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I THE METABOLIC PROPERTIES OF VARIOUS MATERIALS
Joseph G, Hamilton, M.D.

Project 48A

Tracer Studies

Jo G. Hamilton and K. G. Scott

The Metabolism of Carrier-Free Radio-iodine in_ the Rat

One of the phases of our work with astatine, which has now been
written up and submitted for publication, was a detailed series of tracer
experiments using carrier-free radio-iodine in the rat.

Five groups of three Long—Evans strain female rats were used.,
Their body weights ranged from 170 to 200 grams. Each animal received
37 microcuries of radio-iodine by intravenous injection. Each group of
three animals was maintained in a cage with a fine mesh floor, below which
vwas a large porcelain dish for the collection of urine, The animals were
sacrificed at 1, 4, 9, 13, and 24 hours after receiving radio-iodine. The
radio-iodine content of the organs, tissues, body fluids, and excreta was
determined by counting the gamma rays with the crystal scintillation coun-
ter in order to secure the maximum degree of efficiency of assay, since these
preparations were counted wet and were not subjected to any chemical treat-
ment to isolate the radio-iodine.

Certain orgens and tissues were pooled from each of the five groups
rather than measured individually. These tissues included the brain, pancreas,
lymph nodes, ovary, adrenal, pituitary, lacrimal, and salivary glands,

The assay of large organs, notably muscle, skin, and blood made it oblig-
atory to secure aliquots whose weights ranged from 2 to 10 grams. In the
case of the skin, the entire pelt was removed and four aliquots taken from
the pelt of each animal for assay. Seven percent of the total body weight
of the animals was assumed to be the mass of blood present and the value
of the hematocrit was assumed to be 45 percent, The introduction of this
factor was necessary since the blood, which was heparinized, was separated
into plasma and cells. The total mass of muscle was assumed to be 45 per-
cent of each animal's body weight. The factor for estimating the total
content of radio-iocdine in the skeleton was 8 percent of the total body
welght of the animal. The balance was reported as the residue containing
I3l which was in excess of the iodine calculated to be present in muscle
and skeleton.

% Previous Quarterly Report UCRL-1826.
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Results, The data obtained for the distribution of radio-iodine
is presented in Table I. Apart from the concentration of radio-iodine by
the thyroid gland, another noteworthy observation is the relatively high
though transient accumulation in the stomach, gastro-intestinal contents,
and skin., It may be noted also the cell-plasma ratio i1s still relatively
high, even up to 24 hours, which suggests that even at this time interval
relatively little radio-iodine has been released from the thyroid gland in
an organically bound form such as thyroxine. In most instences, with the
exception of the thyroid gland, the concentration per gram of each tissue
at the five time intervals declines at very nearly a parallel rate for the
content of radio-iodine in the plasma.

Discusgion. These results present several interesting points.
The apparent selective secretion of iodide ion the stomach has been re-
ported by Schiff et al,l and Johnson and Albert.? A similar ghenomenon,
though less marked, has been reported by Davenport and Fisher” to have taken
place with bromide ion.

1 L Schiff, C. D. Stevens, W. E. Melle, M. Steinberg; C. W, Kampke, and
P. Stewart, Jour. Nat., Cancer Inst., 7, 348 (1947).

2 H. W, Johnson and A. Albert, Endocrinology, 48, 669 (1951).

3 H. W. Davenport and R. B. Fisher, Am. Jour. Physiol., 131, 165 (1940).



Heart
Muscle_
Skgleton
Skin
Cells(Bl.)
Plasma
Brain

Eyes
Kidney
Liver
Spleen
Lymph Node
Lung

Stomach

1 hour

% per % per

organ gram -
0,17 0.25
10,2 0.13
3.19 0,26
21,& 0,72
2.67 0.41
3.88 0.62

0.05 0,034
0,043 0.13
0.47 0,37
2,27 0.30
0,18 0,23
- 0,17
0.57 0,51
6,11 6,01

TABLE I

THE DEPOSITION OF I3l IN THE RAT 1, 4, 9, 13, AND 24 HOURS AFTER
INTRAVENOUS . ADMINISTRATION.. VALUES ARE EXPRESSED.IN PERCENT OF
ADMINISTERED DOSE, .EACH ANIMAL RECEIVED 37 MICROCURIES OF H3l,

% per
organ

0.14

8,09

Ro42
1406

2,28

2.97

0,037
0,027
0.42
1.89

0.18

0,39
3.73

4 hours

% per
gram

0,17
00092:
0.18
0.45
0,33
0.43
0.021
0.10
0.27
0,20
0,17
0.12
0,29

3.30

'9 hours

# per % per
organ gram
0.073 0.10
4,17 0.049
1.17 0.091
9.33 0.31
1.37 0.19
1.54 0,23
0.022 0.012
0.015 0.049
0.23 0.15
1.05 0.14
0.088 0.093
- 0.071
0.26 0.17
Re24 1795

13 hours

% per
organ

0,07
4,03
1.09

7.94

0.99
1062

0,02

0,012
0.24
1.02

0,078

0.22

1.56

% per
gram

0,10
0.052
0.091
0.26
0,16
0.26
0,012
0,039
0,17

0.14

00094’
0.063

0,17

'1 042

24 hours

% per
organ

0,032
1.38
0.42
3,76
0.31
0.63
0,014
0,010
0,091
0.57
0.032
0,074
0.45

% per
gram

0,044
0,019
0.038
0.14

0.055
0.11

0.010
0.026
0.071
0.093
0,035
0.032
0.065
0.46

226T~TU0N



Heart
Muscle.
Skgleton
Skin
Cells(EL.)
Plasma
Brain
Eyes
Kidney
Liver
Spleen
Lymgh Node
Lung

Stomach

TAELE I

THE DEPOSITION OF I3l IN THE RAT 1, 4, 9, 13, AND 2/ HOURS AFTER
INTRAVENOQUS . ADMINISTRATION.. VALUES ARE EXPRESSED .IN PERCENT OF
ADMINISTERED DOSE. .EACH ANIMAL RECEIVED 37 MICROCURIES OF 31,

1 hour

% per
organ

0017

10,2

3,19

21.6
2,67
3088
0.05
0,043
0,47
2,27

0,18

0,57
6.11

% per
gram

0.25
0.13

0.26

0.72

0,41

0.62
0,034
0.13
0,37
0.30
0,23
0,17
0.51

6,01

4 hours

% per
organ

0,14
8.09
R.42

14.6
2,28
2,97
0,037
0.027
0.42
1.89
0.18

0.39
3.73

% per
gram

0,17
0.092
0,18
0.45
0.33
0.43
0,021
0,10
0.27
0,20
0,17
0,12
0,29
3.30

9 hours

% per % per
organ gram

0,073 0,10

4.17 0,049
1.17 0.091
9,33 0,31

1.37 0.19
1.54 0,23

0.022 0.012
0,015 0.049
0.23 0,15

1.05 0.14

0.088 0.093

- 0,071
0.26 0.17

224 1.95

13 hours

% per
organ

0.07
4,03
1.09
794
0.99
1.62
0.02
0.012
0,24
1,02

0,078

0.22

1.56

% per
gram

0,10
0.052
0,091
0.26
0.16
0,26

0.012

0,039

0.17
0.14

0,094
0,063
0,17

1.42

2/, hours

% per
organ

0,032
1.38
0.42
3,76
0.31
0.63
0.014
0,010
0.091
0.57
0.032

00074
0.45

% per
gram

0.044
0,019
0.038
0.14

0.055
0.11

0,010
0.026
0.071
0.093
0.035
0.032
0,065

0.46

ce6T~THON



- 1 hour
% per % per
organ gram
Sm. Int, 3.05 0,69
Cgécnm 0.20 0.30
Lg. Inte . 0,35  0.28

G: I? ] Cop.nt. :1401
Pituitary .= <0.005

0.012

Adrenal
Pancreas 0.25
Ovary 0.033

Thyreid 5,55
Lac, Gland -

Sal. Gland 0.080

Balance 10.7
Urine 11.6
Feces. - ,0.30
ﬁecovery 9797,

©5
0.15
0.33
0.31

2740

0.18
0043

4 hours
% per % per
organ gram
2,41 0.43
0.16 0.2
10.29  0.19
12.7 -
€0.005  <0.5
0.010  0.10
oziai 0.16
0.023  0.18
10.1  484.0
- 0.17
“9985 -
29.3 -
1.25 -
103.0 -

- TABLE I

“Continuéd
9 hours
% per % per
organ gram
1.33 0.27
0.19 0.21 -
1 0.19 0.13
bt -
<0.005 <0,5
0.006 0,065
0.06 0.082
0.014 0.10
23.6 1220.0
- 0.081
0,020 0409
7.54 -
33.7 -
069 -
93.1 -

13 hours

% per % per
organ gram
0.80 0.19
0.30 0,32
0.22 0,17
12,38 -
<0.005 <0.5
©.005 <005
0.037 0.087
0.013 o1
18.2 1010.0

- © 0,094
0.024 0,11
4.63 -
39.3 -
0,75 -
86,0 -

24 houfs
% per | % per
orgah gram
0.31 0.682
0.059 0.089
0,066 0.057
2.18 -
{0,005 <0.5
{0,005 <0.05
0,015 - 0,036
0.005 0,038
28,0 1630.0
- - 0,032
0.010 0,046
3.11 -
53.7 -
1.10 -
96.3 -

2TH6T-ToN
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The interpretation of these metabolic studies with radio-iodine must take
into consideration the synthesis and release into the blood of organic
comgounds of iodine from the thyroid gland, such as thyroxine: Taurog et
Since the metabolism of. thyrox§ne appears to be different than that
_f iodide ion, according to LeBlond,’ tracer data such as that presented
in Table I might not represent an accurate picture of iodide ion metabolism
because of the re-entry of radio~-iodine from the thyroid gland into the
blood stream, incorporated inte- thyroxine. This phenomenon can be relatively
rapid, as has been reported by Chaikoff and Taurog,6 and Scott et al.’
The fact that the red cell plasma ratio fell only slightly at the 24-hour
time interval suggests that except for the thyroid gland most of the radio-
iodine present presumably existed as iodide ion.,

Inspection of the data in Table I reveals that the concentration
in the plasma and that in the tissues and organs drops with the passage
of time at a parallel rate in most instances, with the exception of the
thyroid gland. This observation suggests that there existed during the
" interval that these experiments were being conducted, a rapid equilibrium
of iodide between the plasma and the tissues of the bodyo

The Metabolism of Fission Products in Rats and Monkeys

A comparison of the metabolism of fission products in rats and
monkeys has been initiated. The fission products were prepared from a
uranium target which had been bombarded on the 60-inch cyclotron with deu-
terons, as described in UCRL-1826, The fission products were administered
to both rats and monkeys 32 days after the target was bombarded. A summary
of the distribution of these fission products in the rat, one and four days
after their intramuscular administration, is presented in Table II. The
distribution pattern typical of these elements was observed. Large amounts
were found in the skeletal system and relatively large amounts in such soft
tissues as liver and kidney; they were primarily excreted in the urine.
Forty-four percent and 34 percent of the material administered in the left
leg remained unabsorbed at one and four days respectively.

A comparison of the distribution of the fission products in rats
with that observed in monkeys shows that the fate of these materials in
the primate is very similar to that in the rodent. For example, over 50
percent of the fission products absorbed from the injection site was depos-
ited in the skeletal system., A considerable proportion of the fission prod-
ucts administered was found in liver and other tissues containing reticulo-
endothelial elements. The absorption from the injection site was slightly
greater in the case of the monkeys as compared to the rats, while the ex-
cretion in urine and feces was less. These findings suggest that the relative

A. Taurog, I. L. Chaikoff, and W. Tong, Jour., Biol. Chem., 184, 99 (1950).
C..P. LeRlond, Annals, N.Y. Acad. of Sci., 50, Art. 5, 444 (1949).

