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Total Filter<4 Activity
Counts ing
Time
-C

Background - 3/24/61 71

Background of Z2cc
evaporated animal
urine

Background of 20cc
filtered animal urine
- 800m filter

Ol-2cc evaporated 4,61x10™7

02=2cc¢ evaporated ' ’ h,29x10"5

01-6.5¢c filtered 8,0x10~7
= 800mu filter

02-13ce filtered 20,2 | = 6.70x10™ "

= 800mu filter

I8

Pl=2cc evapcrated 1.79%x10°

P2-2cc evaporated 1.36x10%

P18 500 fdtored ' 2,69x1070
= 800mu filter

P2-9¢cc filtered : g,hoxlo"é

- 800mu filter

L1&l.2-2cc evaporated 1.85x10“h

LIk12.058 Boo 11bered 20 3.47x10~C

- 800ma filter

refilter of 6.5¢cc of 47
P1 (10) -800mu filter 150 30 3.95x10

refilter of 12cq of é
L18L2(13) -800mu filter 152 3044 | OO

5

Data from Second Animal Experiment

61.




Eonfid Filter
-ence| =ing Activity
Sample Time
-~ g ~uc/ce

Background - 3/25/61

03= 2cc evaporated 2= 3.6}(10"'5

P3= 2cc evaporated h.9hx10-5

L3= 2cc evaporated 2 g 4.a3x10'5

03- 9.5cc filtered : 5. 3,06x1070
= 800m filter

)
P3= 10cec filtered 5 £ 3.90x%10
= 800mu filter

6

L3- 10cc filtered ‘ 3.38x10"

-~ 800mu filter

L3- 10cc filtered i 3.97x10"C
= 300mu filter :

5¢c of coolant l.27x.‘].0‘1L
= 800mu filter

5ce of coolant 1.28x10™4
= 800mu filter

5¢¢ of coolant ' | 1.35x10~4
= 300mu filter -

5cc of coolant ‘ 1.7hxlo-h
- 300mu filter

Data from Second Animal Experiment
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Ponfid|Filter- | Activity
—-ence| ing
Level| Time
-~ -uc/ce

Background 6/27/61 -

Background of 2cc
evaporated animal
urine

Background of 10cc
filtered animal urine
~ 800m filter

Ol=2ce evaporated

Pl=2cc evaporated

Ll-2cc evaporated

0l=1hcec filtered
- 800mu filter

+ | P1=10ce filtered
= 800mu filter

L1=17ce filtered
- 800m filter

02-2cc evaporated

P2-2cc evaporated

L2-~2cc evaporated oehR

ja13
02=7ce filtered 123 12.3 =2
= 800m filter

1.52-
P2-6,.5cc filtered 10 126 12,6 o8
= 800m filter ;

G

L2-10cec filtered 10 125 12,5 owe
= 800m filter

Data from Third Animal Experiment
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uranium salte and discovefed their

ebive property (1) Madame Curie; during her celebrated
reriments with uranium minerals,
polomium and radium i
new era in which man was required to dse techniguss to measure
radiation and to be able

It was many years before experimenters realized the full im-
plications of rediation. he important characteristic of radiation
is that its absorption by matter causes atams to ionize (2)., This
accounts for its bilological significance. It now became paramount
to be able to measure all forme of ra ion so as to protect
personnel.

-

At the 3econd International Congress of

N et nTes A T OON 3 oo TR o
Stockholm in 1948, the International

of x~ray protection and later with radioactivity protection.

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

ganized in the United States under the sponsorship of the National Bur-
eau of Stqndards. In 1946, this committee was reorgenized as the National

1.




%

Committee on Radiation Protection and Measurements(NCRP),
The NCRP through its various subcommittees publishes in-
formation eoncerning all aspects of radicactivity protect-

ion. Information concerning internal exposure to

icactivity, which is of concern in this report, is

ntained in National Bureau of Standards Handbook 69 (3).
handbook lists permissible concentrations of radice

ible amounts

all cases
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Internal contamination refers to radiation exposure
from radionucliides that have entered the body. The nuclides
may enter the body by inhalatien, ingestion or a sorption
through a wound. Permissible concentrations of radio-
miclides in air and water are derived from ex perigents on

and estimates of their somatic and genetic effects. The

NCRP has recommended such limits in National Buresu of

Standards Handbook 69 (3). The basis for these limits is

that no sigificant bielogical effects would be expected
from continuous exposure througheut life to concentrations
of radiomiclides at these limits. The calculation of the
permissible concentrations of radionuclides invelves the
following factors:
1. The initial body retention of the radic-
nueclide,
The effect of the radionuelide on the

specific crgans which




radionueclide (for example, Strontium %0
ulates in the bane.)

