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TASLE II

AMOUNT OF PLUTONIUM =XCRETED IN FECES  (CASE A)
R
Date '
-
(196L) &/m-2L nrs,
8-9 0.74
g-27 2C.
9-22 2.3
1C-28 17.3
MARLE IZI
ANCUNT OF PLUTONITUY. IN 3SLOOD ASSUMING A 5-LITER VOLUME (CASE A
Date
(1964) ¢/m
3-11 1600
3-18 . 72
~ -—
g-25 87.
9-8 : 3;0
g-15 162
G-22 1440
9-29 185
10-0 Lost
10-13 1420
10-20 532
10-27 1140
A
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TASLE

AMOUNT OF PLUTONIUM EXCRETED IN FECES (CASE B)

[—a
Dzte ' Date
(1534) d/m-24 nrs. (1964) d/m-24 hrs.
7.3 15 8-26 16
7-S 73 £-28 1285
7.1 22 G2 82
712 9 g9-32 8
7-13 20 9-17 3
Tl 22 G-25 --
7-15 38 g-25 --
7-16 101 G-30 1
T-17 L4l 1C-1 --
7-1 104 10-2 --
7-20 65 10-6 L7
7-22 23 10-8 Lost
7-30 21 10-12 2
8-5 124 10-14 8
8-17 6 10-21 19
g-18 9 10-23 14
£-19 24 10-29 9
8-24 2
~r

AMOUNT CF PLUTONIUM IN BLOOD ASSUMING A 6-LITER VOLUME (CASE B)

Dzte v Date

(1554) a/m (1564) d/n
7-7 168 - g-24 156
7-3 2740 - .26 . 116
7-5 168 8-28 224
7-.0 306 8-31 252
7-13 138 . g-2 204
7-15 2016 9.4 120
717 720 & 138 g-17 300
7-20 96 9-28 660 .
7T-22 284 9-30 . 426 -
7-29 972 10-2 792
8-17 822 10-7 182

- 8-19 96 10-27 1440
8-21 356 11-13 348
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This 30-minuve count provided better than =20% error at the 95%
vel for the next 4 weeks. fter this time, however,

plutonium in his urine rhad cdecreased 0 a level
wnere It became necessary to improve the counting system.

0

<nprovements were possible by incereasing the counting time,

&
ing the

<t

& larger cdlameter crystal, or by concentra
urine oy evaporation. The concentration by evaporation mathod
wa&s selected for the following reasons:

(a) A factor of 10 increase in sensitivity .could e
easily obtained by this method.

(v) There was no longer a necessity.for a rapid ceter-
mination of the plutonium in tihe urine baczuse the
treatment was no longer devermined on 2 day-to-day
basis. Since 2ll samples were deing chemicall

nalyzed for plutonium in the bicassay laborzsory
?

-

(

this direct counting technigue was How providing

<t

only a paralliel study.

(¢) Tne regular procedure for analyzing plutcnium in the
bloassay laboratory involvaed a step in which the
urine was evaporated to dryness and then recdissolvad
in 45 ml of 6 N HNO;. The chemical procedurs could
be easily interrupted at this point for a count on

this acid solut;on. : .

>
ot

150-ml beaker was cut down to hold 45 ml. The crystal

w&s covered with aran Wrap* and the counting was done 2as Defore.
Tals method provides an accuracy of about =20% error at the 95%
conlidence level in 30 minutes from a ur ine sample wnich contains

2000 &/= or more of plutonium.

fV

s = SeZisteled tracemark of The Dow Chemical Ccmya“j,
xidlang, %ichigan
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.Eventually, in order to minimize uncertainties because of tissue

S es o pewmie & - - -z 3 . - -~ - - ‘
ahscrpilion, the Z8A-key gamma rzy from Pu®?? sz meszursd using

the Zarge~crystal defector. Figure 7 shows uha guanticy o2

a
#05¢ ol the activity is located in the sutured region where ¢!
oved. The inconsistencies in the data collected up
©o the middle of August were probably caused by 2 fldctuat
gomesry in the hand-detector system. The initial swelling ol
Y e

ne hand and its eventual return to normal may have influenced
this. NXNO known electronic malfunctions occurred during this

-

‘sericd. The subsequent increase from August 17 Co0 September 2

was due C0 a gradual change in the plutonium calibration. Wnen
Tnis was discovered the system was recalibrated.