I, L. Chaikoff and A, Taurog, Annals, N.Y. Acad. of Sci., 50, 377 (1949).
K. G, Scott, J. C. Reavis, W. W. Saunders, and W. E. White, Proc. Soc.
Exper. Biol. and Med., 76, 592 (1951).

~ oMU
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excretion rate in animals which are larger and of a species more similar
to man, may be much slower than that observed in rats and mice. The data
for the monkeys sacrificed at one and four days are summarized in Table III,
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TABLE II

UCRL-1922

THE DEPOSITION OF FISSION FRODUCTS IN THE RAT 1 AND 4 DAYS AFTER

INTRAMUSCULAR INJECTION,
ARE EXPRESSED IN PERCENT OF ADMINISTERED DOSE.

-VALUES ARE CORRECTED FOR RECOVERY AND
EACH RAT RECEIVED

3.0 MICROCURIES OF FISSION PRODUCTS 32 DAYS AFTER BOMBARDMENT .

Heart

Lung

Spleen

Blood

Liver

Kidney

Stomach

Stom. Content
Sm. Int.

Sm, Int. Content
Lg. Int, |
Lg. Int. Content
Pancre;s
Skeleton

Muscle

Skin

Fat

Brain

Eyes

Pituitary

1 day

% per
orgen

0.05
0.18
0.05
0.83
8,07
1.09

0.35

0,86

0042

0.38

0.49

2,04

0.03
4307

2,03

1.22.

0,05

0.19

<0.01

% per
gram

0.07
0.14
0.07
0.07
1,38
0.92

0,28

1.01

0.23

0.06
3.15
0,03
0.05

0.02

’ 0003

0.65

4 days
% per % per
organ gram
0,03 0,05
0,11 0.08
0,10 0.13
0.23 0,02
13.2 2.52
1.32 0.76
0,08 0.10 .
0.50 -
0.13 0.06
0.27 -
0.16 0,10
1,40 -
0.016 0,03
Lbp o7 3.7
1.47 0,02
0.81 0,03
- 0,01
0,016 0,01
0042 1,27
(0,01 -
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TABLE II
Continued
1 day 4 days
% per % per . % per % per
organ gram organ gram '
Gonads 10,02 <0,01 <0,01 -
Thyroid ¢0,01 - <0.01 -
Adrenal <0.01 - <Q°01 -
Lymph Gl, - 0.11 - 0.10
Urine 33.65 - - 20,15 -
Feces 4,30 - 14.5 -

Left Leg | 4 o2 - 346 -
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TABLE II1

THE DEPOSITION OF FISSION PRODUCTS IN THE MONKEY 1 AND 4 DAYS
AFTER INTRAMUSCULAR INJECTION. VALUES ARE CORRECTEP FOR RECOVERY
AND ARE ‘EXPRESSED IN PERCENT OF ADMINISTERED DOSE. EACH MONKEY
RECEIVED 120 MICROCURIES OF FISSION PRODUCTS 32 DAYS AFTER
BOMBARDMENT .

1 day 4 days

% per % per . % per % per

organ gram organ gram
Heart 0,13 0,008 0,088 0,007
Lung 0,17 0.014 0,13 0,008
Spleen 0,13  0.11 0.11 0,073
Blood 2,12 0,014 0,47 ¢0,005
Liver = 7,97 0.15 10,23 0,16
Kidney 0,66 0,077 1.12 0,16
Stomach | 0.17 0.012 0,092 <0,005
Stom. Content 0.012 - 0.030 -
Sm. Int. 0.80 0,028 0.27 0,007
Sm., Int. Content 0.52 - 0.105 -
Lg. Int. £ 2,23 0,059 0,26 {0,005
Lg. Int. Content 5.64 - 0,27 -
Pancreas 0,032  0.012 0,017  <0.005
Skeleton 53,8 0.11 52,9 0,14
Muscle 50,46 0,006 8024 0,007
Skin _ - 0.17 0,010 0.04 <0,005
Brain - 0,087 <0.005 0.025 £0.005
Eyes , 0,069 0,010 0,052 0,007
Pituitary | {0,005 - {0,005 -

Gonads 0,010 <0.005 <0,005 -
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TABLE III
Gontipued
1 day 4 days
% per . % per % per % per
organ gram organ gram
Thyroid <0.005 - {0,005 -
Adrenal <0.005 - <{0.005 -
Lymph Gl. - 0.012 0,005 -
Gall Bladder =~ (0,005 - 40,005 -
Bile 0,022 - 0,005 -
Bladder Urine 0.046 - <0.,005 -
Urine j 13.8 : - 9.99 -
Feces ' 6,02 | - 15.6 -

Right Leg -7 32,01 - 27.3 -
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Two additional monkeys received fission products at the same time
and were sacrificed 68 and 89 days later. These data are summarized in
Table IV and are complete with the exception that material excreted is not
accounted for. A comparison of the skeletal distribution of the fission
products in monkeys sacrificed at these time periods with the earlier time
periods suggests that the skeletal loss is significant in that at the 68
and 89 days the skeleton contained 28.3 and 30.2 percent of the dose re-
spectively, which is slightly more than one-half of that observed at the one
and four day periods. At 68 and 89 days almost all of the fission products
administered at the injection site was absorbed, there remaining but 13.2
and 10.7 percent of the dose in the right leg.

Blood counts were performed on all four monkeys at vardous time
intervals after the administration of the fission products. As shown in
Table V, relatively little change was observed in the white, red, or dif-
ferential counts, or in the hemoglobin level.

It is apparent that the administration of 120 microcuries of fission
products to monkeys averaging in weight between 4.4 and 9.7 pounds, is not
sufficient to affect any of the blood elements; these changes would be
revealed by the type of measurement done in these studies. The total ra-
diation received by the animals is also considerably reduced because of the
decay of the short-lived components. A decay curve for the material admin-
istered is presented in Figure 1.
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TABLE IV

UCRL~-1922

THE DEPOSITION OF FISSION PRODUCTS IN THE MONKEY 68 AND 89 DAYS
VALUES ARE NOT CORRECTED FOR
RECOVERY AND ARE EXPRESSED IN PERCENT OF ADMINISTERED DOSE.,
EACH MONKEY RECEIVED 120 MICROCURIES OF FISSION PRODUCTIS. NO

AFTER INTRAMUSCULAR INJECTION.

EXCRETA WERE COLLECTED.

DAYS AFTER BOMBARDMENT.

Heart

Lung

Spleen

Blood

Liver

Kidney
Stomach

Stom. Content

Sm. Int.

Sm., Int. Gontent

1g. Int.

Lg. Int. Content

Pancreas
Skeleton
Muscle
Balaﬁce
‘Skin
Brain

Eyes

68 days
% per % per
organ © gram
0,026 <0.01
0.066 40,01
0.11 0,013
0.047 <001
14o4 0.20
0.19 0,02
0,021 - <0.01
. <0,01 -
- 0.04 <0,01
<0.01 -
0,053 £0.01
1¢0,01 -
0.01 <0.01
28.3 0.085
0,042 <0.01
3043 -
0.023  <0.01
40,01 -
<0.01 -

% per
organ

0.044
0,060
0,052
0,01
13.4
0.25
0,017
<0,01
0,053
<0,01
0,070
<0,01
0,01

- 30.2

0,016

2,00

0.023
20,01
0,01

FISSION PRODUCTS WERE ADMINISTERED 32

89 days

% per
gram

40,01

0,014

0,21

0,02

0,01

<0,01

40,01

0,089

<0.01

{0,01
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TABLE IV
Continued
68 days 89 days
% per % per % per % per
organ gram organ gram -
Pituitary <0,01 = <0,01 =
Gonads 0,01 ‘. - (0,01 -
Thyroid 0,01 - 0,01 -
Adrenal <0.01 - <0,.0L -
Lynph G1. <0.01 - <0.01 i,
Bile 40.0L = <0.01 -
Bladder Urine <0,01 - <0,01 -
Gall Bladder <0.01 - 0,015 -

Right Leg 13.26 - 10,75



Monkey

1 day
(Male)

4 days
{Pemale)

68 days
{Male)

89 days
(Pemals)

TABLE V

THE EFFECT OF FISSION PRODUCTS UPON THE BLOOD COUNT OF THE MONKEY, 1, 4, 68,

AND 89 DAYS AFTER INTRAMUSCULAR INJECTION,

CURIES OF FISSION PRODUCTS.

o Days after
. Wbt. {1bs.) . injection
beb 0
1
5.9 0
4
4o9 0
7
5,7 68
5.1 0
7
89

Hgb#

gm/100ce  106/mn3
9.4 4.8
10.0 48
10,2 5,1
10,2 6.1
1201 409 :
11.7 502
12.1 4o3
10.9 4.9
10.9 5.8
11.0 49

BBC

WBC
103 /mm3
17.7

_2L.7

12.0

13.1

21.3
21.7

20.5

17.3
16.5
16.8

EACH MONKEY RECEIVED 120 MICRO-

"Differential WBC = %

Lymph
39
48

64
52

68

73

51
57
72

Neut

50

46

32
38

26

17

33
39
23

Base
X

0.5

# Based on human blood standards - normal male 14,0 grams, female 12.0 grams.

Eos -

3
1

Mono
7
bod

mg Iw

226T=THON
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A Gomparison of the Effects of Tracer and Therapeutic Amounts of Nac4 in
Altering the Sodium Space of Radio~sensitive Tissues

Studies have been initiated of the comparatlve radlation effects
of a beta emitter such as sodium with an alpha emitter such as astatine in
rats. The first group of studies reportg% here deal only with sodium in
tracer and therapeutic amounts, using Na“* which was prepared by the bom-
bardment of sodium chloride w1th deuterons in the 60-inch cyclotrono

The rats employed in these studies were given either tracer;or
therapeutic amounts of Na?4 and were sacrificed at two and five days after
the administration of the radicactive sodium. The relative deposition of
the sodium after its administration to both of these groups of animals is
shown in Table VI, In the therapy group Na?4 plays the part of the irra-
diator, as well as being its own tracer., The distribution of the sodium at
the time periods shgwn is similar to that observed in earlier work done
at this laboratory,®?” in which Na?4 was used as a tracer after rats were
given x-ray irradiation. The relative irradiation effect on separate tis-
sues can be illustrated as the ratio of the percent of Na24 per gram of
tissue over the percent per gram in the plasma. A comparison is made of
the tracer and therapeutic groups. Such a ratio represents a simplified
expregsion of the relative sodium space and the extracellular fluid of any
tissue. Any expansion or contraction of sodium space in any tissue which
may have resulted from the radiation received by the animals to whom ther-
apeutic doses were administered is reflected by a change in the ratio.®s
Thus tissues which are radio-sensitive would be mare likely to show changes
in the relative sodium space than tissues which are relatively radioinsen-
sitive. For example, in the group sacrificed at two days, an expansion of
sodium space was observed in spleen, liver, and the skeletal system., At
the five day period the effect observed in spleen, liver, and skeleton had
disappeared. An examination of Table VII shows that one tissue, the skin,
had a marked reduction in sodium space at both the two and five day periods,
Relative changes in sodium space of tissues which are presumed to be radio-
ingensitive were not observed,

At the time of their sacrifice the rats used in these studies had
blood counts taken., No reduction was observed in the animal 8 sacrificed
at the two day period but the white cell count was markedly reduced in the
therapy group sacrificed at five days. These data are summarized in Table VIII,

The blood counis of the animals receiving iracer amounts of Na24
agree with the blood counts observed in the control rats in this laboratory.
&n investigation of ten normal animals showed a white cell count ranging
between 6400 and 11,000. Of these cells the lymphocytes ranged from 4500
to 8700/bm3, neutrophiles 200 to 1900, basophiles 100 to 2000, eosinophiles
0 to 300, and monocytes O to 300,

8 J. Z. Bowers and K. G. Scott, Proc, Soc. Exper. Biol. and Med., 78,
645 (1951),

9 J. Z. Bowers and K. G. Scott; Proc. Soc. Exper. Biol. and Med., 78,
652 (1951).



TABLE VI

THE DEPOSITION OF Na?4 IN THE RAT 2 AND 5 DAYS AFTER INTRAPERITONEAL INJECTION

OF TRACER .AND THERAPEUTIC DOSES.
EXPRESSED IN PERCENT OF ADMINISTERED DOSE.