fraction going irom the blood and

b 4 s
60 LT

in the body of the
miclide (egual to the gecmetrie mean of the
physical half-life of the isotope and the
biclogical half-life.)
Ihe 1imiting dose rates established for the
various beody organs,
Limiting dose rates mentioned in 9. above have been

determined from medicsl experience with %~ and gamma rays,

from experiments on animals, and by comparison with natural

bahykaraund exposures or those that have been encountered
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L=00 ‘of 10 mieroeuries (3), or some fracticn

sreci, should be the mi deteptable limit to consider

u'ulu ¥

method useful for its intended purposes. From

a biowassay
he information presented in Table 1, it is alsc apparent
moat limiting nuelide for large

variations in the concentratio
for long times after reactor shutdown, which

intemal

G. Propoa




COLUMN A

COLUMN B

COLUMN C

COLUMN D

NUCLIDE

Mn-56

2.6 hours

Typical
Concentration
in Reactor
Coolant during

Operation

uc/ce

—

Typical
Concentration
in Reactor
Coolant
48 hours after
Shutdown
uc/ce

NBS Handbook

69 Permiss~

able Concen-

tration in
air

uc/ce

Relative
Amount _3
Col.A 10
Col.C

Na=2l

15 hours

A

W-187

hours

2l

A

Fe=59

45 days

5

Hf=181

46 days

5

Co=58

71 days

Ta=182

112 days

Mn=54

300 days

>
5
5

Co=60

5.2 years

L

Activity

Table 1.

of Reactor Coolant from a Typical Pressurized Water Reactor
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of the following:

Computer indicator

manufactured by Nuclear Chiecag

% » iy 5
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radionuelides
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or and Lead Zhisld

shown in Figure

The lead shield houses the tube mount

sembly; bhe detecting element and the

amples when beir unted The shield

inches of lesd

gonsint-




of internal




Figure 3 - Components of General Counting Equipment

A. Tube Mount Assembly E. 3=-Ft. Coaxial Cable

B. Aluminum Absorber Set F. 1-Ft. Connecting Cable
. Sr 90-Y90 Reference Source Set G. Sample Positioning Shelf
. G=M Tube, Type 220T (% Inch) H. Aluminum Absorber Shelf
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bedy organs

Intreperitoneal s Stomsch Intubation Intrapulmonary

Figure L, Manmalisn Processes

22




o4 the radiocactivity introduced and therefore eliminated

this variable in determining if the body reacted differently

+0 each mammalian process,

Special treatment the animals was performed prior
¥ M

g " . S am w4 T & o 3o 0 N Y ™ &indi y
to and during the experiments 'his treatment consisted

of a) elimination of fou take for eight
and during the exp

b) hydration during th

¢) regulated environmental conditions in
ditioned roem., The animals were hydrated
normal urinary excretion rate and we::

oPTIMUM AVD
a favorable conditien for absorption of

into the body fluids |
be excreted in the feces and
gleal concern).

"

G. HReference Method

hours prior to

an Slr=cone

The animals were combined in groups of three for eacf

method used, orally, intraperitoneally and int

rapulmonary,

Tn this manner, the volumme of the samples collected would

be larger and the difference in the biclogical processes




removed

¢counted by

count-~

P e | vn‘ 4 oy
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o

to the total

measn

2L T

excreted in the

- - [ o | &1
remainder of the pooled

placed in 2
he
was desimn
Finally, the ratio of the
counted in a filtered samnle to the tota
of 48 and &F)

ciency (E,) of the system

process flow sheet for the systen

outlined in Figure K/ §.

All o« i the calibration of the counting

equipment was performed in aceerdance with reference 1l.




A=Total Activity Injected

Andmalstz

3 * .

fotal Activity Collected
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first experimental

animal run consisted of injecté
intraperitoneally with a total volume of
A pocled sample of 22 c¢c¢ of urine
was collected after four and one half hours. These animals
were fasted for eight hours proor to and during the ex-

periment and were hydrated prior to the experiment which

was performed in an air-conditioned room,
The second and third animal experiments cmmsisted of

nine animals each; three in:each experiment contaminated

ntraperitoneally, intrapulmonaryx and orally. These ani-
for eight

and during the
CT?"SZ,‘“"“ it

iment, and during the experi-

» restricted to an alr-conditioned reoms The
complete schedule (body weights, isc

stope deses,; hydrating







o1

02

018

02

03

01

02

03

Pl

P2

P3

Pl

Pa

P3

4o8

Pl

P2

P3

4.8

Ll

L2

L3

k0

L1l

L2

L3

L0

Ll

L2

L3

Table 3 &
Procedure for Second Animal Experiment

*A = 9,34 x 1O°3uc/éc




Body-| Iso=
Animal ieight| tope
Mode
gns

240

Ll Ve o l,?