‘‘ne dod y counter was callbrated with a human phantom, RIMAZ¥,
& plastic form contalning a skeleton and cavities for the major

organs. The liver cavity was first IJllled with a solution con-

tain_n6 0.08 uc of a known isotopic mixtures inciluding 2u®d® and
Am®%*  the remainder of the prantom was filled wisth water, and

The phantom was counted. Then the liver cavity was filleé wish
.25 ke and counted again., Then the lung, filled with an epoxy
wung eguivalent material¥* containing C.31 o the radioactive

miXxvure, was counved. FPFinally, the live gion was counted withn
The lung cavily filled and then the lung region counted with the
iiver cavicy fille

Figure 8 shows a typical spectrum of the liver area of the

snantom. The shape of the lung area spectrum is almost Ldentical.

Ll

The thin crystal detector proved directional under the conditions

-.d dhamad

bt

of this experiment; the specirum in each case was unaltersd oy
ence or aovsence of The radiocactive mixture in the other

The Socy counter was recalibrated several times with the
nizan phantom. However, point sources of radioactvive materials
were used dailily to check the counter for stadility and sensitivilty.

w Janilactured 0y Alderson Research uaaorato Z&S; Long Is.iand
CLty, New Vork. .
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PO A Elw s 4

a e
weme mace 5o compensate for differences in obody diﬂe sions
cne sudject and the phantom.

etion Rate Studies

and 11. No corre

thin-crystal detecter

S
T\
et A

7 -

e

*
ctlons

A decision was macde to study the excrevion rate of DTPA in

~order o ~2lv hetiter estadlish a {reqguency for adminisctravi

~ne method of Darbey [2) for the cdetermination of ethylenad

modified to a procedure for DTPA

Fy

b 0'.".5'.'

£
ilznilne-

{dfesnyleneiriaminepentaacetic acid) in urine. The principle
of tne meshod consists of complexing the DTPA wita nickel and
removing the excess nickel ion with cimesthyl glyoxime.

mma Ni-TDTPA complex 1s destroyed witnh sIIong acié ané the

- ) R o o1 -~ & S ey L % P N |
CuI'OpﬂOuO...euI‘.LCc.;;.y wisth dithicloxzlic

- 1

Lacktion in a 25-ml porticn~ol

millizmam of DT2A. Fi on ¢ DTRA
<

re 12 snows the correlati

excresion with plutonium excretion.

Vost of the DTPA is excreted via the urine within 24%-n
&l mable IIT shows the percent ol DT2A

cravion.
seap treasment during some of the treatment

s
Table IV shows the percent ol e
10és after adminis
= A
% [

e
cose observed in the urine at varicus per
B! is less

noted that in some cases the DIUPA
on ~evel within 2 days and in anotner case observadl

e¢cl
up to 5 days post administration.

1080b99 . -~ _ sl

Seme variaticn in the rate of decrease alter the first 24 ho
s

excreced
periocs.
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TARLE III
Amount of Administered DTPA
=xeretad in Pirst 24 Rours
Tate of Treatment Percent DTP2A
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e tne plubtonium contained 473 ppa of Ax?%, there was a

QL n

- et ar e
PR R R LI A Cl“- ,/" _:‘(;‘V antts vases oo, "‘":'. P AR O Ao evrn O aitonad
Ghd - s ..uu-uv- e AL uuuu..uu VU o al v LS e [ R

Tung ané ilver surden. It is difficult To establish & meaninglu

N o o . - oT e P Han +
~imiy of cetectlon for such & system. Rowever, tne.fcllowing
woo oboerved and can be used &s an incdex of the capapility of )