RECEIVED 0.83 AND 7,0 MILLICURIES OF Na?4 RESPECTIVELY.

Hgg%i

Lung 

Spleen
‘Plasma

RBC

Liver

Kidney
Stomach

Stom. Content
Sm. Int,

Sm, Int. Content
Lg. Int.

Lg. Int. Content

2 days
Tracer Therapeutic
% per % per % per % per
organ  gram- organ  grem.
06 0.6 -0.23 0.2
0.35 0,23 0.50 0.31
0,058 0.11 0.090 0,30
4,21 0.60 5.31 0,76
0.45 0,063 0,63 0.090
1.28 0,15 2.28 0,31
0.43 0,26 0.46 0.30
0.14 . 0.18 0.21 0.19
0,22 - 0.61 -
0,74 0.21 0.71 0,30
1.00 - 0.93 =
0,27 0.16 Qo31 0,23
0,87 - 1.08 -

5 days
Tracer
% per % per
organ gram
0,090 0.10
0.21  0.14
0,053 O.ll‘
le§9 0.29
0.29 0.043
0,63 0,11
0,22 0.13
0,10 0.12
0,10 -
0.42 0.14
0.58 -
0,18 0.14
0.65 -

VALUES ARE CORRECTED FOR RECOVERY AND ARE
EACH TRACER AND THERAPEUTIC RAT

Therapeutic
% per % per
organ gram
0.15 0.16
0.37 . 0.20
0.055 0.17
2,77 0.41
0.46 0,07
- 1.35 0.16
0.35 0,21
0.16 0,16
0.15 =
0.62 0,20
1.09 -
0,26 0.20
1.19 -

-81=
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Pancreas
Skeleton
Muscle
Balance
Skin
Fat
Brain
Eyes
Pituitary
Gonads
Thyroid
Adrenal
Lymph Gl.
ﬁrine

Feces

TABLE VI

Continued
2 days

Tracer Therapeutic
% per % per % per % per

organ gram organ gram
0.080  0.13  0.093 0.26
6,14 0.41 9.67 0,68
10.3 0.103 15.5 0.17

8.40 - 6.01 -
9.34 0.26 5036 0.17
- 0.033 - <0.01
C.34 ‘0020 0.30 0,17
0.07 0,28 0.036 0.14

<0.01 - <0.01 -
0,022 0,12 0.032 0.19

<0,0L = <0,.01 -
<0.01 - 0.03 0.44
- 0.09 - 0,22

52.6 - 45.3 -

2.56 - bob2 -

Tracer
% per
organ
0.12
5,12
6.95
6,32
5.40

0,20
0.046

<0,01
0,028
0,020

0.017

67.9
2.39

5 days

% per
gram

0015
0,37
00074

0.17
0,049
0:11

0.17

0.16
0086
0018

0.32

Therapeutic
% per % per
organ gram
0.10 0.16
8.19 0.59
11.8 0.13
AoAQ -
JAYA 0.15
- {0.01
0.29 0.16
0.035 0.14
{0.01 -
<0,01 =
0,01 -
<0.01 -
= <0.01
58,1 -
3.68 -

-6T~

226T~T8oN
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Flutonium-Versene Studies
A large fraction of the manpower at Crocker Laboratory has been de-

voted to a continuation of a study of the effects of Versene upon the meta-
bolic pattern of plutonium in rats. These data have been written up as a
publication and will appear separately,
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TABLE VII

THE RATIO OF Na?4 TISSUE CONCENTRATION OVER FLASMA CONCENTRATION OF THE RAT,
2 AND 5 DAYS AFTER INTRAPERITONEAL INJECTION OF TRACER AND THERAPEUTIC DOSES.
EACH TRACER AND THERAPEUTIC RAT RECEIVED 0.83 AND 7.0 MILLICURIES OF Na<4

RESPECTIVELY
. ';455 Tissue
Ratio = gram
._L Flasma
gram
2 days : 5 days
Iracer Therapeutic Tracer Therapeutic
L % std. % std. % std. % std,
ratio dev, ratio dev. ratio dev, ratio dev.
Heart 0,28 5.25 0.33 bo24 0.34 12.1 0.39 6.67
Lung 0.40 5,00 0.41 3.41 0049 19.4 0.49 10.2

Spleen 0018 6055 0,039 3058 Ool}o 4003 . 0043 1307

Plasma 1.0 - 1.0 - 1.0 - 1,0 -
RBC 0.1 39.0 0.12  23.4  0.16 54,7 0,17  9.41
Liver 0.25  11.9  0.40  19.5  0.37  15.4 0,40  4e25

Kidney 0.42 6.43 0,39  10.8 0.45 169 0.51  13.7
Stomach  0.30  24.0 0.25 275 0,41 40,5 0.38 1.82
Sm, Int, 0.36 hebd 0,39 3.59 0.48 16,0 0048 4017
Lg. Int., 0,28 7.14 0,30 2.30 0.48  16.0 0.48 5063
Pancreas 0.21  14.3 0.34  10.8 0.54 66,7 0.40  17.1
Skeleton 0,68 5.88  0.90 3,11 1.28  19.0 1.47  21.1

Muscle 0.17 4.12 0.21 11.3 0.26 15.4 0.31 5048

Skin 0.42 6.19  0.21 3.41  0.59 9.32  0.37 13.5
Fat 0,055 40,0 - - 0,18 117.0 - -
Brain 0.32 9,06  0.23 3,11 0.37 9.73  0.39 6.92

Eyes 0.47  10.9 0,19  35.6  0.62  60.2 0,33  15.2



Gonads
Thryoid

Adrenal

Lymph Gl.

=22~ UCRL~1922
TABLE VII
Continued
2 days 5 days
Tracer Therapeutie Tracer Therapeutic
% std, % std. %.std % std.
ratio dev. ratio dev, ratio dev, ratio dev.
0.20 10,0 0.26 2.75 0,59 115.0 - -
- - bt - 3:28 5000 - bt
- - 0058 45:)5 0070 5406 - -
0.15 47.8 0,29 65,7 1.15 111.0 - -
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TABLE VIII

THE EFFECT OF Na?4 UPON THE WHITE BLOOD CELL COUNT OF THE RAT, 2 AND 5 DAYS
AFTER INTRAPERTIONEAL INJECTION CF TRACER AND THERAPEUTIC DOSES. EACH TRACER
AND THERAPEUTIC RAT RECEIVED 0,83 AND 7.0 MILLICUIRES RESPECTIVELY.

Tracer

2 day

5 day K
B
C

Therapeutic
2 day A

B

5 day A
B

C

BAverage of

WBC /om

X lOOY

Lymph
x 100

Not determined

22,5
23,0

2800

23.0
12.5

2.0
0.5

0.5

10 controls 90

Range of
controls

64-110

17
13
18

lodd

0,28

0.37

69

45-87

Differential = WBC

Neut Baso Eos Mono
x 100 x 100 x 100 x 100
3 1 1 1
6 2 1 1
5 4 1 0
14 2 1 0
5 1 1 i
0,04 0,08 0,38 0.06
0,20 0,02 0 0
0,13 O 0 0
11 7 1 1
2-19 1-20 0-3 0-3
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RADTOAUTOGRAPHY
1131 and £t?11 in the Pituitary Gland of the Rat

G. W, Asling and Gretchen Thilo

There have been reports of the fixation of the halegen bromine in
the pituitary gland of the rat. Experiments have been instituted in this
1aboratori in an attempt to demonstrate this effect with radiocautographs,
using 13l ang at?dt

In the first experiments each of three rats received 3.6 microcuries
of 1131 by intravenous injection and was sacrificed 1 hour later. The pi-
tuitary glend was dissected out carefully to include the stalk. The tissues
were spread on cellophane and sealed over with a second piece of this material.
These preparations were assayed on the scintillation counter and sufficient
activity was found to be present to warrant their use. They were then placed
against Kodak No-screen x-ray film and clamped in a cassette. After proper
exposure the film was developed, revealing black smudges which appeared to
be autographs from the 1131 in the tissue,

Studies are in progress to establish the uptake upon a more quanti-
tative basis and to attempt to localize the accumulated radio-iodine by the
radloautographic technique,

In a further experiment, two rats received 100 microcuries of A1l
by intravenous injection and were sacrificed 1 hour later, The pituitary
glands were dissected out as before and fixed in 10 percent neutral formalin.
Assay with the scintillation counter, utilizing the 80 Kev x-rays, revealed
an uptake of approximately 0,02 percent., After fixation the tissues were
dehydrated, imbedded in paraffin, and cut in serial sections which were floated
in sequence onto the emulsion of NTA stripping film. The_exposure time was
96 hours which was long enough for almost all of the A1l to decay. The
film was then developed and the sections stained, At2ll tracks were found
in some sections but the condition of the itissue was such that no definite
conclusions could be reached. This problem will be investigated further,

At211 Leaching Experiment

Gretchen Thilo

The observation that varying degrees of leaching of astatine from
thyroid tissue occurred when either Bouin's solution or 80 percent alcohol
was used as the initial fixative, made it desirable to conduct a number of
experiments to evaluate this problem,

Six rats were given astatine by intravenous administration, and
were sacrificed 18 hours later. Each rat received 50 microcuries of asta-
tine since this dose level was considered to be the upper limit that could
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be used without significant radiation damage during the 18-hour period.

The individual thyroid glands of the animals, two animals to each group,

were suspended in separate vials., One pair of vials contained Bouin's
solution, a second pair 10 percent formalin, and the third pair 80 percent
alcohol. Each preparation, tissue and fixative, was assayed by use of the
scintillation counter., Subsequently all six specimens were individually
transferred te six vials containing 80 percent alcohol, for 30 minutes.

At the end of this time they were @gain transferred to 90 percent alcohol

and 95 percent alcohol and then were subjected to three treatments with 100
percent alcohol and finally two solutions of xylene. The time interval for
each of these immersions was 30 minutes. The astatine content was again
determined for the original fixative, the 80, 90, and 95 percent alcohol
solutions, the three 100 percent alcohol washings, and finally the two Xylene
washings used to clear the preparations. The three 100 percent alcohol '
- washings and the two xylene washings were cambined. At the end of the pro-
cedure the thyroid specimens were embedded in paraffin; preparatory to the
NTA strlpping film radioautographs. A summary of the distribution of asta-
tine in the fluids used for the fixation and clearing of the thyroid tissue
is presented in Table I,

It is evident that relatively little leaching took place in Boudn.s
solution and that initially a quite marked degree of leaching took place with
80 percent alcohol, but that thereafter apparently very little astatine was
lost, The results obtained for 10 percent formalin indicate that nearly
as much leaching took place as in the case of 80 percent alcohol but that it
was distributed to a considerable degree between the various solvents em-
ployed.,

This evidence suggests that when 80 percent alcohol was used as
a fixative, the astatine which was leached out was readily accessible to
the initial treatment with 80 percent alcohol and that which remained behind,
following the initial fixation, was presumably relatively inaccessible to
either alcohol or xylene., Boudin's solution would appear to render astatine
quite inaccessible to either the original fixative or the subsequent solutions
employed for dehydration and clearing of the thyroid tissue. A comparisen
of the radiocautographs prepared under these three conditions indicated that
the results obtained with either initiael fixation with 80 percent alcohol o
10 percent formalin, were very similar; the wvse of Bouin's solution itended
to smear the preparation with a greater number of tracks, producing a back-
ground effect which made the interpretation of the radiocautographs more dif-
ficult, This effect presumably was due to a more or less random distribution
of the less tightly bound astatine which seemed to have been dissolved out
from the thyroid gland when the other two fixatives were employed.
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TABLE I

THE LEACHING ACTION OF DIFFERENT FIXATIVE AGENTS AND
SOLVENTS EMPLOYED TO FIX, DEHYDRATE, AND CLEAR THE
INTACT THYROID GLANDS OF RATS WHICH HAD RECEIVED
ASTATINE., THE VALUES GIVEN EXPRESS THE PERCENT OF
THE TOTAL AMOUNT OF ASTATINE IN THE THYROID GLAND
PRESENT IN THE DIFFERENT SOLUTIONS.

