
eeé



Lee
A 4

QADT! ACTIVITYreg RET

4 Dievertabion
to tna of the

th oO .@or.etown Laiversiuy
in partial of the requirenents for the

cexree of

Master of

Robert d. Dowling, 5.3.

Thy Deo "

January 1267



The work presented by this paper is an investigation of

@ method for detecting internal bedy contamination

from beta-zamma radioactivity. The objective of the work

was to deteMMMMe a quick and sasy method that would serve

to establish rapidly if Dersannel involved in

with a wat peactor mi oscome combaninaved wih
@ biologically amount of radioactivity. fhe

radioactivity used in the experiments was reactor coolan

from a pressurized wator reactor and the experimentation

was performed on Living animals.

Phe oroeedure developed connisted of vwrenun fiLtering
the urine with HBB millinicren Mi ter warer and countins

filter paper wth a Geiser! necr re. The resus
indicate that it is possin ¢detect Jess Lhan

body burder. of the r ot.
coolant during the first day af

1 & AniGulio.Mer

Naval



United States Atomic Enerzy Commission for his technical advice

regarding the application of the experiment and (d) Br. Ee P

Ruvacky, Georgetown Medical Schoo+ Department of Pathology,

my mentor, for his guidance and assistance in performance of

the work.



Sinee voth hacteround (8) and eemole p backgrounl rates

(8 + 3) mst be determined, the total error in the net

sample count lis +B)-(s)Jas the square root of the sum of

the syuaces of the s of each,

\et
Vota) t

(G)R+ +8)?

For the Poisson Histribution Law, (15), is 08.<%

confidence level, ¢T is 95.45. confidamce level, -5 Wis

99.734 confidence level and 4 Tis 0526.2797% .comfidence level.



APPENDIX III

Calculation of Minimum Sensitivity of System

Using the following parameters,

a) Filter paper of 551036 pore size

b) Sample courting time of twenty-five minutes

¢) Urine sample volume of 20 cc

ad) Greater than confidence level

e) Background court cate of 15" .77 counts per tuicute

the minimum activity that can. be measured by the is
A (17.9% 15% .77) x x 107 x 3.88 uc/ee

26

+
«96A = 2.5 x ue/ee whereV =

Then, using a filtering efficiency of 105 for sarmles codelected7

between the sixth and twelfth hours see Table 8), the minimum

urine activity that can be detected by the reference system is
=

17
= 2,5 x 10 ac/ce
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pourrt= Total Aetiv--jconfid Filter ActivityItem sample ing Counts ity ~ence ingTime Level Time
~min. -c/m. - uc/ee

1 Background = 3/24/61 5 71 14. a

Rackground of 2cc
2 evaporated animal 7h dh .

urine
Background of 20ce

3 5filtered animal urine 76 15.2
800m filter

74
4 55Ol=2cc evaporated 338 67.6

5 502=2c6 evaporated 320 64,0 he 29x10"?

6 5 8,0x107701-6,5e¢ filtered 91 18.2
~ 800mu filter

-83
7 502-13¢ec filtered 101 20,2 6, 70x10~7= 800m filter
8 5Pl=2cc evaporated 1104 220.8 Pa 1. 79x10

7A
9 41.36x105P2=2ce evaporated 853 170.6

10 5Pl-8.5ee filtered 142 28.4, 2,69x107°~ 800m filter
il 5P2=9ec filtered 190 38 hes 40x10

~6
= 800m filter

12 5LI&L2-2ce evaporated 1136 2272 1.85x1074

as
13 LBL2-12, See filtered 227 AS oh 347x10~6

- 800m filter
refilter of 6.5cc of +4
Pl (10) -800m filter 5 150 30 -6

3+95x10

15
refilter of 12ce of wo 6LI&L2(13)-800mu filter J 152 30.k 3, 20x10

Data from Second Animal Experiment



Count DonfidctivTotal Filter
Counts ~ence~ing -ity ~ing Activity

Item Sample Time . Time
-c /m -uc/ee

16 5Background - 3/25/61 75 15

1? 503= 2ce evaporated 281 56.2 >

18 he 9tex105P3= 2cc evaporated 357

19 5L3~ 2¢e evaporated 328 65.6 4.43x10

20 203~ 9,5ce filtered 161 32.2 3, 06x10
= 800m filter

21 3.90x105P3= 10ce filtered 188 37.6 Amin
800m filter ~ 4

-622 5L3- 10cc filtered 173 3h.6 LOsec 3 38x10
= 800m filter

23 5L3= 10cc filtered 190 38 6min 3.97x10-
6

~ 300m filter
5Sec of coolant 1897 379 4 Ssec 1.27x1074= 800m filter

25 5Sec of coolant 1914 382.8 5sec~ 800mry filter
26 5See of coolant 2015 4,03 Tsec 1.35x1074

300m filter
5ec of coolant 5 2571 51k.2 Wsec 1. TLxLO
- 300mi filter

5

5

5

6

4

4

Data from Second Animal Experiment
62.