Thae eguipment. The sackground count rave e

so 51 kev through 65 kev averages about 33 counts peX minute

ST o2 LO-minute counting period. The count ra bod

conium mixiture in she liver cavity of the paantom averages
over zackzround for a stendard 10-minute

e
Y -~ - < ~ A - &£ S < e <2
sounting pericd. Assuning normal districuci

e e A
sounting sution standard error Iis
11 average

s
= - me P o - 2 a0 -~
= 5.C%. The same amount ol maverial tn cne lung wi
e
(¥4

s per minuce over packground with a standard error

- . d
oL = 7‘,0.
Sglif-2bsorpeion of x-rays in the 13- $o 2C-kev reg.don was .
sco zreat for the guantities of snterest., The 384-kev gamma ray
P -..2589 - S aem A A n -~ pan r o m ey Lot -*
o 2u25% lzcks in abundance to make 1T useful in the regicn of

-

o e b b <% IR 4 T - 2 ~ b
imtarest Tor liver Or Lung ourcen Geves rminavion.

demn Q iy

cetermining vhe magnitude of the exposure rests with the healsh
saysZeist. Medical personnel reguire guila

ment wanis S0 KNOW how serious the exposurle is; and,
s=m=grtant, Shose exposad should Se cournseled as soonr &as
~cssidle. Counting raw urine Dy X-rays &s soon &s i¢ 1s avai;sble
srovides & neans of rapidly assessing the magnitude oz
wme and can at least sort out the serious from the n

2KDoS
sericus. A4 second voiding may be reqguired to getv a relizble

n eisner case the answers are available in consideradly

Y s

~zss Sime as comparad Vo time required for standcarc radicchemical
cnmalysis. Since the source of the x-rays <5 from Pu?R?, Du*¢® and
imEew L% is esse“v-al Lo know the -elative zmount of each ©O

7
e - - e o Y .y b - e Ny 4
-z acourasely tha amcunt of activity in The ur.le.

0s0ioe o e S
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SUMMARY OF ROCKY FLATS EXPERIENCES WITH DTPA AS AN AGENT
FOR INCREASING PLUTONIUM EXCRETION VIA THE URINE

by Health Physics

The Dow Chemical Company
Rocky Flats Division
Golden, Colorado

Since 1963 DTPA has been used at the Rocky Flats plant in
23 cases 1nvolving exposure to plutonium. Varying degrees
of success have been noted based on measurement of
plutonium in the urine. The effectiveness of DIT'PA seems
to depend on the following:

1. The chemical form of the plutonium involved in the
acclident;

2. The length of time between exposure and treatment; and

3. The treatment schedule, dose, and method of
adminlstration.

In many cases, however, the degree of success cannot be
antlicipated. In these cases, DTPA 1s tried to see whether

or not a significant increase 1n plutonlum excretion is
obtained.

Generally, our exposure cases have resulted from inhalation,
'puncture wounds, or acid burns. In three.cases, however,
exposures resulted from explosions where employees were
exposed by both inhalation and puncture wounds.

1080710



Inhalation Cases

Thirteen inhalation cases have been treated with DTPA
~and one with EDTA (RFP-128).

Eight of these cases resulted from a plutonium fire in
October, 1965. Twenty-five persons received inhalation
exposures with eight receiving DTPA treatments for a
5-day period. Generally speaking, the plutonium excretion
in the urine increased slightly because of the treatments
but the total amount excreted represented such a small
fraction of the material present that the treatments

were discontinued. The plufonium was found to be a

very insoluble "high fired" oxide of small average
particle size (0.3 micron). This incident is discussed
in RFP-T710 where several typical urine excretion curves
are shown for both the treated and the untreated persons.