*A = 3,08 x lO“juc/cc

Table 4.

Procedure for Third Animal Experiment
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Count=| Total WActiv- Filter- | Activity
ing Counts 1By ing
Time Time
~min.| =c -c/m -uc/ce

Background 51 10,2

Background of 2 cc¢
evapora. d animal
urine

Background of 20cc
filtered animal
urine=800m filter

2¢ce evaporated
sample

20cc filtered
sample=800mu filter

IP injected 3
activity 2,45x10™ ) Sample

= uc (25¢c20,98x107) Volume
- cc

Evaporated Filtered
Activity Activity
= uc - uc

5.9%

Table 5.

Results of First Animal Experiment
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Isotepe
Mode

Injected
Activity
= ug¢

Sample

Volume

= GG

Svaporated
Activity
- ue/ec

ivaporated
Activity
= ue

Filtered
Activity
- uc/ee

Filterad
Activity
= ue

Eg

3.23%

0.29%

8.75% 29.7%

L.15% k. 063

0.365% 1.21%

Table 6,
Results of Second Animal Experiment
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Isotope Mode Oral TP Lung
Injected 3 <3
Activity- uc 9.24x10™ 9.24x10 8.7x10™>
Sample oL 02 P1 P2 L1 L2
Volume- cc 16 2 29 38.5 19 33
Evaporated 5459 5.94 1.03 LeShe | 7.02 1.4
Activity x10™ x106 | x107 | x10 X100 | x10-6
-uc/cc
Evaporated 8.9l -1 1.3 3.0 1.75 1.34, | keb2
Activity x10™ | x107¢ | x0™% | x10-4 | x107% | x10~5
- uc
Filtered 1o 3.68 Te2l 483 2,46 2,96
Activity X102 | xi0=7 | x0° | =077 | =06 | x0~7
- uc/ce
Filtered
et 2.78 | 8.83 2.1 1.86 468 975
R X075 | x10~6 | x0™* | x1070 | xi075 | x10™
By 31% 6.1% (] 10,6% | 3L.2% | 21%
"o 0.3% | 0.0963 | 2.2 | 0.2 | 0.58 | 0.,1%
E,
8 2.51% 5.13% 2,08%
Bp 15.7% L8% 31.4%
£ 0.396% 2.45% Depis

Table 7.
Results of Third Animal Experiment




veriment

@Klﬁbfjjﬁafﬂ;)vsliﬁi was designed as a test
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yle colleeting time of | ind one-half hours and

-

tical confidence level of greater than L N.
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sents the wivity that is exe-
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Totalg

Byl Ag

5.8 0.55%

Bp | B

3,23%

29§7%| 4064 1.214

1.51%

8.7573| 1, 15%, 3654

=l hr, s
%|1.95%

2k, 74 3.65% 0.914

By

-

ba |29

1.89%

5.138 4sb | 2.454

0.3%

1.55%

2.51% 15.7%?., 396%7

34, 2%

0.54%

0.53%

21%

2.08%

i
31.1%0,?1;; 0. 66?4

Table 8. Combined Results
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using radioactive urine (lung method only) sh

300 mu filters were only 175 more efficient ti

filters. These slight differences filtering efficiencie
are not considered

filtering times associated with the 300 mu

o

compare with the large biocleglcal differences to which the
system is inherently subjected.

fhe filtering efficiencies measured during the em-~
periments cannot be interpreted to mean that the same pere
¢entage of the activity consists of particles of
than 800 mu size, Rather; it should be considered that
the filter is trapping some inscluble activity that consists
of particles greater than 800 mu size, and other soluble
and insoluble material by methods such as surface tension
effects;, absorption, adserption, electrical effects causing
repulsive and attractive forces, and mechanical reductions

in the pore sizes due to the sediments contained in urine.

F. Evaluation of Results

The resulis of all the experiments performed showed

that it was possible, using the reference method for sa.vapling‘

periods during the first twenty-four hours after a reactor
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based

rature.

Secondly, we can determine sn approxim
between man and the mammals used in the experiment,
desage required to give
an inverse ratio to the
ratio of the volumes of urine excreted

»

of the two specles, would form a dilution factor. The
above two items combined with the blologieal correlation

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

imately six to seven will form our relationship factor,

man  ©0,000gms

o4 T P X - ’
Henee, rat 200gms ( 000 co(man) x66Red.

Therefore, the foregoing calculation suggesis
latienship between rats and man is ately one,
our system was able to detect

of approximately
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