ount ctiv-Confid
Item enceCounts

Total Filter. Activity
Sample ity ing

Time Level Time
~c/m -uc/ec

1 5Background 6/27/61 60

Background of 2cc
2 5 ah 10.8

urineevaporated animal

Background of 1Occ
3 filtered animal urine 10 106 10.6

800m filter
4 59x105evaporated 86 17.2 5

55 1,03x10Pl~2cc evaporated 113 22.6
74

6 5 7.0210Ll-2ec evaporated 94 18.8

7 Ol=l4ee filtered 10 2h6= 800m. filter 3min 1.74x10

8 Pl-lOce filtered 10 521 521 12min
800m filter >4

9 Ll-l7ec filtered 10 346 34.6 lamin~ 800m filter yt
LO 502=2ce ewaporated 87 17.6 5a 9hxlO

2.87

580P2=2ce evaporated 16
2.26 a

12 5L2e2ee evaporated 62 12.4 1.4x10

1.
13 02=7ee filtered 10 123 12.3= 800m filter

1,32
P2-6.5e¢ filtered 710 126
= 800m filter 12.6 Gem 23min

1.26
15 L2-l0ce filtered 10 125 12.5 cums 25min 2.96x10-= 800m filter

2-71

6

6

Data from Third Animal Experiment

63.
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n 1895, Wilhelm Roentgen discovered x-radiation in a laboratory

caperpiment, The following year, Antoine Becquerel accidentally ex~

'posed a phetogrephic plate to uranium salts and discovered their

propert.- (1). Madame Curie, during her celebrated

verinents with uranium minerals, isolated the radinactive elements

polomiua and radium in 1896. These events were the beginning of a

new erg in which wan was required to develop techniques to measure

radiation and to oe able co protect himself from ic.

it was many years before experbuenters reeliged she full in-
olications of radiation. The important characteristic of radiation

is that its absorption by matter causes abaas to (2). This

accounts for its biological significance. It now became paramount

to be able to measure all forms of radiation so as to protect

ocrsomel.e

at the Second International Congress of wadiology, oeld in

etockholn in 19<8, the international Commission on Nadiclogical

Protection. eine ) was zed to with problems

of x=ray protection and later with radioactivity protection. In

1929, an Advisory Committee on X-Ray and Radium Protection was

ganized in the United States uncer the sponsorship of the National Bur

lea

eau of Standards. In 1946, this committee was reorganized as the National

i.



Committee on Radiation Protection and Measurements(NCRP),

The NGRP through ite various subcommittees publishes in-
formation concerning all aspects of radioactivity protect-
ion. Information concerning internal exposure to

radioactivity, which 1s of concern in this report, is
contained in National Bureau of Standards Handbook 69 (3).
The handbook lists permissible coneentrations of radice

nuclides in air and water and permissible amounts of

radionuclides in the body. This information is applicable
to all cases of internal contamination whether it be from

a radioisotope used in nuclear medicine and

scientific research, or from the many radioisotopes con-

stituting the fission products and by-products of nuclear

fission in BOMBS and reactors.

Be Statement of the Problem

The handling of radioactive substances mist be done

under controlled conditions to safeguard personnel. Constant

surveillance of the working areas must be maintained. How-

ever strict and thorough the precautions may be, large ex-

posures cannot be eliminated. But exposures are not Limited



to only those vorsone knowingly yadioachivit-.

of food, water or air, 15 fou or

neenie, cen omear dus toa radinactirity from resctor

fallout from weasens or gence in the

handl ng of radtolectones being used in trdustry, medicine

of sha and internal ine of perm

oe scourately made (4), Ths methods presently

n use for evaluating internal gonsist jn

dehailed radiecheules! analyses of the feces or

the urine for a speci nuclide (4, 5 & 6) or counting

he padiosetivity that remvines in the body wits

body" counters (he?)

cart raseareh, After an exposure dees ecaur, Lamediate

With the advent of the nuclear reactor, tine asseas<

ment of the internal exposure beocue mors coup icsted.

MM watority of reactors are pressurized vater reactors

where the water acts ss both moderator and coolont. he

coolant of these reactors sentsins many radiomelides due

to wear and sorvogion and subsequent activation ef the

materials of which the vlant is eenstructed, n addit on,

the number of and their concentrationg

The

emounr reeetors, and the aoncentretiong in gach reactor



EE Oe Se eT ee

WLLL very with time depending con the prior operating history

anc the cherdstry cencinions (BD.
chor planus whether they be in an teo-

no* contein elaborate and

counterg or mlti-
det,ailed analysis

for DOS ole interna. In addition, the nec~

of the ha bitab lity a closed environ-

SU"yas avoard a s to would not vermit usins such toxie

as acid, nitric acid or even the

poiling of large quantities of human urine to determine

Latermal contamination. The use of chelates to renove the

radioactivity from the body for subsecuent evaluation would

ate its use by only skilled personnel because of

the medical effects, The use of ion-cxchanging resins to

or a ship do

ive equipment, such

fe 4

ler

nes

move the radioactivity from the urine would

tailed chemical preeesses to dissolve the IresinJ and concen=

trate the radioactivity. The procedures presently available

for internal EEBJ contamination sra restricted

in tucir use because of their complaxity, cost, or toxic
body

The problem then is te determine a physical method for

he



internal contamination of gross

radioactivity wich is simple and does not require the use

ef elsoorate equipment or toxic Since the

%

accuracy of the uetsod wil suffer because of the above

restrictions, should be a rapid method which can per

formed short7y after the exposure lisa occured when sthe

largest amount of racioactivity is still available in the

*

persons affected.

5e
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'PHEORY

rhe inbernea Gornbamination

Internal contamination refers to radiation exposure

from radionuclides that have entered the body. The nuclides

may enter the body by inhalation, inzestion or absorption

through a wound, Permissible concentrations of radio-
nuclides in air and water are derived from experigents on

and estimates of their somatic and genetic effects. 'The

NCR? has resommended such limits in National Bureau of
Standards Handbook 69 (3). The basis for these limits is
that no significant blelogical effects would be expected
from continuous exposure throughout life to concentrations
of radionuclides at these limits. The calculation of the

permissible concentrations of radionuclides invelves the

following factors!

1. The initial bedy retention of the radic-
nuclide,

The effect. of the radionuclide on the

apecific crgans which accumlate ths

6.



radionuclide (for example, Strontium 31

ulabes in the bene.)
¢

De the fraction going from the bleed and gestro~

inceatinal tract to Lae specific organ.

bye The sige of the specific orta 53271 a

2a fhe senaitivity of toe tissue of the specific

organ to radiation,

Oe fhe exergy of the radiation produced by the

yvadiomuclides.