Flve other inhalation cases were treated with DTPA

after separate exposures., In each case, the treatments
were gsuspended after a few days because 1t was Judged

that the amount of plutonium found in the urine represented
only a small fractlion of the material involved. Typical
urine excretions for these cases were 1 to 20 dpm per

24 hours during the course of treatment followed by a

rapid decrease to nearly pretreatment levels,

Puncture Wounds

. Three cases of contaminated puncture wounds have been
treated with DTPA and two with EDTA (RFP-128). The
urine excretion of one of the cases that was treated with
DTPA was reported in RFP-431. This case might be called

2.
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typlcal of all the wound cases. The plutonium involved

was a highly insoluble oxide. The materlal present at

the wound site solubilized only very slowly in the body
fluids. This small fraction would then find its way to )l n
the blood system where 1t would be nearly completely b A;nbr”ﬁ;,
chelated by DTPA and excreted in the urine. The DTPA LT
15 effective in removing the plutonium.from the blood

but does not accelerate the solubilization process at the \

site of the wound. In all cases, urine excretlons are

higher following the treatment but in each case the 5 U
treatment was suspended after a few days because only a
small fraction of the material present in the wound had RE
been excreted in the urine. ~

Burns

Four employees have been treated with DTPA following
contaminated burns.

Three of these cases involved nitric acid burns. Two of
these have been described in RFP-640 where their treatments
‘were called "very successful." 1In one of these cases,

',a calculation shows that about 96 percent of the plutonium

which entered the system was excreted in the urine. About ! ’Ai

14 times the maximum permissible body burden was excreted

in the urine during the course of treatments. The other . -
. case reported in RFP-640 was probably equally successful l\Nv,;;gﬁ*

but the smaller quantities of material involved did not - [
permit a similar calculation. ‘

A third employee received DTPA treatments for 5 days
 following a contaminated nitric acid burn. This case
was very similar to the other two but it turned out that

",
LR%e
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the treatments were not necessary because very little
plutonium entered the body.

The fourth burn case was the result of a solvent burning

in a contaminated atmosphere. In this case as well, e
the treatments were halted after a few days because very
little plutonium was found in the urine.

Explosions

Two separate explosions have occurred in which three
employees have been exposed to plutonium.

The first occurred in 1957 when two employees were

exposed via 1nhalatlon, ingestion, and absorption through

wounds caused by flying debris. The plutonium to which

they were exposed was a mixture of oxldes, hydroxldes,

and nitrates. These two employees received EDTA at the

time of the accident. The effectiveness of these treatments

can be seen in RFP-128. These two employees also received

DTPA treatments 7 years after this incident. The results

of these treatments have been summarized in RFP~577. This \ WV:
report shows that while urine excretion levels increased qvl#/),/r
1C-fold, only about 1.5 and 1.9 percent of their calculated

body burdens were removed during the course of treatments.

* The second explosion occurred in 1963 and resulted in
the exposure of an employee via inhalation, ingestion,
and absorption from a massive wound of the left hand. The
plutonium was a mixture of metal, oxides and chlorides.
Thls case has been reported in RFP-445, -446, -510,
and -709. The DTPA treatments in this case were found

1080713
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to be very effective. About 8 microcuries or 200 times '/f
‘the maximum permissible body burden was eliminated via
-the urine during the course of treatments. This not only

dramatized the need for DTPA therapy in some accident
cases but it also demonstrated the feasibility of orally
administered DTPA in certain circumstances.

In general, our experience with DTPA has been very good.

In some cases the effectiveness in removing plutonium

was easlly measurable, In other cases the treatments were
used to demonstrate that little or no plutonium had

gotten into the system. Even in the cases where little
material benefit was derived, there was a good psychological
effect.

)

March 20, 1967
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ABSTRACT

On October 15, 1965, a fire in a plutonium fabrication
plant resulted in a large-scale spread of plutonium oxide.
The Rocky Flats body counter was used to measure the
plutonium in the lungs of all employees .working in the area.
Of approximately 400 employees counted, 25 were found to
have enough plutonium in their lungs to deliver a dose of

15 rem per year or greater.