Solvents Fixative

Bouin's 10% Formalin 80% Alcohol

0.7 6.9 59.2
80% Alcohol 1.9 . © .. 28,8 1.0
90% Alcohol . o2 9.8 0,6
95% Alcohol 0.5 0.5 <0.2
100% Alcohol (x3) - 0.8 3.3 0.5
Xylene (x2) 0.8 20.6 0.2

6.9 49.9 61.5
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RADIATION CHEMISTRY

High Energy Particle Irradiation of Aqueous Solutions of Organic Substances

Warren M. Garrison

Further studies have been made of the volatile and neon-volatile
products formed by high energy helium»ioikirradiation of oxygen-saturated
solutions of acetic acid containing CH3C~*00H. The detailed discussion of
the experimental procedures employed and evidence for the production of
succinic acid and_tricarballylic acid have been described in the preceding
guarterly reportol Suceinic acid was found to be the principal non-volatile
product at radiation levels below 1 x 1041 e.Vo/ml. Tricarballylic acid
began to appear at this radiation level, These acids were separated by par-
tition chromatograph % on silica columns, using a method based on the work
of Marvel and Rands.< In this procedure water adsorbed on silica acts as
the immobile phase. The eluant is water-saturated chloroform-butanol solu-
tions made increasingly polar by the addition of increasing amounts of n-
butyl alecohol to chloroform; At radiation levels above 10<l e.v./ml a total
of six separate peaks were observed. The clé activity peaks corresponding
to succinic and tricarballylic acids always showed an exact correspondence
with the titre for the appropriate carrier acid. The cl4 activity associated
with the other non-volatile acid products, however, did not give an exact
correspondence with the titre of ‘added carrier acids known to be eluted at
approximately the same positions., 4As previously reported, three of the non-
volatile product acids co-eluted very closely with carrier malonic, malic,
and citric acids. The behavior, however, was quite striking in that although
the carrier titre and product activity curves overlapped almost completely
in each case, there was a definite displacement in the peaks, Since malonic,
malic, and citric acids might be expected as radiation products, particularly
because succinic and tricarballylic acids had been found, it was felt that
this very close correspondence in the three cases could not be fortuitous,
Subsequent work has shown that these three acids were indeed actually pro-
duced. The observed discrepancy between the clb.labelled radiation product
and a titre of the added carrier acid resulted from the fact that more thaz
one product acid was being eluted at the same position, giving the appearex :&
of a single peak slightly displaced from the corresponding carrier iitre,
This phenomenon was detected by a change in column conditions which made it
possible to fractionate all of the displaced activity peaks and to show that
they contained the anticipated products, as well as others as yet unidentified,
The procedure used was a modification of a method of partition chromatography
on silica based on the work of Bulen et al? In this method the chleroforis-
butanol eluant solutions are saturated with 0.5 N sulfuric acid to changs
the rélative position of the peak eluant volume, In the work reported here,

1 UCRL-1826
2 C. S, Marvel and R. D. Rands, Jre, Joh.GoSo, 72, 2642 (19507,
3 WO A Blﬂ.en, Jo Eo vamer” and Ro Go Bur"rell, Analo Chemog _2_!;9 }..ng.'-' (1962)0
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0.5 N hydrochloric acid was substituted in order that the cl4 activity might

be counted by evaporating an aliquot of the eluant. A sample of the activity
which corresponded very closely to malonic acid in the first column separation
method was co-chromatographed with malonic acid carrier by this second pro-
cedure. The titre and activity curves are shown in Figure 1. The elution
curve which previously indicated only a single peak has been fractionated,
showing the presence of several other radiation products in addition to an
activity corresponding to maloniec acid. To verify the identity of this product
as malonic acid, a sample of the activity was separated in the manner described
above and was then re-chromatographed with added malonic acid, using the

method of Marvel and Rands. The exact correspondence between the malonic

titre and cl4 activity is shown in Figure 2. This product was further iden-
tified as malonic acid by melting point and mixed melting point determinations
on milligram amounts of the product isolated from 400 ml of acetic acid which
had been bombarded in the centrifugal pump target assembly previously reported,
Similar results have been observed by applying the modified Bulen method to

the cl4 activity which gave a peak effluent volume almost identical to that

of malic acid as previously reported. Figure 3 shows the co-elution curve

of this activity with malic acid carrier, using chloroform-butanol solvent
mixtures saturated with 0.5 N hydrochloric acid as the eluting agent. A
sample of the activity corresponding to malic acid was again co-chromatogrsp hed
with carrier by the method of Marvel and Rands, The almost identical elution
curves are shown in Figure 4.

A similar fractionation has been observed in the case of the product
activity peak which eluted with citric acid in the Marvel and Rands procedure,
& sample of this activity after fractionation was co-chromatographed with
citric acid carrier, using water-saturated chloroform-butanol mixtures as the
eluting agent, This correspondence is shown in Flgure 5.

Although the production of succinic and tricarballylic acids had
been established as previously reported, these products were also co-chro-
matographed with the appropriate carrier, using the acid-saturated series
of chloroform-butanol mixtures., In neither case could fractionation be de-
tected. Exact correspondence with the respective carrier acids has always
been obtained. A typical elution curve using the modified Bulen method is
shown in Figure 6.

Because of the importance of establishing unequivocally that tricar-
ballylic acid had been produced in the bombardment of acetie acid, a third
method of partition chromatography on siliga gel was employed. The procedure
used is similar to that reported by Neish.” In this instance benzene-butancl
mixtures saturated with 0,1 N hydrochloric acid were the eluting agents.

The superimposition of the activity and titre curves is shown -in Figure 7.

4 W, M, Garrison, H, R. Haymond, H. Powell, C, Corum, and J. G. Hamilton,
"A Centrifugal-Pump Target Assembly for the Cyclotron Bombardment of
Liquids", UCRL-1809.

5.4, C, Neish, Can. J. Research, B 27, 6 (1949).
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The experimental results obtained to date on the non-volatile prod=
ucts of the irradiation of acetic a¢id solutions have established that sSuc—
cinic, tricarballylic, melonic,; malic, and citric acids are formed., Experi-
ments now in progress will permit the quantitative determination of the yield
~of each of these products as a function of total energy absorbed in solutiocn.

In addition the effect of concentration and particle energy are being investi-
gated, Preliminary studies in which deuterons and protons were used as bom-
barding particles indicate that the same products are formed with these ra-
diations with somewhat different relative yields,.as would.be. expected. from
the nature of the reactions involved. A detailed discussion of the possible
mechanism resulting in the formation of the above products is in preparation.

In addition to the work on non-volatile products, analyses have been
made of gaseous products formed in the bombardment of both oxygen-free and
air-saturated solutions of 0,25 N acetic acid, Gaseous product yields cal-
culated from mass spectrometric data obtained by Dr. Amos Newton are given
in Table I. The interpretation of these results, together with the non-
volatile product yields will be discussed in the forthcoming reporte
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TABLE I

GASEOUS PRODUCTS FROM HELIUM-ION IRRADIATED ACETIC ACID SOLUTION

Target Solution

0,25 M Nale 0,25 M HAc 0.25 M Hic
(Evacuated) (Air sat,) (Evacuated)
59,6 18.1 625

1.9 0.3 2,1
29,3 8.4 22,1
<0u4 <03 {044
0,2 574 { 1.9
£0.04 143 €0.6

- 0.6 0,02
10.2 3.3 11.8

S p—— " ——— Clay—————

101.6 102.7 101.4
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The production of hydrogen peroxide during the bombardment of aqueous
acetic acid solutions has been studied. A series of 11 ml samples of oxygen-
saturated acetic acid solutions were bombarded with a 0,2 microampere beam
of 35 Mev helium ions., Hydrogen peroxide as well as possible organic perox-
ides were determined, A sample of the solution was firs}y titrated with ceric
ion in the cold by the method of Greenspan and MacKellar” to determine the
hydrogen peroxide, This method has been found not to titrate peracids or
organic hydroperoxides. These data are shown in Curve 1, Figure 8, To a
second aliquot was added excess arsenous oxide in amounts sufficient to react
with both hydrogen peroxide and any organic peroxide which may have been
presen‘t.(,%7 The unreacted arsenous oxide was then back titrated with standard
iodine sclution. (Curve 2) Hydrogen peroxide yields are shown, Figure 8,
Organic peroxides could not be detected.

Additional information has been obtained on the effect of high energy
helium-ion irradiation of hydrogen-saturated solutions as part of our general
study of radiation induced synthesis of organic substances. In & previous
report we have shown that oxalic acid, formaldehyde, and at least eight other
compounds are produced. This work is presented in UCRL-1857,

6 F. P, Greenspan and D. G, MacKellar, Anal. Chem. 20, 1061 (1948),
7 S. Siggia, Ind. Eng, Chem., Anal. Ed., 19, 872 (1947).
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-IT BIOLOGICAL STUDIES OF RADIATION EFFECTS
d. Ho Lawrence, M,D. -~ in charge

Project 48A-1

Mutations to Increased Radiosensitivity in Yeast Cells*

Cornelius A, Tobias and Bonnie Stepka.

Working with haploid and diploid Saccharomyces cerevisiae Zirkle
and Tobias (1) arrived at the conclusion that radiation can inhibit cell
division in haploid cells by inactivating any one of a number of "genetic
sites®, and in diploid cells by inactivating any corresponding pair of a
simllar number of sites essential to cell division.

An important aSpect of the explanation of inhibition of cell division
by radiation was the finding that a single ionizing particle can either
completely inhibit cell division or leave intact the essential links of the
cell division mechanism. In the diploid cells, however, complete inhibition
occurs only if similar damage has been done on corresponding sites of both
sets of chromosomes.** If only one set of chromosomes is affected, the pos-
8ibility exists of having produced Munpaired™*## and perhaps "recessive lethal®
modifications. '

If the unpaired damage in the irradiated diploid cells is inherited,
then colonies grown from individual irradiated cells should still carry the
defects. When cells of such colonies are irradiated again, those which have
unpaired or recessive lethal defects will behave like partially haploid and
‘partially diploid cells., Partially haploidized diploid cells have already
been described by Latarjet and Ephrussi (2)

¥ Preliminary report of this work appears in Federation Proceedings, 10,
#3, 595-601 (Sept., 1951), and in the Symposium on Radiobiology, eaited
by J. J. Nickson, John Wiley and Sons, New York, 1952.
#%* When the exposure is with x-rays most of the time the two chromosomal
sites are damaged by two independent secondary electrons., With ions
a single particle can occasionally cause inactivation to a pair of sites
(1)e In some strains of yeast the action of a single secondary electron
can also inhibit cell division in a small percentage of cases, as found
by Mortimer since the completion of this work. See a subsequent chapter
of this report,
¥#% In the present report the term Munpaired®™ will be used instead of "re-
cessive lethal%, The radiation induced defects to be discussed are
"recessive lethals™, but they are not recessive in the sense that they
can presumably alter dominantly some of the functions of the cells.
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Theoretical
Let the N survivors of N, initial diploid cells, hav1ng n pairs of
sensitive sites and no defects, Be a function of x-ray dose

= Ny (26D - 2Dy (1)
K Z constant

If one of these diploids is preirradiated and as a result receives
r unpaired defects, then on reirradiation with dose D, the progeny of the
defective cell should exhibit a survival curve

N = No (20=°D _ e=2%D)n-r —rxD ° (2)

Figure 1 shows a family of survival curves, assuming n = 16, All
these lie between the survival curves of normal haploid and diploid yeast
cells,

Theoretically it is also possible to calculate the distribution of
the number of unpaired defects in a large group of normal diploid cells pre-
treated with dose Do

It was assumed in the previous work by the authors that radiation
“induced genetic defects occur according to the principles of random statis-
tical fluctuations. Using the method of statistics, one can derive the prob-
ability P. (n, D) of producing diploid cells with r defects in cells with
n pairs of sites after preirradiation with dose D

P.(n, D) = 2¥ — 1l _ e=2(n-r)=kD (=D _ ~2IDYT (3
ri (p-r)!