Te The specific lonization and attenuation of

enerry in the tissue of the critical organ.

Se Phe effective half-life in the body of the

muclide (equal to the geometrie mean of the

physical half-life of the isotope and the

biological half-life.)
Fe The limiting dose rates established for the

various body organs,

Limiting dose rates mentioned in 9. above have been

determined from medicel experience with x- and gamma rays,

from experincr.te on animals, and by comparison with natural

ba ekground exposures or those that have been encountered

Ts



during past radiation «

The permissible body surden of a nuclide is tne mumber

of microcurtes of a nuclide in the Lady tnub will give a

Limiting dose vate ac described avzove. The perilssible con~

centrations of radionuclides in air and water ca: then be

aa the conconsrations wich unrouch normal inhal-

ation of air or ince: tion of waver will produce aud maintain

one body burden throughout a oericd of 50 years.

B. Coolant Activity

Net ona of Standards Handbook 69{ 3 ) presents

the body burdens for specific radiomiclides, For radioac~

from a nuclear re.ctor or other sources containing

many nuclides, a gross detection method mst be based on

the most limiting nuelide. Table 1 contains a of

the major nuclides which are present in the reacter coolant

of a typical pressurized water reactor (8) such as the one

for which samples were obtained for these axperiments. For

either case in Table 7. cobalt 60 is the nuclide which is
to its Handbook 69 limit for permissible

concentration in air.



* once, the boy

burden for of 10 microcuries (3), or some fracticn

tiereor, should vhe miniuum detertable limit to eonsider

a method usetel for its intended pvrposes. From

tae informaiion presented in rable 1, it is also apparent

that cubult 60 is the most Limiting muclide Yer large

variations in the concentrations of the radionuclides and

for long times after reactor shutdown, which is equivalent

to long tires after an internal exposure. Based on the

above information, the reactor coolants used durine this

project were considered to consist predominantly of eobalt- 66
a

activity and the body burden of coolant wae considsred

to be 10 ue.

G. Proposed Netiod

c-t5
studies of internal contamination withHio-assay

@ (9) have shown that it is possible to make a very sonsi~

tive estimate of the actual body burden in terms of the

permissible body burden of 60 microcurias (uc). Using very

large seintiation detectors and the Lowest urine excretion



COLUMN A COLUMN B COLUMN GC COLUMN D

Typical Typical NBS Handbook; Relative
Concentration Concentration 69 Permiss--

NUCLIDE HALF-LIFE in Reactor in Reactor
Amount

_able Concen- Col.A 10
Coolant during Coolant tration in
Operation L& hours after air

Shutdown
uc/ce ue/ce uc/ce

Mn-56 102.6 hours 5x 10 2x 10 30

Na=2k 15 hours 5x 4 2x 10 5x 10 10

W~187 5102h, hours 5x 6x 10 8x 10
5 5Fe-59 31045 days 5x 5x 10 2x 10

Hf=181 51046 days 5x 5 5x 10 lx 10
-5Co-58 41071 days & &x 10 2x 10

5 9Ta-182 6112 days hx 10 4x 10 7x 10

Mn=5h 300 days x 10
> -57x 10 lx 10

Co~60 103x52 years 3x 10 3x 10 100

Total 1x 10 1x 10 170

4 5 7

Table 1.

Activity of Reactor Coolant from a Typical Pressurized Water Reactor
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of toe . akin copis tole

in sine und sob.bil-

in water, fn she physical defiinion of we 16 LOD

Herce, Li may be possible to fillscr out a meacurable ner

c eh OF eat OF ae te oe e@ ous ue tt An te arla.

The beta~gamza activity could be counted by a standard scaler

@ procedure consisting of filtering urine and counting the

and teelver-Mueller tube assemb y. say

dovosited
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ac filtration ecuinment used in the experiment is
in figure 1, 2d consisted ef the following iter

High vacuum oi] vaewum punp

'Hy-Vae' driven by General Electric, 60

cycles per second, 115 volt, motor.

Stainless steel precipitation
manufactured by Tracerlab Company, Model

# H-88, The chimney was designed for filter
paper 24 mm in diameter.

3. Filter papers with pore sizes of 360 and

800 millimtcrons, manufactured by the Mil1-

ipere Filter Corporation.

he Miscellaneous rubber tubing and 2 liter flasks,

13. Counting

The counting esuipment used in the exper ment consisted

12,



e 3

Ploure 1, Wya

of the following:

Le #adiae Computer 77 (iNe2)/UD
sanufactured by Nuclear Chic.go Corporae

tion shown in FAsure <. hie is the standard

havy betaegamms scaler (12). "he Ope

characteristics of ig ecunbear ere du

simed for radionuclides with

energies in the range of Cach bo it ave
he

136



Indicator and Lead Chield

Technical Associates, shown in Figure 2,

The lead sried houses he tube mount

assem ly, the detecting element. and the

semnies when being sounted. the shie d

4

to shied the detecting element from

extranecus redistion fislds including

backercwid «

The general ccunting erauimnant coreist-



Gabe mount

3 t

kt eve T boatFOF he

a

we Pgi

tibiae retein .n@

estavlishad uee in BE related Lo whats The

aanvle ul a verhas of chase

funnels 16 Bye ws in diameter whieh vere suerte" 4

samule~colLaatin z Selon each he bby, was placel a 340

eo jar and inside each funnel waa placed

a plastia care which sll the thai received

the radioactivity by the sane mode of internal contauinetion,
iach eege was also fitted with smal wire to

sanarate Lhe feeee fram the urine, jhe wine volunfe was

+

woaeurad wn antomatie 1O se ( O.lee) pipette. Anlanad

injection volumes wore controll thresch the use+

Vrs
154



Figure 3 ~ Components of General Counting Equipment

A. Tube Mount Assembly BE. 3eFt. Coaxial Cable
B. Aluminum Absorber Set F, 1-Ft. Connecting Cable
C. Sr 90=¥90 Reference Source Set G. Sample Positioning Shelf
D. GeM Tube, Type 220T Inch) H. Aluminum Absorber Shelf