Data from each employee were obtained with two scintillation
detectors in contact with the subject'!s chest. Thea60-kev
photon peak of Am?*! was used in the measurements. 'The
Am2*! content of the plutonium released in the fire was
determined and the plutonilum quantity was then determined
from callbrations done on a chest phantom with similar

Am®*? ; Pu??® rpatios.

The plutonium consisted of "high-fired" PuO,. Particle

slze measurements of air samples collected after the fire
indicated a 0.32-micron mass median diameter with a geome tric
deviation (cg) of 1.83 . Lung data so far show very slow
clearance. This confirms the high degree of insolubility
and the small particle size. On the average, 30 percent

of material initially deposited was cleared in 2 to 3 months.
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The remaining material is clearing very slowly with

little or no measurable absorption into the bloodstream.

INTRODUCTION

Since June, 1964, plutonium inhalation cases have been under
2 s

1’2) It is known

study 1in the Rocky Flats body councter. ( Ic
that estimates of lung burdens of plutonium can be made
using the body counter il the amount of Am**! present in the

exposure material is known.

On October 15, 1965, during a maintenance operation in which
an attempt was made to unplug an oill coolant line on a

lathe, plutonium metal chips caught fire. The fire 6ccurred
outside of a glovebox in a Y0,000—sq.ft; plutonium production
area. About 400 employees were working in the room. Even
though the fire wés extingulshed In a few mlnutes, airborne
contamination spread quickly throughout the area. Air
sampler filters indicated an activity range of greater than

1 ue/M® down to 107® uc/M® at the most remote locations.
Because the contamination spread so rapidly, many employees

were in high airborne contamination areas without

resplratory protection. Those showing high’ levels of contamination
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about the nose and mouth were scheduled for body counting

first, followed by those with lower contamination levels.

As soon as a man was decontaminated externally, he went ¢o
the body counter. Within 2 hr. after the fire the first
person was counted. Fourteen people wére counted on the
first day and evening of the Tire. Seven of these shdwed
significant amounts of plutonium in the chest. Eighteen
addltional exposures were found in the following weeks.
DTPA treatments were given by the medical department to
elght of the first positive cases. The treatments did not
enhance plutonium excretion in the urine, so they were

stopped. Subsequent positive cases did not receive DTPA

treatments.

INITIAL SCREENING PROCEDURE

The Rocky .Flats body counter has been described elsewhere. (3)
Two U-inch-dlameter by U-mm-thick NaI(T1l) detectors are

used for chest counting, one on each side of the patient's
sternum. Pulse-height spectra from each detector are displayed
on 128-channel subgroups of the pulse-height analyzer.

Using a callbration of 1 kev per channel, the 60-kev Am3%1

photopeak covers from channels 40 to 80.
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The normai'time for routine counting is 40 minutes;

nowever, 20-minute counts are adequate for initial screening
purposes. This allows enough -counts to accumulate in the
60-Kkev photopeak region to visually distingulish between a
background spectrum and an Am?*! photopeak on the readout

oscllloscope.

Two criteria for initial screening purposes were used to

decide if a person had a significant lung deposit:
(1) The presence of an Am®*! 60-kev gamma ray photopeak, or

(2) A gross count rate of 46 c¢/m or greater when

integrated over the 40- to 80-kev range.

The second criterion was based on Boss' study of the
distribution of chest count data for 180 employees. These
studlies showed an average chest background of 32 ¢/m in the
605kev pnotépeak with a 3¢ value of 46 c/m. (4) It was
therefore reasoned that a count over this value would'be
suspect. However, until the Am**! content of the -exposure
material could be determined, the degree of exposure to

plutonium was not known.

Fourteen people were counted on Friday, the day of the fire.