Methods

The yeast strains were kindly supplied by Professors C. C. Lindegren
and R. E. Zirkle. The diploid strain (our notation SC6-C) was Lindegren's
#93; the haploids were Lindegren's 93.1 C (<) (our notation 8C07-C), The
stock cultures were maintained at room temperature (20 - 25€ ¢) on slants
of Difco potato dextrose agar. All exposure to x-rays was carried out with
a General Electric 200 KV Maximar X-ray equipment, the techniques being sim-
ilar to. Zirkle and Tobias (1).

Experiments and Their Results
(A) Verification of modified survival curves for preirradiated

cells

Immediately after preirradiation by 30,000 r, 10 individual diploid
cells were transferred to fresh slants of dextrose agar and allowed to grow
into colonies at room temperature for a period of one week. Portions of
the colonies developed were then re-exposed at various dose levels and the
survivors assayed. Of the 10 cells picked out at random four cells did not
develop colonies, Two of the surviving colonies exhibited a modified sur-
vival curve clearly between that of the normal diploid and haploid. One of
these is shown in Fig. 2, along with one of the four colonies left with
apparently normal survival, - ,
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This experiment was repeated at various times over a period of one
year, yielding substantially similar results.

Conclusion
Single cell isolates from preirradiated diploid yeasts often have
increased radiation sensitivity.

(B) Constancy of the property of radiation sensitivity in preire
radiated cells

Two colonies with anomalous radiation resistance were left growing
on the original potato dextrose agar slant for a periocd of several weeks
at 25° C, Once a week a new sample of cells was taken and tested for sur-
vival. The survival curve of one of these returned to normal after three
weeks, and another survival curve returned to normal after five weeks.
Data from the latter are given in Graph 3.

Conclusion
Preirradiated yeast cells with anomalous radiosensitivity grown on
a nutrient medium often revert to normal radiosensitivity.

(C) Technique for carrying properties of defective diploid yeasts

After exposure to x~radiation, single cells were placed on nutrient
agar and grown as isolates at 19°.C for five days. At this time cells from
a single colony were re-dispersed on a fresh petri dish and grown as isolates,
At five day intervals new isolates were derived by the same technique from
the previous isolates., Testing of radiosensitivity was done on colonies
of the same age (5 days old) which were kept at 19° C. These were exposed
to x-rays as isolates on the same nuirient agar and in the same petri dish
in which they were grown., After exposure samples for counting of survivors
were prepared from individual colony isolates. The colonies were picked at
random, Fig. 3 visually illustrates the phenomena observed. All the photo-
graphs taken were obtained with the organisms having been grown on identical
medium, temperature and duration of time (1 week), They represent colony
isolates grown from single cells. Both normal haploid and diploid cells
give rise to colonies similar in appearance.  Fig. 35 1, 2. The cells,
dispersed after preirradiation, give rise to heterogeneous magnitudes of
colonies, Fig. 3: 5, some of which appear normal, while others appear much
smaller than normal. The picture illustrates the difficulties encountered
- in counting when the criterion of survival is the appearance of a "visible"
colony, If cells from one of the smaller appearing colonies on Fig. 3:5
are dispersed again on the same medium, one finds that the cells often re-
tain their slower rate of growth, or similarly form smaller colonies, as
illustrated in Fig. 33 3 and 4., Frequently such colonies prove to have
greater radiation sensitivity than normal diploids. These we classify as
cells with unpaired radiation-induced genetic defecis. These defects mani-
. fest themselves as slower growth rate, Thus the induced defects apparently
are not always completely recessive,

Fig. 3 also gives visual indication of the recovery process., On
Fig. 33/ most of the colonies appear very small, hardly visible to the naked
eyeo Few of them, however, appear to be distinctly larger. When cells of
-one of the larger colonies from Fig. 3:4 were dispersed and grown undser
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identical conditions, we obtained photograph 6 of Fig. 3. The colonies ap-
.peared even larger than the normal diploid colonies;, and their radiation
resistance was slightly above normal diploids. Photographs 4 and 6 of Fig.

3 are, therefore, illustrative of a recovery process in which vigor of growth
and radiation resistance are simultaneously improved. In other observed
cases, the recovery appeared to take place in steps. The frequency of re-
covery is of interest. In the case illustrated here one recovery was obtained
for approximately 10,000 cells. There is preliminary evidence available
showing that the recovery rate might in some cases be much faster than in the
case described. Latarjet and Ephrussi (2) have also observed quick recovery
of irradiated diploids. A1l of the available observations point to the
conclusion that the recovery process observed here is step-wise and follows
the laws of random statistics among the cells, rather than "adaptive®,

In an adaptive process all of the cells of the same preirradiated colony would
take part more or less simultaneously. Adaptive processes may have an impro-
tant part in the recovery of yeast cells., However, this probably occurs

soon after irradiation (within a few cell divisions) and it may involve the
rebuilding of some of the impaired enzyme systems, utilizing intact genes.

The experiments described in this section are also useful to differ-
entiate colonies of diploid cells with unpaired genetic defects from mere
mixtures of haploid and diploid cells, which can alsc give rise to survival
curves that fall between the haploid and dipleid case, Survival curves calcu-
lated for haploid-diploid cell mixtures are different from those measured. Alsc
the procedure described in this section quickly separates haploid and dlplo;d cells.

(D) Tests to prove reliability of data on defective and normal Xeas@g

- The microscopic technique of counting survivors is somewhat unreliable.
Occasionally one obtains microcolony counts which for unknown reasons, fall
far from expected average values. It was felt desirable to amass sufficient
data to prove that the anomalous survival curves observed cannot be due to
chance deviations from normal. Since a great amount of work is required to
observe the entire survival curve, a single dose level was chosen, at which
many survival experiments were done.

The normal diploid (SC 6 - C) and a preirradiated, defective diploid
was chosen (20s). A number of colonies from single cell isolates, treated
in the manner described in Section C, were irradiatéd with 35,000 r of 200 kv
x-rays, These experiments were repeated over a period of six months. The
criterion of survival was the same as in the experiments of Zirkle and Tobias
(development of colonies consisting of three or more cells in three days at
19° C), The persons scoring the survivors microscopicelly had no knowledge
of the "history of each sample®, Sixty-six normal and thirty-nine defective
diploid colonies were tested. About 300 microcolonies were counted in each
of the 105 experiments. A histogram showing the distribution of percentage
survival is given in Fig. 4., Numerically the results are given in the first
two rows of Table I.

It is evident that there is a very significant difference between
survival of the normal and defective strain at 35,000 r., The difference
is similarly significant between the defective and haploid; less than 5 per-
cent of the latter survive at this dose,
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TABLE I

- Type of gbo of colony X-Ray Average Standard Difference and

Cell isolates Dose Percent Deviation probability

, tested Roentgens  Survival % -
%

Norma% 66 35,000 81,7 3.6 60,8 £ 4.9%
dip101d \ Very significant
SC6--C P < 0,001
Defective
diploid# s
203 ) . 7 39 ) 359000 2009 304
® Obtained previously from a preirradiated diploid colon?:

The same data also demonstrate the reliability of the experimental
procedure and microscopic counting technique, Of the 3.6 percent standard
deviation of the normal cell data, 2.1 percent can be accounted for as variation

-due to the random statistical fluctuation due to finite number of cells counted;
2.7 percent is variation due to intrinsic properties of the cells themselves,
and human errors in counting,

(E) Frequency of occurrence of defective digloids , '

In the theoretical section, a formula (3) is given predicting the
distribution of diploids with r number of defects after preirradiation of
the normal cells by dose D, At this time, due to the clumsiness of the
technique as well as to the interference by the recovery process, accurate
test of this formula cannot be given, An attempt was made, however, to
..prove that the relative number of defective cells will increase among the
survivors, as the preirradiation dose is increased. Some information was alsc
obtained regarding the actual distribution of defective cells,

Groups of normal dipleoid cells were preirradiated at 15,000, 35,000,
and 50,000 r. Taking cells at random, single eell isclates were grown from
the survivors in the manner described in Section C, and, after 7 days in-
cubation at 259 G, a number of colony isolates were individually reirradiated
to test for their radiosensitivity. The second irradlatlon in each case
was done at the single dose of 35,000 r,

The frequency distribution of the survivals in the second irradiation
is given in Fig. 5. A glance at the distribution reveals that there is a
significant difference between survival of normal colonies and those devel-
oped from preirradiated cells., It is also obvious that there are more radio-
sensitive cells produced by higher preirradiation dose.
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Statistically by means of the Chi square test it can be proven that
for each preirradiation the distribution of survivals is significantly dif.-
ferent from the distribution of survivals in the noarmal SC 6 - C coleny.
This is done in Table II



TABLE II

Type. €ell No. of No. of colonies No. of colonies Chi square Probability
B Colonies with > 75% sur- with ¢ 75% sur- Comparison that distri-
Tested vival after vival after with Nor- bution does

35,000 r . 35,000 r ‘ mals not differ

from normal

Normal SC6-G 66 65 ' 1

15,000 ¢~ - ' _ -

preirradiated 75 50 : 25 - 1.72 ~ 0,01

35,000 r . . .

preirradiated 90 36 L 54 25.9 <0.01

50,000 r - - |

preirradiated 95 37 58 27.5 0,01
70,000 r

preirradiated 63 30 33 16.7 0,01

97~

ZZ6T-T00
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The distribution curves of the isclates derived from preirradiated
diploids in Fig. 5 show a bimodal distribution., Experimentally more "normal®
colony isolates are found among the preirradiated cells than required by the
simple theory. Tentatively this discrepancy may be ascribed to the high re-=
version rates described under Section D,

- When higher preirradiation doses are applied, there should be an
increasing number of surviving cells with high number of unpaired defects,
This seems to be verified experimentally up to 50 kr, However, at 70,000 r
preirradiation, the data do not give evidence for this. Experimentally the
defective cells are harder to handle than the normal ones. The very defective
cells form very small and slow.growing colonies. Possibly diploid cells
with a large number of unpaired defects do not survive; in addition, the
diploid x~ray survival curves as handled in our laboratory have a tail at
high dose levels, which does not fit with the simple theoretical model.

(F) Attempt to produce defective haploid cells by preirradiation.

In the explanations and theories given so far the genetic nature
of the radiation effects was assumed to be essential. Inhibition of genetic
function was regarded as an "all or none" type effect. The defective yeast
colonies were assumed to have one member of a pair of available genetic units
inhibited. It necessarily follows from the theory that in haploids, where
only a single set of genes is available, the inhibition of cell division
should be all or no inhibition; and all surviving cells should be normal,
except for small numbers of cells where single non-lethal gene mutations
might occur in the survivor,

‘ In grow1ng prelrradlated slngle cell isolates, according to techniques
descrlbed in C, it is possible to see obvious differences between haploid
and diploid survivors starting with the second transfer. &bout 99 percent
of haploid single cell isolates develop into uniform, normal appearing colonies.
We were unable to distinguish these from normal haploids. The preirradiated
haploids grow normally in contrast with the impaired growth of some prera-
diated diploidso

For a more quantitative test a survival experiment was carried out
with the SC 7 haploid cells similar to that carried out on the diploids,
as described in Section E. Thé:distribution of survivel was measured in 46
individual normal haploid colony isolates after a dose of 7500 r. The same
experiment was carried out with 44 randomly selected colonies, all of which
were grown from single cells preirradiated by 7500 r. Fig. 6 shows the
distribution of survival of each of the two groups., Statistically there is
no significant difference between the two groups. In support of this the
Chi square test shows that the probability is about 95 percent that the non-
irradiated and preirradiated haploids exhibit the same distribution, (See
Table III).
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TABLE III
Type Cell No. of Colonies' Dose  Average Standard Probability
Tested r % survived error %
Normal 46 7500 523 702 ]
haploids
~95%
Haploids o
Preirradiated 44, 7500 47,0 Tods
by 7500 r

Of the 44 preirradiated isolates there was only one that appeared
to have a significantly greater radiosensitivity than normal. This one
-instance may have been due to chance fluctuations. Also there was one iso-
late that showed 100 percent survival, corresponding to the known fact that
in haploid cultures of S. cerevisiae occasionally illegitimate diploids are
generated.