ET RE A CP IN fe ENC
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oBCTION iV

aN

A. Filter Evaluation

pavers pore educa of 300 wn enc Ti wm,

anc by the manufact-4

vrer ind by previous work in the filterine of reactor cool-
art {10}, whe e?ficiency of the filters for removing radio«

activity from the reactor coolant and the average time to

aven an1 aninel urine was ard the results

are surmarized in Tabie 2, Although the 300 m paper has

a 5031 higher filtering efficiency than the 800 mi paver, the

long filtering times associated with the former was the

bacia for choosing the a mu paper as the reference sige,
the efficiencies were shown in the actual exper
iments to be less, probably due to the fact that the bedy

membranes ani Or "ans ast as at lvers Yor vie Larces perti-
cles in the reactor coolant,



test

Filter Sige

owns

average
Eficiency for Reactor
Goolant e %&

653.2

Average Filtering
Tine for LO ec
of Ayvimal Urine « see

i 75

Average Filtering
Time for LO ae
ef Human Urine - ges

Table 2, Creliminary Filter Evaluation

13.
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The objective of the work was to evaluate a method

or determining internal bedy contamination by counting tie
activity that could be filtered out of the urine. Feline
inary 4 of filtering activity out of reactor

coolant and resetor with human urine indi-
cated the" the method may be feasible. Nowaver, those

investinations were only tests of tus counting equ pment

estd the filtering equipment under controlled conditions

tney were not a test of the nethod for determining internal

body contamination. An evaluation of the complete method

would dave to congise of urine from rummals that
had been contaminated with beta-gemma redioachivity fron

reactor coolant. This would be the only ay t« perform a

trie evaluation since the chenical snd physical rezctions
the body affect the injected radioactivity. hese body

effects may var, with the sine, type, concentration and

rente of entry of the rationuclides and would affect the

mount of radioactivity excreted and filtered oy the

proposed nethoc, Albino rats were cheson to simlate the

body

26
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Therefore, 1t was decided to eimilate the actual con~

ditions by which the radioactivity from reactor coolant

could enter the body by using the following methods:

&) Inject ng the radiosctivity intrapal-

mnary to eimilate inhalation,

b) Injecting the radioactivity by stomach

intubation to simulate ingestion,

a) Injecting the radioactivity intraper~

as a control because it
is mown to be a more highly absorp
tive membrane which would not be a

normal method of internal body con=

tamination,

These three mammalian processes which are referred to

as E (lungs-intrapulmonary), O intubation)
and IP (intraperitoneally) are shown schematically in Figure 4,
The use of infections to contaminate the animale gave as a

distinct advantage the ability to determine the exact amount



A

stomach lungsbedy organs » an
Intraperitoneal Stomach Intubation Intrapulmonary

Figure h, Mammalian Processes

2



the radioactivity introduced and therefore eliminated

this variable in determining if the body reacted differently

to each mammalian process.

Special treatment of the animals was performed prior

to and during the experiments. This treatment consisted

of a) elimination of food intake for eight hours prior to

and during the experiments,

b) hydration during the experiments and

o) regulated environmental conditions in an sirecon-

ditioned room. The animals were hydrated to maintain their

normal urinary excretion rate and were fasted to provide
OPTIMUM Av > MORE YRIFORM

a favorable condition for absorption of the radioactivity

into the body fluids (activity that is not absorbed would

be excreted in the feces and would be of biolo~

A

gical concern).

CG. Reference Method

The animale were combined in groups of three for eac

methed used, orally, intraperitoneally and intrapulmonary,

In this manner, the volume of the samples collected would

be larger and the difference in the biological processes

230



between animals would be minimized.

From each of the pooled samples, 2 cc was removed for

evaporation in a planchet under a hood and then counted by

the counting system. The ratio cf the total activity count-

ed in an eveporated sample (product of the activity per unit

volume times the total volume of the sample) to the total

injected activity was designated the biological efficiency

(E,). This is a measure of the percentage of the injected

radioactivity from reactor coolant that is excreted in the

urine in a given time period. The remainder ef the pooled

sample was filtered snd then the filter was olaced in a

planchet and counted by the counting system. The ratio of

the total activity counted in a filtered sample to the to=

tal activity counted in an evaporated sample was designated

the filtering efficiency . Finally, the ratio of the

total activity counted in a filtered sample to the total

injected activity (which is also the product of §B and

was designated as the overall efficiency (Ep) of the system

under investigation. The process flow sheet for the system

is outlined in Figure df 5.

All counting and the calibration of the counting

equipment was performed in accordance with reference Il.

2h.



AsTotal Actiyity Injected

C=Total Activity Counted D=Total
b

otal Activity Collected

Evaporate Liter

Count Count

i

by Fil ation
E,= C/A

B/C

Firure h.-Process Plow Sheet

ctivity Counted
+
1

FRA Cui



The method of calculating the measured activities from the

evaporated and filtered samples is contained in Appendix I
and tie Mmm of the Ctatistical Analysis used to deternine

the significance of the measured activities is contained in

Sunmary

Appendix If.

De bxverinentsl Runs

The first experimental animal run consisted of inject

ing three animals intraperitoneally with a total volume of

25 cc of reactor coolant. A pooled sample of 232 ce of urine

was collected after four and one haif hours. These animals

were fasted for eight hours prber to and during the ox=

periment and were hydrated prier to the experiment which

was performed in an air-conditioned room.