These were the employees that had been working on the equipment

10807119



or that were in the immediate vicinity when the fire started.
Seven of ﬁhese had counts greater than 70 ¢/m and showed
60-kev photopeaks. The other seven had counts less than

46 ¢/m and none exhibited a 60-kev photopeak.  After body
counting, the plant physician adminietered 1 gram of ITPA
1ntrave§ously Lo The exposed employees; On Saturday,

Sunday, and Monda& morning, thne exposed employees recelved
further DTPA treatments, 1 gram each day, and were given

40-minute counts in the body counter.

All urine and feces from the exposed employees were collected
for laboratory analysis. Samples were also requested from

all other employees checked in the body counter.

On Monday afternoon, 20-minute screenings were resumed for
those employees thatwere at greater distances from the f{ire,
but still having possibly inhaled plutonium from the fire;
‘It was thought that all of the positive exposure cases had
peen couhfed on Friday; however, two more positive cases
were found on Monday afternoon, one on Wednesday, and one on
Thursday. The screenings continued through the second week
following the fire., It was then realized that 1t would be
necessary to count all personnel that were in the building'

at the time of the fire regardless of their proximity to.the

-6-
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fire. ¢ would also be desirable to accelerate the screening
program in order to handle the number of people involved,
It was suggested that two employees at a time might be counted

using one detector for each. Experiments were conducted

and 1t was found that a "not" man could be counted with a

cold’ man without increasing the cold‘man‘s chest count by
placing the two men in seated positions in opposite corners
of the room. One detector was placed over the left side of
the chest or each of the two subjects. As a background
monitor, a third detector was placed in the center of the room
over a few bags of sugar. This. procedure was begun on
November 2, the third week after the fire. Three hundred

eighty-elight employees in all were checked. The last posiftive

case was found on December 23.

CALIBRATION

The body counter had been calibrated for plutonium chest
measurenents before the fire. This was done using a REMAB*
phantom and a lung-equivalent compound*. A solution
containing 0.3 uc of plutonium with 700-ppm Am3*! was mixed

with the compound and poured into the lung cavities in the

* Manuiactured oy Alderson Researcn Laboratories, inc.;
Long Island City, New York
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phantom. A series of measurements were then made using the
two 4-inch by 4-mm detectors. A calibration chart was

prepared giving the factors for convertlng counts per minute
in the 60;kev photopeak to microcuries of plutonium for

341
a range of Am concentrations.

CALCULATIONS

Since the measurement of piutonium in the chest is done by
counting the 60-Kev gamma rays from Am2*!, 1t 1s necessary
to have an analysis of the am®*! content of the material to
which the person 1s exposed. Once the initial amount is
determined, periodic corrections for americium growth are

readily made.

Late in the day of the fire a value of 1830 ppm of Am?*!

was determined for the plutonium involved in the fire. Based

on the previous calibration, with a detector positioned on
either side of the sternum, thils gave a value of 45 c¢/m net
for one maximum permissible lung burden (MPLB) of 0.016 uc

(see Appendix), or an average value of 22.5 c/m net for each

detector.
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Once the Am”*' content was known, and given the lsotopic
composition of the plutonlum, the counté-per-minute data on

each person could be converted to microcuries of plutonlum,

Most of the persons had not been counted before, so The
previously determined average Dbackground of 32 ¢/m.in each
detector was assumed for each person. This number, when added

to the MPLB net value of 22.5 c/ﬁ, gave 54.5 ¢/m as a gross count
indicative of 1 MPLB. The previously chosen control point of

45 ¢/m used in the second criterion then turned out to be.

about one-half of the MrLI.

Zach positive exposure case was immedlately restricted from
further work in a plutonium area and was put on a periodilc
4O0-minute count schedule. Data from each were compared with
previous unexposed employee data to find a person whose welght,
Cs*®7 and K*° contents were closest to that of the exposed
employee. The chest background of this "match" subject was
then used as the background for the exposed employee 1in all

8ubsequent measurements.

RESULTS

FPigure 1 shows the data for the maximum exposure case, 3lood,
urine and fecal analysis data on this individual are also

shown for comparison.
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‘The dose to the lung of thls individual through

December 31, 1965, was 42 ren.