One does not obtain, therefore, appreciable numbers of haploid cells
with different radiation resistance after preirradiation. Occasionally cells with
considerably higher radiation resistance than normal are found among normal
and preirradiated d1p101d cells, The nature of these cells is being investi-
gated, '

Incomplete Survival in Preirradiated D;Elgld Cells

The x-ray survival curves of preirradiated diploid yeasts follow
within expected statistical variationsthe theoretically predicted defective
survival curves, There are, however, some definite deviations., One of these
is the colony of preirradiated. cells termed 135, If one plates a dilute
suspension of this type of cell on nutrient agar, repeating the procedure
described under (C), development of small colonies is found (as on plate I,
picture 3)., However, microscopic examination reveals that only about 80
percent of all cells gave rise to colonies. - 20 percent did not divide at
all. Upon re-examining the growth of such cells obtained from a week old
plate, it is found that the percentage which starts growing increases, then
levels off to about 80 percent, This is shown on Fig. 7 along with the growth
of normal cells during the same time period., 100 percent of the latter divide
and form colonies. The percentage survival of 13S is the same, whether the
cells are grown at 19° C or at 30° C. Assuming that the deficiency is due
to insufficient amounts of some nutrient, the cells were plated on rich
medium (yeast extract) and the same observations were repeated without ap-
preciable change in the survival percentage. This particular colony (13S)
was also very susceptible to radiation. Much lower doses are required to kill
the cells than those for the normal haploid. Therefore, the type of defect
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described here is probably different from the unpaired genetic defects dis-
cussed in previous sections., We found it very difficult to obtain reproducible
survival curves on the 135S strain, but 500 r was sufficient to cause 50 per-
cent lethal effect, Two other preirradiated diploid strains were found which
also exhibited Mess than 100 percent®™ survival in the non-irradiated state.

Summary ' :

This paper deals with radiation sensitivity of diploid and haploid
Saccharomyces cerevisiame. It is shown that: (a) Theoretically a significant
fraction of diploid cells surviving a dose of radiation (e.g. x-ray) should
have unpaired genetic defects, Defective cells and their progeny should
heve increased radiation sensitivity and the shape of their survival curve
is different from diploid and haploid curves. (b) Experimentally this is
verified. At a dose of 35,000 rep preirradiation, where 81 percent of the
normal diploid cells survive, about 50 percent of the survivors exhibit in-
creased radiosensitivity when grown into colonies. (c¢) In some instances
increased radiosensitivity is accompanied by reduced vigor of growth. (d)
Many of the colonies derived from preirradiated radiation sensitive diploid
cells can revert to normal, both in radiation sensitivity and in vigor.

The reversion process is stepwise and appears to depend on the number of
cell divisions that occur. Typical reversion occurs in 12 cell generations
or about 10,000 grown cells., (e) Some data are presented concerning distri-
bution of the type of defective cells after a given dose of preirradiation.
(f) Preirradiated: haploid yeast cells do not exhibit changes in radiation
resistance. (g) Some colonies grown from single preirradiated cells show
"incomplete survival®, with greatly increased radiation sensitivity. Less
than 100 percent of gsuch cells divide after a transfer to a new medium.
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CALCULATED SURVIVAL GURVES FOR DIPLOID YEASTS
WITH RECESSIVE GENE DEFECTS
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Section II

Theoretical survival curves for haploid,
diploid yeasts and diploid yeasts with
radiation induced unpaired defects. The
number of sensitive sites is assumed to
be n = 16, and the number of defects r
is 1, 2, 4, or 8.
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Fig. 2
Section II

Sample survival curves for colony 806=9
grown from a diploid yeast cell preir-
radiated by 60,000 r x-rays. The survival
was tested one, two, three and five Weeks
after the preirrgggagion; during this
time the colony -—6:— was allowed to
grow on a slant oé nutrient medium at
room temperature. The survival curves
indicate about 3-4 defetts during the
first 3 weeks and return to normal on the
5th week., For comparison the normal di-
ploid survival curve is given.
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Fig. 3
Section II

A1l pictures were taken of the growth of

single cell isolates for one week on the

same medium at the same temperature (18°
3:1 Normal haploid SC7

3:2 Normal diploid SC6
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Fig. 3
Section II

3:3, 3:4 Colonies grown from a preradiated
diploid (13S and 20S). These
colonies have unpaired defects.
They grow slower than normals.

3:5 Appearance of the colonies grown
from normal diploids dispersed im-
mediately after exposure to 35,000
r., The size of the colonies shows
great variation.
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Section II

Preirradiated colony (20S) shows the
phenomenon of reversion to more normal
state, Most colonies of the plate are
small, but there are a few large ones.
When cells from one of the large
colonies are redispersed and grown
they turn out to have good vigor; 3:6
shows these cells. Their radiation

resistance is about normal.
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Fig. 4
Section II

Survival at 35,000 rep of normal control
diploids (SC6-C on right) and of a defec-
tive colony grown from a preirradiated
cell (208). 66 isolates were tested
among the normals and 39 among the de-
fectives, Tiae normal haploid survival
at the same dose is shown by a dotted
line on the left,
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Fig. 5
Section II

Statistical distribution of survival of
colonies grown from single cell isolates
and exposed to 35,000 r x-rays. In the
control group isclates from normal control
diploids are shown. In the two other
groups survival of isolates prepared from
preirradiated $C6 cells picked at random.
The distribution of the survivals of pre-
irradiated #solates is significantly dif-
ferent from normal.,
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Section 1T

Statistical éistribution of survivals of
colonies grown from single cell isolates

of haploid S cerevisiae exposed to 7,500

r x-rays. In the control group the sur-
vival of isolates grown from normal SC7
haploid yeast are shown,

In the second group the survival of iso-
lates is shown; these were grown from
haploid cells preirradiated by 7,500 r and
picked at random.
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Section II

The survival of cells in colonies grown
from single cell isolates. The control,
normal diploid cells show very close to
100 percent growth when the cells are re-
isolated., In the colony 13S, grown from
a defective preirradiated cell, only 30
percent of the reisolated cells grow and
give rise to colonies.
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Radiation Sensitivity ofdzeast_gg¥;s:9?own'iﬁ;&e;ob;c and Anaerobic Environments

fnn C Birge*‘and Cornelius A. Tobias

It has been known for some time that the sensitivity of living or-
ganisms to X-irradiation can be modified by varying the oxygen tension during
the irradiation periodo1 Recently, a quantitative study of the effect of
oxygen tension on the survival of irradiated E. Coli was made at Oak Ridge
National Laboratory by Hollaender, Stapleton, and Martin.< '

" The survival curve as a function of x-ray dose obtained at Oak Ridge
under the usual aerobic conditions is a pure exponential., When the organisms
are irradiated under anaerobic conditions; however? a plot of the log of
the fraction surviving agalnSt the dose of x-ray is no longer a straight -
line, but is bell-shaped in the region of low dose. In these experiments,
cells were cultured before irradiation aerobically and anaerobically in. the
presence and absence of glucose added to Difco nutrient broth. In the sur-
vival curves obtained, the slope of the asymptotic part of the eurve is iap-
parently determined by the oxygen tension during the irradisation périod, but
the dose threshold before the curve turns down depends on the pre-irradiation
culturing conditions, The inference drawn from these results is that the
simple target theory3 cannot be applied directly,

If this same result could be shown to apply to the yeast Saccharomvces
cerevisiae, it would have far-reaching implications on the theory of the
action of ionizing radiations on living cells developed by Zirkle and Tobias.
These authors have postulated that in the haploid yeast there is a definite
number of "sites" sensitive to ionizing radiation. Damage to any one of -
these sites by interaction due to a single event inhibits growth of the organ-
ism., In the case of the diploid yeast, each site is duplicated, and both
members of any pair of sites must be damaged in order for the cell to be
killed. A bell~-shaped survival curve results from this theory for the di-
ploid cell, but the haploid organism would always show an exponential sur-
vival curve,

K change in the culturing medium could result in (1) a change in
the number of sites taking part in the lethal effect, or (2) a change in
the probability that an individual site is damaged by the radiation. A
change in this probability factor could result from a change in the distance

# TFellow of the State of CaliforniaCancer Research Fund.
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that a given chemical radical diffuses, or in a change in the composition

of the radicals produced. Thus the slope of the haploid survival curve

could be influenced by external conditions., However, so long as one postu-
lates that the lethal effect is produced by a single event, though it may
involve the action of chemical intermediates, the survival curve of the
haploid organism must be exponential in shape. A& bell-shaped curve could

- only represent an organism of ploidy higher than one, Because of the success
of this theory in explaining the survival curves previously obtained for yeast
cells, it was felt that the work of Hollaender et al, should be repeated for
the haploid yeast.,

In this experiment the haploid strain used was SC7 (Saccharomyces
cerevisiae) received from R, E. Zirkle (Lindegren's #93.1C <), The cells
were grown on potato dextrose agar, irradiated with 250 kv x-rays at a rate
of 600 r/min., suspended in sterile water, plated onto potato dextrose agar,
and incubated for three days at 18° C; all in a helium atmosphere. Some
of the irradiated cells were incubated in air on the same medium after ir-
radiation., At the end of the incubation period the cells were counted micro-
scopically. The criterion for survival was that the cell should have pro-
duced a colony of more than two cells. The results were compared with those
obtained previously with cells grown throughout the experiment on the same
medium and in atmospheric air,

Throughout the experiment, great pains were taken to assure that
the cells were grown and irradiated in a truly anaerobic atmosphere, so
that the maximum possible effect would be observed. The system used for
the growth of cells prior to irradiation is shown in Figure 1., Grade "A®
tank helium was passed over copper turnings heated to 750° C in a quartz’
column about one inch in diameter and fifteen inches long, bubbled through
two alkaline pyrogallol solutions, through sterile water, then in succession
through fifteen individual sealed lucite irradiation chambers, and finally
through sterile water. Tygon tubing was used throughout the system, Mass
spectrographic analysis showed no oxygen in the tank helium, with the limit
of resolution being one oxygen molecule per 1200 helium atoms. Any residual
oxygen should be removed by oxidation of the heated copper turnings. The
presence of any oxygen still remaining in the system would be indicated by
darkening of the pyrogallol solutiom, which was prepared by mlxlng five grams
pyrogallic acid with 100 ml KOH solution (500 g KOH per liter HZO) after
all air had been flushed out of the system, During one of the first runs
made, the gas was bubbled for eight days through a liquid culture of a strain
of yeast that requires oxygen for growth, and no increase in the number of
cells was observed, In the final and most successful run, mass spectrograph
measurements showed that the helium used during irradiation contained 0.002.
percent oxygen molecules,

Potato dextrose agar was poured into the individual irradiation
chambers and the gas flow started two days before inoculation from a dilute
water suspension of haploid cells. To prevent air from dissolving in the
agar, the inoculation was made inside a gas-tight box through which tank

5 W. W. Scott, Standard Methods of Chemical Analysis, N. H. Furman, Ed.
5th Edition, pp. 686, 2369, 2423,
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helium was flowing, After inoculation, the cells were grown in the helium
system at room temperature for six days prior to irradiation, During the

last three days the copper turnings were heated to 750° C, and the pyrogallic
acid was mixed with the KOH solution. The rate of gas flow through the system
varied between six and sixteen milliliters per minute. The fact that there

was no apparent darkening of the pyrogallol solution during this time confirmed
the belief that the yeast cells were growing under truly anaerobic conditions,.