The second and third animal experiments consisted of

nine animals each; three each experiment contaminated

intraperitoneally, intrapulmonarg and orally. These ani-

mals were fosted for eight hours prior to and during the

experiment, were hydrated prior te and during the experi-+

ment and were restricted to an air-conditioned rem. The

complete schedule (body weights, isotope doses, hydrating

2b.



times and sampling times) for thes econd and thirc animal

experiments are contained in Tables 3 and 1 resnectively,



Time 113011001000830 1330 1330 11700 1100

Body= Iso Water Col- Water Iso- Water Sam] Sam- SamAnimal Weight tope
Mode

Dose lect Dose tope,, Dose ple ple ple.

ce
Dose

gms ce cc ce

1 4.0 4.0 0.5 460 cork 02 03

2 48 hod 0.6 4.8 02 03

3 235 4.7 4.7 0.59 he7 01 02 03

4 IP 48 4.8 0.6 48 Pl P2 P3

5 235 IP he?bo? 059 he7 Pl P2 P3

6 48 48 0.6 468 Pl P2 P3

7 4.848 0.6 4.8 Ll L3

8 4.0 4.0 0.5 4.0 Li L2 L3

9 heO 4.0 0.5 4.0 LL L2 L3

Table 3. *K = 9.34 x 1073uc/ce

Procedure for Second Animal Experiment



Time 0930 1000 1030 1630 2030 2145 0830 1030

Col= Iso-Body~ [so~Haber Sam Water Water Sam-
Animal tope lect tope,Water

Mode Dose Bkgd Dose Dose ple Dose Dose ple
ce ce cc cc ce

gms

1 240 Tee 0210 Ted ol 72 4.8

0 002he8172 Tee 01 722 2h0

3 0 1210 6,3 6.3 OL 6.3 hee 02

7.2 1 Tok Pl 72 P2210 IP

5 220 IP 16.6 6.6 PL 6.6 tee A P2

1 Ve 18 P2
6 24,0 IP

210 6.3 0.83 6,3 Th 0,3 Le

8 220 6,6 .6 L1 6.6 heh L2

9 230 16.9 6, Ll wed he FY) é L

A = 3.08 x 103Table 4.
uc cc

Procedure for Third Animal Experiment
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che First

The results of the first animal experiment are pres

sented in Table 5, The overall efficiency (E) of the system

for a saaple collecting time of four and oe half hours

after the had been injected intr eritaie

was measured to 5,231. The initial injected aotivity
for this run was approximately <.5 x us. the results

wore based on a confidence level higher than as calculated

by the atutisticel analysis in Appendix Ti, 'The

bioleical efficiency (ny) was 5.70537 and the mea~

4

ied for tne BO mu

filter paper.



Count= Total ctiv-Confi Filter- ActivityItem Sample ing Counts ity Fence ing
ime Level Time

=C"Min. -uc/ee

5Background 51 10.2

Background of 2 cc
2 evapora: d animal 5 7h 14.8

urine

Background of 20cc
3 ~filtered animal 20 372 18.6 4 min

urine-S00m filter

4 52ec evaporated 1.01x1020 531 26.6 AL
sample

~65 20ce¢ filtered 20 509 25.5 Bok 35 sec 0.59x10
sample~SO00m filtey

IP injected
activity 22,45x10 Sample= uc (256080. 98x107) Volume

ce

Evaporated Filtered
Activity 1,3x10 5Activity= uc ~ uc

Ep 9.05% i 5% & 0.53%

3

4

Table -5.

Results of First Animal Experiment



second Anima Uxperiment

A summary of the results of the second animal ex=

periment is presented in Table 6. and the data is con=

tained in Appendix IV. 'he measured overall system

efficiencies(#0) were in decreasing order; 1,237 for IP,
C.9L: for L and 0.3657 for 052. Tae measured biclozical
efficiencies (4B) followed the same order and were; 29.7%

for IP, 2 for L end 8.79 for 0. The measured filber~

ing efficiencies were approximately the same for the three

methods, 3.95. t,305.
Curver of the measured total activity (in microcuries)

and the measured concentration of activity (in microcurtes

per cubic centineter) as a function of time after con=

are shown in Figures ¥. and #.



Isotope
Mode Oral IP Lung

Injected =a
1.67x10 1.49x10

2Activity 1, 58xL
= Ue

Sample OL 02 03 Pl P2 P3 Ll L2 L3

Volume
-00 8. 5 15 10.5 32 ly. 5 25

Evaporated 5 554.61 4029 3061 1.79 1.36. 1.85 beh3
Activity x10
= Uucsee

Evaporated 5,42392= 5058, 3
1.88 1.5 1.58 2658 1.11

Activity xLO x10
- usc

Filtered 8,01 6.70Activity xLO 306, x102069 xO
heh ¢ x103.9, x10

3038
= uc/ee x10

Filtered Go& 867
Activity 5xLO x10 xL0~5

45d
xL0~5
2.83

x10~
48h 1.25 5003 8.42

= ue
x10 x10~

Ep 2oh8h 30 Deb 30319 11.26 8.977 17.3% 7oh6%

1.73% 1.51% 8.726 1.5% Be2 7% 1.95% 7.6%

0.043% 0.05% 0.6 0.2% 0.758 0.31% 0.57%0.297

8.756 29.h 2h.

th, Lol5% 4.06% 3.65%

0.365% i. 0.91%

5

Table 6.

Results of Second Animal Experiment
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C. Third Animal. i:

A summary of the results of the third animal exper-

iment is presented in Table 7. and the data is contained

in Appendix IV. The measured overall system efficiencies

(20) were in decreasing order; 2.15% for IP, 0.66% for L

and 0,396% for 0. The measurad biological efficiencies

(233) were; 5.137 for IP, 2.08% for Land 2.51% for 0, The

measvred filtering efficiencies(4F) varied by as much as

a factor of 1.5 from the mean of 324 and weres 485 for

21.45 for L and 15.75 for 0.