Another fypical case, of somewhat lower magnitude, 1s shown
in Figure 2. The dose to the lung integrated through
December, 1965, was 13 rem.

Table 1 111ustrates the exposure ranges ror the 25 cases,

figure 3 shows body count and bio-assay data typical of

eight cases in the 1-2 maximum permissibie lung burden range
wno have been allowed to return to work in the plutonium
areas since their expoéure. Those cases whose lung burdens
decreased to less than 1 MPLB, and appeared to be continulng
in a downward trend would be allowed to return to a plutonium
area. To date, calculations of retention time in the lung

are inconclusive, but retention time appears fo be a function

of_tne magnitude of the exposure.

Alr samples taken during the fire were analyzed for particle.
size. (5) The analytical procedure related the number of
alpha particle tracks on Kodak Type A nuclear track film to
the size of PuO; particles deposited on membrane fllter
paper. The three samples analyzed were obtained at distances

of 15, 25 and 50 ft. from the fire. The results from these

-10-

1080125



1 T r - Y — T Y

BODY COUNTER DATA

\ - MAN NO. 5641
: o
\o\o /

pPC OF PLUTONIUM IN THi CHEST -
o
o
|
|

0.016UC, 15REM/YEAR

P ey AR S i G G GRS GE— E—— S E— — —— T — CEEVI) TN SR TR  GEA w——

o . 10, 000 , r f ; - ;
) o EXCRETION DATA
=) MAN NO. 5641
& 1000 - .
= \ 0 BLCOD D/M-6L DAY 1-5
= | \ | DTPA TREATMENTS
A 100 °| Xoe - ON DAYS 1-5 -
Z-
2 wof c————-o{ mn
B o &7 FECES D/M 24 HR.
=
O l: URINE D/M-24 HR.
= o \/
5t \ \ '
a asass
L LTE

e OCT NOV. DEC JAN FEB .MA.R APR

+ aURE 2 - BODY COUNTER AND EXCRETION ANALYSIS DATA
ON A MEDIUM EXPOSURE CASE, 4 LUNG BURDENS.

1080120



Table 1. Initial Exposure Range

Number of Maximum

Permissible Number
Lung Burdens of Cases
17 1
10 1
7 1
35 3
1-2 19
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three samples and the results from an analysis of the

composite of the three samples are shown in Table 2.

Figures 4 and 5 show the particle size distribution of the
composite sample. A semiempirical relationship between
particle size and particle deposition in the respiratory
system 15 shown in Figure 6. This has proved to be accurate
in estimating deposition for previous Rocky Flats pluconium
exposure cases. For the size particles shown in Table 2,
Figure © predicts that 35-43% of the total aerosol will be
deposited in the respiratory tract and that 70-80% of the mass

deposifed will beln the pulmon;ry compartment.

The clearance of the material from the chest appears to
follow two different rates. The 1nltial clearance rate

is 30% of the material measured in the chest within a few
hours of the exposure in a period of 2-3 months. The final

rate appears to be 50% in 1.5 years.

CONCLUSIONS

The DTPA treatments on the first exposure cases did not
appreciably increase the amount of plutonium excreted in
the urine, and the relatively low amounts in urine and blood

indicate a highly insoluble form of plutonium.

-11-
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The long half time of <The material in the chest shown Feh's

the pody counter data obtained so far indicates plutonium of

small particle size,

The body counter 1s extremely valuable as a screening
system for suspected plutonium innalation exposures and in

immediate determination of lung burden amounts.

-12=-

1060134



REFERENCES

1. E.A. Putzler, C.R. Lagerquist, S.E. Hammond, J.R. Mann,
and C.W. Piltingsrud, "Evaluation and Treatment of

an Acute Internal Exposure to Plutonium,"

fersonnel Dosimetry for Radiation Accidents,

~ page 549, IAEA, Vienna (1965).

2. M.R. Boss and J.R. Mann, "Body Counter Evaluations
of Plutonium Exposufes,” U.S. AEC Report

RFP-517 (1365).