During the actual irradiation procedure, helium was supplied to the
lucite chambers directly from a tank of especially high purity helium (0.002
percent oxygen molecules), After each dose, the intake and exit tubes of the
last lucite chamber in the 'system were clamped off, and the tygon tubing
cut under water to prevent diffusion of air back into the system., The small
air-tight chamber was then introduced into a large helium-filled box through
a gas lock. The lock was flushed with helium for at least five minutes
. before the yeast-cell containers were introduced into the main box., Inside
the large box, the cells were diluted in sterile water and then were plated
out on potato dextrose agar in lucite dishes arranged for continued gas
flow. The agar in these dishes had been poured, and helium flowed through
them from another gas-tight system for five days before they were used in
the experiment, After the cells from all doses were plated out in the new
lucite growth chambers, they were put into the gas system, described pre-
viously, in the position formerly occupied by the irradiation chambers. The
gas flow was continued for three days while the cells were grown at 18° C,
£t that time the dishes were opened up to the air, and the microscopic count
was made., At the time of the irradiation, duplicate chambers for each dose
point were opened up to air a few minutes after irradiation., The cells frem
these were diluted in sterile water, plated onto agar blocks, and grown at
18° C in air for three days before being counted microscopically,

The results of the final experiment are plotted in Figure 2. The
errors indicated are standard deviations due only to the statistical error
involved in counting random samplez For comparison, the data of a typieal
aerobic experiment are also shown. It will be seen immediately that the
growth of cells under aerobic or anaerobic conditions after irradiation makes
no significant difference in the percent survival. However, there is a def-
inite dose-reduction factor of approximately two for cells irradiated in
the absence of oxygen as compasred with cells irradiated in air. The result
of most significance to our present theory is that the curve obtained anaero-
bically still has the form of a pure exponential, The curve drawn is an
unweighted least-squares solution for the combined data of cells grown in
air and in helium after irradiation. The form assumed for the curve is

logg £ = 2, + a1D,

where f is the fraction surviving, and D is the dose in roentgens., It will
be seen that the best fitting curve does not exactly pass through the 100
percent point at zero dose, bul any apparent threshold effect is zero within
the errors of the experiment.

6. B, Stepka (Personal Communication).
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It is interesting to note that the same anaerobic survival curve
was obtained in a previous experiment by B. Stepka,® when much less effort
was made to eliminate all traces of oxygen. The points circled in Figure 2
were obtained by irradiating the cells in a nitrogen atmosphere, when they
had previously been grown in air, In this case, the nitrogen was passed
over the cells for only ten minutes before they were irradiated. We thus
see that growth of cells anaerobically before as well as after irradiation
does not further increase their survival, and the result obtained earlier
was not modified by the most careful attempts to remove all the oxygen present,

Admittedly not all possibilities of anaerobiosis have been investi-
gated in this experiment. However, the most extreme case has been investi-
gated for the haploid yeast, and no evidence can be found that the exponential
character of the curve is modified by a change in cxygen tension., The sur-
vival curve of haploid yeast thus retains its single-hit form, unlike the
bacterium E. Coli, Our final result is in agreement with the experiments
- of Anderson and Turkowitz and with the theory of Zirkle and Tobias,

Kcknowledgements

We wish to acknowledge the help of Amos S. Newton in making the mass
spectrograph measurements, and the assistance of Bonnie Stepka in handling
the biological material,




6l

. lcorPER_ruRmivGs |
ROCIO B
&

FURNACE
750° ¢

ALKALINE

STERILE
PYROGALLOL WATER 15 LUGITE
SOLYUTIONS IRRADIATION

CHAMBERS

(FRITTED 6LASS

GAS CYLINDER AND |
REGULATOR VALVE

MU 4066

Fig. 1
Section IIA

Apparatus used for the growth of cgllg in
a helium atmosphere prior to irradiation.



PERGCENT SURVIVAL

=65=

100 T T | | T T
90 [ IRRADIATED IN HELIUM, INCUBATED IN AIR ) -
80— . -
IRRADIATED AND INCUBATED IN_HELIUM )
70— N -
IRRADIATEDC IN NITROGEN, ]
60 [~ INCUBATED IN AIR
50 —
LEAST SQUARES FIT
ASSUMING loge f - ap + 0,0
40 N
30 - _
201 el ’ N

DATA FROM A TYPICAL
AEROBIC EXPERIMENT

PERCENT SURVIVAL OF HAPLOID YEAST
AS A FUNCTION OF X-RAY DOSE

Survivors are coionies of greater than two cells

0 ) ! 1 | | |
o) 5 10 15 20 25 30 35

DOSE, KILOROENTGENS

MU 4067

Fig. 2
Section IIA



=66 | UCRL-1922

The Relative Radiationwﬁesistahée of Haploidn Diploid,
Triploid and Tetraploid Yeast Cells®

Robert K. Mortimer

Introduction

The relation between cell ploidy and radiation-resistance is of
considerable interest in the field of radio-biology. In general, experi=
ments reported up till now have shown an increase of radiation resistance
with increasing cell ploidy. In 1929, Stadler reported that polyploid oat
and wheat seeds were more radiation-resistant than the corresponding diploid
cells, Frdier, Gerlin and Gustafsson, 1941, reported similar results for
diploid, tetraploid and hexaploid wheat seeds, the resistance to x-radiation
increasing with ploidy. The frequency of mitotic disturbances was also found
to increase with chromosome number, In 1943, Smith showed that polyploid
wheat, oat, barley, maize and rye seeds were all more resistant to x-radiation
than the corresponding diploid cells, He also reported that the frequency
of bridges and translocations per cell was very nearly proportional to the
chromosome number, This latter result was also reported by Bishop, (1952),
from experiments on diploid and tetraploid Tradescantia, Mitchell and Clark
(1951), reported that during early stages of pupal development, diploid
habobracon pupae were about three times more resistant to X-radiation than
the corresponding haploid pupae. . '

In 1949, Latarjet and Ephrussi reported that diploid yeast cells
showed a greater resistance to ¥-radiation than haploid cells of the same
strain, Warshaw (1952), reported similar results for haploid and diploid -
yeast cells exposed to ultraviolet irradiation.

~ This paper will deal with an extension of the investigations on the
x-ray sensitivity of haploid and diploid yeast cells to triploid and teira-
ploid yeast cells of the same strain,

A number of reports have appeared in the literature in recent years
on the occurrence or production of higher ploidy yeast cells; Subramaniam
(1951), Roman (1951) and Pomper (1951). Lindegren and Lindegren (1951) have
reported a method of controlled production of triploid and tetraploid yeast
cells. The procedure involves mating diploid cells, homozygous for the mating
type gene, with haploid cells of the opposite mating type to obtain triploid.
cells., Tetraploid cells are produced by mating diploid cells which are
homozygous for mating type with other diploid cells homozygous for the opposite
mating type. The diploidization of haploid yeast cells to produce illegitimate
diploid cells (homozygous for mating type), as reported by Lindegren (1948),
provides a source of diploid cultures which can be used to produce triploids
and tetraploids. This was the basic approach followed in producing the tri-
ploid and tetraploid cultures unsed in the present research.

¥ This work was carried out in the Biophysics Group at Donner Laboratory
and was supported by the University of California Cancer Grant and thse

Atomic Energy Commission,
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Experimental

The haploid yeast strains used in this work were derived as spore
isolates from a diploid strain of Saccharomyces cerevisiae. The author is
indebted to S, E. Reaume for kindly providing these strains to be used in
this work. The genotypes of the two strains are as follows:

¥02022 ~ « mth Tr Ur
Y02587 - a Mth tr ur#®

Preliminary irradiation experiments were carried out with 215 kv
unfiltered x-rays at a dose rate of 800 r/min. The total dose was measured
with a Victoreen Integron and its associated thimble chamber. Yeast cells
were irradiated on agar blocks, then suspended in sterile water and plated
on yeast extract-dextrose agar., The blocks were then incubated at 18° C
for three days, at which time percent survival was assayed by micro-colony
count, Zirkle and Tobias (in press). The data presented in this paper was
obtained from irradiation experiments carried out subsequent to the above
mentiocned experiments. In these later experiments, the irradiation was
carried out with a Machlett OEG-60, beryllium window X-ray tube., The tube
was operated at 50 kv and 25 ma and the samples were placed 14.2 cm from the
beryllium window. Measurements showed that at the distance used, the intensity
of x-radiation was very nearly uniform over the full surface of a 10 cm
Petri dish. Thus it was possible to plate the appropriate dilution of cells
directly on the surface of yeast extract-dextrose agar plates and irradiate
‘the cells with the 1id of the Petri dish removed. Experiments showed that
at the doses given there was no detectable effect of irradiating the medium
of which the cells were to be grown. After irradiation, the cells were
incubated at 30° C for 72 hours at which time visible colonies were counteds
Colony formation was taken as the criterion of survival. The dosage rate
was measured with an extrapolation ionization chamber, Faills (1937), Ibrahim
and Wilson (1952), Somerwil (1952) and Oosterkamp and Proper (1952). The
" design of the chamber used was such that the distance between the two electrodes
~ could be varied. The upper electrode could also be changed, the electrode

used in the dose rate measurements being a 0,002 in. beryllium foil, Pre-
liminary measurements show that the dose rate under the above conditions was
14,000 r/min,

The difference in x-ray sensitivity of haploid and diploid yeast cells
was utilized in isolating illegitimate diploid cells from the two hapleid
cultures, Cells from old slants of each of the haploid strains were irradiated
with 20,000 r at a dose rate of 800 r/min. and a voltage of 215 kv. Under
these conditions, & high percentage of the haploid cells are killed but only
a relatively small percentage of any illegitimate diploid cells present in

¥ o and a are the symbols representing the complementary mating type genes.
The symbols Mth, Tr and Ur represent ability of the strain to grow in
the absence of methionine, tryptophane and uracil respectively. The cor-
responding symbols mth, tr and ur represent the inability of the strain
to grow in the absence of these nutrients. ' :
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“the haploid culture would be killed., This is based on the assumption that
the illegitimate diploid cells have a survival curve similar to that of the
normal diploid yeast cells, Latarjet (1949). The irradiated cells were then
plated on yeast extract-dextrose agar and incubated at 30° € for 48 hours,

At this time, a number of colonies were visible on the plates. About twenty
of the larger colonies from each strain were isolated and cultured. The
cells in each of the cultures were examined microscopically and it was found
that some of the cultures contained cells resembling the larger, oval diploid
cells. One of these cultures was selected from each strain and x~-ray sur-
vival curves were carried out on them. The survival curves resembled those
of diploid cells so it was presumed that these cultures were diploid and

had arisen from spontaneous diploidization of the haploid cells. The two
diploid cultures used were presumably as follows with regard to their genetic
markers g

Y02022-/ o /o« mth/mth Tr/Tr Ur/Ur
Y¥02587-10 a/a  Mth/Mth tr/tr wr/ur

These two cultures were tested for their biochemical deficienciese.
Y02022-/ showed methionine dependance while Y02587—10 showed trypthophane
and uracil dependance, _

In order to obtain hlgher ploidy yeast cells, the following crosses
were made°

X30 - Y02022 x Y02587 - Diploid

X31 - Y02022 x  Y02587-10 - Triploid

X32 - Y02022-/x Y02587 .. . = Triploid
X33 - Y02022-4x Y02587-10 - . <Tetraploid

_ The crosses were made by innoculating growth tubes containing mating
medium, Lindegren (1948), with cells from the two parent strains, In addition,
four tubes were innoculated, each with one of the parent strains., The eight
tubes were then incubated at 30° C for 24 hours, at which time the cell
suspensions were centrifuged, decanted, washed and the cells then resuspended
in sterile water. From each of these suspensions, 0,1 ml was plated on
medium containing yeast morophology agar deficient in methionine, tryptophane
and uracil, Wickerham and Burton (1948). Since neither parent strain should
grow on this medium, it is p0351b1e to select the prototrophs resulting as
crosses of the parent strains since they will be heterozygous for the defi-

. ciencies, This method of isolation of crosses is described by Pomper and
Burkholder (1949). The eight plates were then incubated at 30° C far 24
hours. At this time many colonies were visible on the plates prepared from
the four suspensions corresponding to the crosses, while none were visible

on the plates prepared from the four parent strains. The colonies arising
on the cross plates X30, X31, X32 and X33uwere presumed to, be.protophsire=
sulting as crosses of the parent strains., A number of colonies were isolated
from each of the plates and transferred to yeast extract-dextrose agar slants.
Microscopic examination revealed an increase in cell size with increasing
ploidy as reported by Lindegren (1952), Photomicrographs were taken of the
four parent strains and the four crosses and from these photographs, the
dimensions of the cells in each of the strains was determined. At least
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twenty cells were measured in each case. The average volume was calculated
from these measurements by assuming the cell to approximated by an ellipsoid
of revolution, Photographs of the cells as well as their dimensions are
presented in Table I,

The four crosses X30, X31, X32 and X33 were x~irradiated on a number
of occasions in order to obtain survival curves. It was surprising to find
that the tetraploid was most sensitive to x-radiation, the triploids and
diploids being more resistant in that order., The survival curves cobtained
with the low voltage x-ray machine are mresented in Figure 2, The same
relations were obtained when the cells were irradiated at 215 kv and 800 r/min,
although the sensitivity of all the strains used appears to significantly
less under these conditions, In one preliminary experiment with ultraviolet
irradiation it appears that the same qualitative relations exist between
ploidy and radiation resistance as are found with x-rays.