Isotope Mode Oral IP Lung

Injected
Activity= uc 9.

Sample OL 02 Pl P2 L2

Volume=- cc 16 385 19 33

Evaporated
Activity 5

5.59 509k 1.03 Ledk 702, 1.4
=Uc/cc x10 x10 x10

Evaporated 8.94 1.43. 3.0. 1.75 1.34 4.62Activity 5 x1074 x10~4
= uc

Filtered 3.68 4.83 2.46 2.96
Activity x10 x107/ x10
- uc/ce

Filtered
2.78 8.83 2.1 1.86 4.68 9-7Activity x107> 5x105 x10~6 x1026uc

0.97% 1.55% 3 1.8% 1.51% 0.53%

Ep 31% 6.1% 70% 10.6% Bhe 21%

0.3% 0.096% 2. 0. 26 0.549 0.12%

2.51% 513% 2.08%

31.4%15%

2.45% 0.66%0.3964

3 3

Table Ts

Results of Third Animal Experiment
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BEUTIUN VI

DisCUSSION AND GONC1U81CNS3

A. First Animal iment

The first animal experiment which was designed as a test

of the effectiveness of the proposed mathod consisted of con-

taminating three animals intraperitoneally (IP). IP was

closen because it was considered that it would the larg-

est excretion of radioactivity and'7 thereby determine quickly

if the method nad merit.

The results of the experiment which are presented in

Table 7 showed that the method was practicable and effective.

The overall efticiency ("0) of the system was measured to

be 0.537 based on an initial injected activity of .25 x 10

uc, a sample collecting time of four and one-half hours and

a statistical confidence level of greater than 14.
The measured biological efficiency (#3) which repre-

sents the percentage of the injected activity that is ex-

creted in four and one-half hours was 5.05713. The measured

filtering efficiency ("F) of 5.84% for the 800 m paper

3

was considerably less than the average filtering efficiency



reactor covulant, "his result

proves 4s nostulated in Section TV 3., that the croposed

bio-agsay aod could not be evaluated by merely mixing re-

actor whaobact with urine and that the reactor coclant would

have to be injected into manus.s to account for the actual

effects of the body. The resson for the low filter ny

may 3? dve to the fact thet a high percentage of

for

@

the large-sized varticles which are eactest to filter were

retained the body.

yen though ths filtering efficiency not very large,
+

the method was aule bo conclusively detect excreted activity

Prom an infectsd activity of 2.45 x 1073 uc which is consid

erably less than a body burden o° 10 ue for cobalt, 62,

BR, Seeond nimal Experiment

The second animal experiment consisted of contaminating

three animals by each of the three methods, intraperitoneally

(1P), intrapulmonarilly (L) and orally (0). The results

whch are presented in Table 5. show that the mammals ex=

ereted radioactivity in decreasing order of activity fron

the IP, L and 0 methods of contamination. This confirms

an a priori evaluation of the three methods which have an

39.



of vovoranes for the rMicactivity t.
pass for the TP, L and 5 processes,

The overall filtering efficiencies ("F) for the twenty-
fsur hour ware measured to be apovoximately the same

{3.95% o255) for the three nrocesses, This may indicate

that the body assimilated snd treated the vadioaciive par-
in the same marner according to the sise

regardless of the mode of even th agh

monde e ted a rate xf the

of cech method Lire wita tine

iged varticles tend to be abserbed faster and *here?cre

excreted sooner fror the hedy then the particles.
the latter, of course, have a higher filtering efficiency
die to the small pore sise of the filter paner.

The overall efficienctes (#0) follow the sane pattern

+

+4

The

filtering
hes thee the erafter the

ae the biological efficiercies ("8) and each process has

a measured overall efficiency (40) thet is different, nanely

1.21% for I°, 0,974 for L and 0.365% for 0. Ali sigh the

overall system efficiencies are not large, these mst be eval-

uated realizing that the total injected activity was only

about .5 x uc which represents mich less than 1.0%

10,



of 5 hoey burden (lOve) of tebeEt 50 for # humen.

ve or the mensured total activity (in microcuries)

ond the neagured concentration {in microcuriss per cubis

for tha three processes an a function of tire

ave thom yn Figures 5, and 7. Both these curves show that

the total activity and the concentration of activity meesur=

ed iy tha eveenration method decrease wth time; but,

more sienificantly, since the filtering efficiency increasss

with tine, the total activity snd the concentratioa of ate

tivity noasured by the filtration metho? increases wth

fires in this second errerirent (Table 3) is most

tine, Therefore, the Tiltretion method eccording to the

etPienctous when the urire semetcs to be eral a consist

of the volas from 54/2 te 234/2 hours after the exposure.

Ce Third Animal Exneriment

The third animal experiment also consisted of contan-

inating three animals by each of the three methods, intra-

peritoneally (IP), intrapulmonarilly (L} and orally (0).

The results which are presented in Table 7. confirmed the

determination in the second animal experiment that the

mammals exereted radioactivity in decreasing order of ac-

hile



tivity from the IP, Z and 5 processes.

The overall efficiencies (40) measured during this ex~

periment were, 2.45% for IP, 0.6737 for E and 0.3964 for

The biclogical efficiencies (48) varied in approximately

the same ratio as the overall efficiencies (40). The file
tering efficiencies ("F) however, varied by as much as a

factor of 1.5 from the mean value of 3<4,

This experiment which consistea oi collecting samnles

from different + ote ay@ invervals then the first exneriment

showed thst tag blo-assay method is most ev When

the sa.oles are collected the first ten neurs Tier

the exvcusure.