3. V.?. Johnson, "The Rocky Flats Body Counter,"
U.S. AEC Report RFP-462 (1965).

4, M.R. Boss and J.R., Mann, "Body Counter Evaluations
of Plutonium Exposures," U.S. AEC Report

REP-517 (1965).
5. R.A. Kirchner, "A Plutonium Particle Size Study in

Production Areas at Rocky Flats," U.S. AEC Report
RFP~671 (1966).

1080135



ADTITAVYR TOoAD TmA~rm D d aa=a mameae
CAPDIONS =C% JaLGun=S AND TABLES

&9}
b
(2
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the Highest Exposure Case, 17 Lung Burdens
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NDIX.

METHODS WEICE CAN BE USED FOR ESTIMATING

PERMISSIELE LUYG BURDENS FOR PLUTONIUM

the formulation from the "Report of ICRP
Committee II on Permissible Dose for Internal
Radiation (1959)"

R

R
qf
m
e

nu

m
e

nu

R

c Pu23?

R

_ g, €
T 2.8 x 1070w

1

e

rem/week

amount in organ of reference Euc)
mass o organ oI reference
TEZF(RBE)n (Mev),.

g)

1000 grams (from Standard Man Data;

53

Mev (Report of ICRP Committee II, page 143)

af, (53)
2.8 x 10-° x 10

= 18.9 gf, rem/week
= 16.2 ug Pu3®, tnen

= 1,17 rem/week/microgram Pu23°?,

6.24 x 107 Mev/gram = 1 rad,

R

e

:Utrﬂao:u

[T T

(22!

R

quality
R

Ao X 2.22 x 10° dpm/ue x 1440 min/day x

—
r—y

J

mx 0.24 x 10" Mev/gram rad

mass in grams
average energy, Mev per disintegrauion
rad/day.

1000 grams and
5.15 Mev

0.264 A, rad/day
0.0164 rad/day/microgran.

nh

factor (QF) = 10,

i

1.14 rem/week/microgram Pu33®,



3. Using (M?C)a to calculate gf,: Since (MPC)_ for lung
1s given as® 4 x 107! _ic/cc in NBS Handboo% 69, the. .
ICRP report, and Title 10 CFR 20, some formulatlons can

be worked backwards to give gi;.

1077 qf
(MPC)_ = S (ue/ce)
a g - t/T
e (1-8 * )
a
where T = effective nal? life (days)
' fa = {raction inhaled wnich is retained

in organ of reference

t = period considered for determining
(MPC)
a
qf, = permissible burden (uc).

Using a lung half life Tor plutonium of 300 days as

recommended by most texts and £_ = 0.125 wnich is the
basis for all (MPC)_ calculatiofis for plutonium, and

substituting in the“above
qf; = 0.015 pe

= 0.242 micrograms.

4, Calculation of permissible dose to The lung from
(MPC)a: :

4.1 x 107'° @ R X
£, (1-e~*°°) £EF (RBE) n

(MpCc), =

where )\, = effective decay constant (days™®)
m = 1000 grams
fa = 0.125
_ 0.693

‘o = 300 days
and all other terms are as previously defined.

R = 0.28 rem/week.
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5. Checking on the assumption of a 300-day lung hal?fl
1life using the sarie formula as in part 4 and using )
R = 0.3 rem/week ("..... R = 0.3 for all other
organs [bone already discussed] except thyroid and
skin,"..... ICRP report) as the allowable lung dose

, L.l x 1079, x 10® x 0.3 x 2.31 x 1073
(MpC) 5 0125 % T X 53

4,3 x 107*t pc/ec,

I

The handbook value 1s 4.0 x 1071 pc/cc confirming
the assumption of a 300-day half 1life in the lungs.
Summary

a. All indications are that the permissible lung dose should
be 15 rem/year.

b. The permissible body burden (qfy) in the lungs 1is
approximately 0.25 microgram.
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