days: 0.032 1.1 5.3 15 52
let 0.72 0.71 0.73 0.57 0.77
2nd 0.27 0.2 0.31 0.20 0.26
3rd 0.22 0.12 -0.18 0.16 0.19
4Lth 0.15 o.1 0.13 0.13 0.17
0.1 —— — 0.12 ——

5th
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