D. Combined

A summary of the results of all the animal experiment:

is contained in fable 05, the reproducibility of the over-~

all system efficiencies ("0) for comnarable ganpls colleat-
ing times appears to be quite zood. The overall efficiency

q

of the first IP experiment of 0.53% for a four and one-hall

hour sample compares very wel] with the overall efficiency
of the second IP experidment of 0.465 for a combined five

e



Table & Combined Results



and one hef hour The overall efficiencies bes ed

on the totel ectivity measured in the two teenty-four bheur

experitonte were 1.8374 .62 forPa TP, 0.787 .1e% for 1

and 0.3%; 2.0% for O. esults confirm thet trare

are distinct differences in the bod:r'g reaction ts setivity
injected by the three processes a? that the contamination

process can be easily identified.

Although the oversil efficiencies (

well, there were larve differences in the bio ogics] (43)

and filtering (F) efficiencies between the second and

third experiments. these differences are probably not due

to the differences in concentration of the radioactivity
used in the tuo experiments (arnroximately 1 x ue/ee

aa 3 oz rhe seeend and third

respectively) because the body's resecions should proceed

ah the sause manner fcr each concentration. The most pro-

bable rease for the differences in "B and 4s that the

chemistry control of the reactor plent, from which the

samples were obtained, was modified between the Line the

samples were obtained for the second and third experiments.

The change consisted of operating the reactor with higher

chemistry control (10) which would result in more



insoluble out less total corrosion and wear products. fhis

change probably resulted i higher perconzace of Larca-

sized particles in the third experiment t: 542 the second

efficiencies (+3) »

19)
the second

A

Ch, ile the MN?

filtering efficiencies (4F) were sual] because f the hich

of particles, However, for the thici ex-

periment, the measured b a .fiieleacles (-J) wereaT

small, decause 5, is not as a for bhe

te pass Tame une ooly, Welle She we olus,ed wta ad oO;

were Thy le othe awk DOSo vlu Lo e 1

@ chauyes in detail, faa vore igperta 1 1% was not

necessary because che ovicall

were very da ible even Wa tne Q on pt cause

size qua to tid Caamges an culagtry wntrol and 01 civ

ferences in concentration of whe Bese wo Jes y

have different operating histories and variations in chew

istry control prior to an aceldenb. tess

very little effect on the Limited amount of experinenLation

performed, che mevhod was snow vw oe effective ind SL

ged

effi sa BY Ae as

uate

eter planes

aE

tisable for performing, a quica and eccurate dete ination



of the arcs of anv internal

™he the second sbow thet the over

efficiencies for all the three processes vere preatest

for the sammlas- collected an d a3tfe hours aftersen 5L/.

the exnosure, Since third exneriment had the bichest

the sales collected during the

first 10 hours, the comoined results indicate that the method

would oe UF

L 3

the period approximately ve 5 te le hou Li Ler the ineldent.

day, the avove conclusion is corsidered We since

literature (9, 1¢) does not contain cases where the activity

overall efficlencies for

u

fere cu Ay

ner unit Aime inereases beyond tne fires day andexcret

half.

The reSerance methed used in all the three experiments

consisted of the $06 mm filter naner, During the econ?

animal experiment, the 5% filters weremeasured to V8

27% more efficient for strat than the

Howcver, meesuramamts made during the ce@ccad tia Do exeoek cit



using radioactive urine (lung method only) showed that the

300 wma filters were only 17% more efficient than the AO0 m

filters. These slight differences in filtering efficiencie s

are not considered significant enough to justify the longer
h

filtering times asaociated with the 300 mm fliters nok to

compare with the large biological differences to which the

system is inherently subjected.

The filtering efficiencies measured during the ex-

periments cannot be interpreted to mean that the same per=

sentage of the activity consists of particles of greater

than 800 sise. Rather, it should be considered that

the filter is trapping some insoluble activity that consists

of particles greater than 800 m size, and other soluble

and insoluble material by methods such as surface tension

effects, absorption, adsorption, electrical effects causing

repulsive and attractive forces, and mechanical reductions

in the pere gizea due to the sediments contained in urine.

F. Evaluation of Results

The results of all the experiments performed showed

that it was possible, using the reference method for sampling

periods during the first twenty-four hours after a reactor



ineident, to detedt approximately 0.5% to 2.5% of the total

activity injected. The total aotipity in the cases tested

varied between 2.5 x ue to 1.5 x 10™ uc. Hence, it
ean be concluded that it is possible to detect less than a

body burden of radioactivity based on assuming thet cobalt - LO

@ which has a body burden of 10 uc, is the predominant

radionuclide in reactor coolant. To determine exactly what

percentage of a body ourden can be detected by the system is
not amenable to rigorous analysis, However, the following

twe approaches are possible,

First, we can determine the winLam sensitivity of the

syetem or the activity in human urine which can be counted

by the reference method and sonsidered atatiatically sige

nificant. This caleulation is performed in Appendix IIT

and the minumm activity in urine which can be detected

with 317 confidence by the syatom is 2.5 x uc/ec.

Now, the literatures (12) contains a single case of co-

b t 60 contamination which was completely evaluated,

It was determined by whole~body counting thet the two per
sons contaminated had each inhaled 0.5 uc of cobalt 54.

During the first day after the incident the activity in

the urine was 2 013 3 1075 uc/ce. Since the bedy burden



for cobalt 60 is 10 ue, our miniwim system

28 10 uc/ee is equivalent to being sble to detect 0.5%

of a body burden. Thie conslusion is independent of any.

relationship between the mamma s used in the experiments

and man Since it is based on the phyéical limitations of

the counting systen and actual tuman results from the

Literature.

Secondly, we can determine an approximate relationship

between man and the mammals used in the experiment. The

dosage required to give the same number of uc/gm would be

an inverse ratio to the weizhnts of the two species. The

ratio of the volumes of urine excreted in a day from each

of the two species, would form a dilution factor. The

above two items combined with the biological correlation

factor (13) between Spracue--Dawley rats and man of

imately six to seven will form our relationship factor.

rat x 000 * 6
s(man) £0 co(rat)

Therefore, the foregoing calculation suggests that the re~

lationship between rats and man is approximately one. Since

our system was able to detect a total injected activity (0 or L)

of approximately 1.0 x 10 uc, this is equivalent to being



able to detect approximately 0.1% of a body burden. Phis

rough estimate then compares favorably with the previous

determination. As is the case in all
the method sheuld be tested in humans if practicable.

50.
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wake3

in 1 ie project - NSLStB

of vacuum filtering urine obtained during the first

twenty-four hours after an internal bedy expesure to beta-

gamma in the reactor coslar.t from pressurized

water reactors. The filters are MMM ru pore size which

are counted in s counting systen that includes

a leadeshicided detecting element, "he ethod wos ewa-

Juated by contaminating memmas with reactor ccolant from

& oressuriged water reactor and assuming that the coolant

consisted primarily of cobalt, 60,

The major conclusions the work are summarized as

follows:

1. The reproducibility of the overall ef«

ficiency of the method (1.33 for activity injected

intrancritonsally, 02.77% _ 12% for activity injected intra

ike wy ret eyo

fe

be

* a for activity injected erally) of
appearéd to gv This was true for the threeA

animal rans which accounted for different animals different

5l.



concentrations of the reertor and different distri-
bution of particle siaes the pt" coolant. the latter

condition affected the biolovical and filtering efficiencies

net the overall svstem efficiency; that is, the coolant

with ea high percentage of larve~sized particles resulted in

lower biolorical efiicieney but a higher filtering afficiency
than the coolant with a high percentage of small-sized

particles.
,. The overall system efficiencies were measured to ve

highest during the tive interval aporoximately six to twelve

hours after the similated internal body exposure, the sys~

tem would therefore be most efficacious if the samples were

obtained during that tine interval.

3. the OO rm filter paper was determined

to be the most useful since it permitted larcer samole

volumes to be filtered many times faster and shoved only

aporoximately 17> less filbering efficiency than the 300

mi filter paper.

&. The minima coneentration of radio-

activity in urine that san be detected by the counting

system is 2.5 x uc/ec. Based on the(Appendix xI2)

eubalt 54 body burden of 10 uc, the bloeassay method is



icapable of detecting

Because the method was cevised to provide a ranid method

for evaluating possible significant amamts of

ternal Oly detailed studies te improve ali

pects of the method are net warranted. It is congidered to

be snd in its present form Jor initially

evaluating canes of porsibie internal eon tion. Howe

ever, some aspects might be studied furtner. An additive

or wetting agent that will allew faster fi tering

be helpful since the filtering tines will vary consideravly.

In conjunction wivh this a vacuums filtering system

might be investigated, «also, more studies with animals

could be performed to determine the exact time after the

ineident when the filtering efficiency and biological

alficlensy produce 'the highest overall system efficiency.

As is the gase in all biological studies, the metned should

be tested im humans if practicable,

536



1

hew Lorin,
wiley, 1955.

Hina, Ge Jd. and Brownell, Ge Le Dosimetry,
Rew York, Acaummis cave, 1625 .tan

oe, A A

ue ser
BUM+ yarnitccon» Delay Uy oe

ae we Lt}& axi ty LOY

De 16 Usd. ABO, 1959.

Sehrodty 'i
be

peairieenh,
he Started rhe,GEM

3 , 1957.hington736, pe

fe Ancestor, Ge "Che unan 2 sarber,
wa, ist.

8. from December 1957 toOceaber
12507 1960,

9, Perkins »
TheRelationship of PlomAusayay! E 02Nee

Land Go tet + tan hy whet Gtk wow ry
eamnt 5 hon, a, G38hebkiy toe nanan 2900.

Steiner, F.C. 'ieneral Sleetrie Coupany, Parsonal
Gomuridcatdoft.

Countian Pechvicues, rocedures and
eenBove

5h.



Sedlet, J., Pobinson, d. and Fairnen, 4, A Sots,
ab Arguing

Washington 1025, p. 107 1959.

1

13. Appraisal of the Safety of the Chemicals in Foods,

of Food and Drauc Officials of the Unie
td of America, Texas, 1960.

he

lh. Anderson, E, and Libby, W. F. Low Level Counting,
Advan in Plological and Hedileal Physics,
Press, 1957.

157. Evans, R. D. The Atome Nucleus, eGraw-HiLl 1955,

55,



APPENDIX I

Calculation of Activities

Pup counted bythe Gelyer-Suellar system ( 1)

x x 1.1 x 10 x

where A = measured activity in ue/ce

B = background in o/m

rity of calibrated source in

prous backgrounc ) in of/mured activity

MOSEL of ad sources in o/m

counting of =
df/m per c/n

ones,

= ue per d/m ( 5 3.7 x« i" dfs )

¥ = volume of saaple in ec

For Soc evaporatud samples:

x Bg...
052 Sy 15

az { 5 eB) x 50723 210°? uo/ec

For filtered samples:

Aw (C=B) x1x174% 14 uc/cc
7
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The problem of low level counting is to

obtain the desired decree of statistical precision in a

minimum period of time. Low-level counting can be defined

29 the determination .of such MBB anounts of radioactivitr
that the counting statistical error is the factor Limiting
the attainable precision. This usually implies that the

net count rate obtalnaole from the sample is smaller than

the onekground rate, or at least, not sreatly larger than

it. oince the backzround and the sample counting rates are

random processes, they obey the ¢nal random error law, that

ia the Poisson wistribution (1), According to this law,

fundamental to all calculations of counting errors, the

standard ceviation of a count is given by the square root

of the total number of evants observed,

total events recorded

averase rate

aj rt
the Standard deviation

counting tine

5174