As an additional check on the pleidy of the ¢ rpsses, the four cultures
X30, X31, X32 and X33 were induced to sporulate on Gorddkowa agar. Cultures
arising from single spore isolates of each of these strains were obtained
by microdissection of the asci. Segregations were tested for the various
ploidies, although they cannot be regarded withr *no great significance in
determining the genetic constitution of the parent strain since intervening
sporulations and conjugations would occur on the Gorodkowa agar slants.
Sporulations are now being carried out on gypsum slants and the segregations
will be checked by this method.

The spore isolates from the diploid cross X30 produced culiures
of cells which were round and smaller than the diploid cells. The cells
were presumably haploid. The x-ray survival curves of a few of these iso-
lates is shown in Figure 3. In all cases they resemble the haploid survival,
Figure 1. The segregation for the biochemical markers is shown below in
Table II, .
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TABLE II

PHENOTYPE OF SPORE ISOLATES FROM THE DIPLOID CROSS X30

S30C Mth tr ur S47A nmth Tr ur
D mth Tr Ur B Mth Tr ur
C Mth tr Ur
S3/& mth tr ur
D mth tr Ur
B Mth Tr o ‘
: S/0&8 Mth tr wr
S454& mth Tr wr
B mth T U
B mth tr Ur .
G Mth Tr ur
€ Mh tr ur
D mth tr TUr
D Mth Tr TUr

These segregations are all in agreement with the expected 232 seg-
regations from a diploid heterozygous for a particular gene,

The dissection of asci from the triploid crosses X31 and X32 yielded
spore isolates which were of low viability, only about 10 percent germinating
in one case and 30 percent in the other., In some of the cultures which arose
from spores which did germinate, only about 50 percent of the cells were
viable, The x~ray survival curves of a few of the spore isolates derived
from the triploid X31 are shown in Figure 4. The segregation of the three
biochemical markers is shown below, Table III. The low viability of the
spore cultures per ascus makes these results relatively inconclusive, Con-
sidering the genotype of the parent however, there appears to be an excess

of dominant genes, ”
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TABLE III

PHENOTYPE OF SPORE ISOLATES FROM THE TRIPLOID CROSS X31
S36C Mth tr Ur S38B Mth tr wr

D Mh tr ur
S378 nmth Tr ur

B Mth Tr Ur 839C Mth Tr wr
D Mh tr U

The spore isclates derived from the tetraploid cross X33 in all cases
produced cultures containing cells which were diploid in appearance, The
segregation for the three biochemical markers showed an excess of dominant
genes. This was the finding for tetraploid segregation as reported by Lindegren
(1951). The one ascus S18 from which all four spores germinated showed 4 :0
segregations for two of the genes and 232 for the third, Table IV,

TABLE IV

PHENOTYPE OF SPORE ISOLATES FROM THE TETRAPLOID X33

S15A Mth Tr Ur S18A Mth Tr Ur

B mth Tr U B Mh Tr wur
G mth tr w C Mh Tr uwr
D Mth Tr W

817C Mth Tr

g

D mth Tr U

The x-ray survival curves of cultures derived from the four spore
isolates of S18 are shown in Figure 5. It can be seen that the four cultures
are all more resistant than the tetraploid, although the actual ploidy of
the cultures cannot be predicted from the curves, It would be expected that
they would approximate the diploid survival curves and this is found to be
the case for S18A and Sl8C, .
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The culture derived from the spore isolate S18C was induced to sporu-
late and the cultures derived by microdissection of the asci in all cases
resembled those of haploid cells., The x~-ray survival curves of a few of
these isolates is shown in Figure 6., It can be seen that these curves resemble
the haploid survival curves, The segregation for the three biochemical markers
for the spore isolates from the culture S18C are shown below in Table V.

TABLE V

PHENOTYPE OF SPORE ISOLATES FROM THE CULTURE S18C

S26& ?mth Tr ur S284 fmth Tr ur
B ?2nth tr ur B aMh tr ur
G oMth Tr ur ‘ C o Mh T w

S274 a Mth tr ur

§

B 2?2mth Tr

C ?mth Tr uwr

From the above segregations it can be concluded that the most prob-
able genotype of S18C is /& Mth/mth Tr/tr ur/ur. Since S18C is a spore
isolate of the culture X33, the above segregations are further evidence that
X33 is tetraploid.

Discusgion

The results obtained in this experiment on the relative radiation
resistance of haploid, diploid, triploid and tetraploid yeast cells show
that the concept of a general increase of radiation resistence with increas-
ing cell ploidy is not strictly applicable in the case of yeast cells., Earlier
reports on experiments with other forms of living cells of different ploidies
‘indicated that the ability of the cells to survive a dose of ionizing radiation
increases with cell ploidy. * This indeed is the finding for hapleid and diploid
yeast cells, but as the ploidy increases further to triploid and tetraploid,
the radiation resistance of the cells decreases instead of continuing to
increase, The haploid yeast cells are thus least resistant followed by the
tetraploid, triploid and diploid in order of increasing resistance.

The model proposed by Zirkle and Tobias (in press) as a possible
explanation of the relative radiation resistance of haploid and diploid
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yeast cells would predict an increase of radiation resistance with increasing
cell ploidy. The model is based on the postulate that in the haploid cell
there are a number of radiation sensitive sites and damage to any one of
these sites is sufficient to kill the cells In the diploid cell, these sites
are duplicated and the cell death results when both sites of any one pair

are damaged., The nature of this damage might be in the form or recessive
lethal gene or chromosomal mutations. This model can be applied to triploid
and tetraploid cells using the same reasonin~, On the basis of this models

Percent Survival = [i -(1- e‘“°‘D)§]n , (1)

where D 2 X-ray dose

K = constant

p = cell ploidy; haploid, p = 1, etc.

number of sensitive sites in a haploid set of chromosomes,

i

n

K modification of the above formula which would account for the
experimental results obtained is based on the following reasoning,  If a
certain percentage of the x-ray induced damage is dominant in nature tken
the probability of inducing this dominant damage will increase with the
number of chromosome sets. Thus the percentage of cells killed by this
mechanism would increase with cell ploidy. The opposite case prevails for
the induction of recessive lethal damage.

Thus, for a dose of radiation D3

Average number of dominant lethal defects per cell =p 8 D

. A -QEﬁD!"e"PeD
Percentage of cells with no dominent defects = 01

:e-peD

The cell must survive both manners of killing, thuss
Percent survival = e PBD E"’(l - e “D)}ﬂ n (2)

It is possible by adjusting the relative importance of the two kil-
ling mechanisms, to mske Formula 2 fit the survival curves of the four dif-
ferent ploidy yeast cells. A relatively small percentage of dominant damage
is required compared to the recessive damage in order to accomplish this.

Summary ’
l. TIllegitimate diploid yeast cells were isolated from each of
two haploid strains of opposite mating type.

2. These diploid cells were mated with haploid and diploid cells
of the opposite mating type to obtain triploid and tetraploid cells.
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3+ The x-ray survival curves of the various ploidies showed the
~tetraploid and triploid to have intermediate sensitiviiy to the haploid and
diploid,

4o Spore isolates from the diploid produced cultures with haploid
survival curves., Spore isolates from the tetraploid produced cultures having
greater radiation resistance than the tetraploid and approximately like thoss
of the diploid cells., Spore isolates from the triploid gave cultures whose
survival curves were quite similar to the haploid survival curves, although
there is some indication that they might be slightly more resistant than the
haploid, '

5. Possible theoretical interpretations of the resulis are considered,
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. Partial Body Irradiation of the Rat with 190 Mev Deuterons

M, N, Swift,® V, P, Bond,*vS; T, Taketa,¥* H., 0., Anger and J. &. Sayeg

K high energy (190 Mev) deuteron beam of 5/8 or 3/ inch diameter was
used to obtain essentially uhiform depth dose irradiation of various anatomical
regions of the intact unanesthetized rat not exceeding 5 percent of the total
body weight, The syndromes resulting from lateral and anteroposterior exposure
of several different abdominal regipns and lateral exposure of the chest with
doses ranging from 864 to 5076 rep are described., The relationship of acute
morbidity and mortality following irradiation of the abdomen with the amount
and type of: gastrointestinal tissue in the exposure field is discussed. The
etiology of the syndrome resulting from exposure of relatively small portions
of the abdomen is contrasted with that following irradiation of large portions
or all of the abdomen, The appearance of chronic ulcerative becwel lesions
- three to seven months after abdominal irradiation is described.

* From the U, S, Naval Radiological Defense Laboratory. A full report of
this collaborative work will be circulated by the U, S. Naval Radiological
Defense Laboratory.
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Indirect Effects of Localized Dsuteron Irradiation in the Rat

V. P. Bondy* M, N, Swift,* S. T. Taketa,* G, P. Welch, and C, A, Tobias

Indirect effects of radiation on the weights of spleen, thymus, adrenals,
kidneys and testis were investigated following selective irradiation of sev-
eral different anatomical regions of the intact unaneathetized rat. A cylindrical
5/8 inch diameter beam of 190 Mev deuterons was used for the irradiationms,
a source superior to x-rays for the purpose of this investigation since lateral
scatter from the path of the deuteron beam through tissue is negligible,
Following 3564 rep to head, liver, adrénal9 intestine or hindquarter reglonsg
the above organs were removed and welghed in animals sacrificed at 1, 3, 6
and 9 days postirradiation,

The changes observed in thymus, spleen and adrenal weights in the
several experimental groups were those characteristic of pituitary-adrenal
stimulation, and occurred only if and when the irradiation given imposed severe
- stress upon the animal as indicated by the appearance of gross symptoms of ill-
ness and body weight loss. These indirect effects of radiation thus appeared
to be manifestations of the "general adaptation syndrome®, The early indirect
effects on spleen and thymus weights were not obtained by irradiation of the
adrenals or of the pituitary (exposure of head) per se., Conversely, such
indirect effects, mediated through the pituitary-adrenal mechanism, were not
prevented by massive doses to the pituitary or adrenals when stress resulting
from damage to other tissues was simultaneously present. Changes in kidney
and testis weights roughly paralleled body weight loss,

# From the U, S. Naval Radiological Defense Laboratory. A full report of
this collaborative work will be circulated by the U. S. Naval Radiological
Defense Laboratory.
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III HEALTH CHEMISTRY AND PHYSICS

Health. Chemistry

N, B. Garden

Equipment Development Group

Considerable effort was made by this group in the production and
operation of equipment for the processing of metal plutonium slugs from Los
Alamos for the ultimate acquisition of emericium, which is extracted from
the dissolved slugs. The equipment was set up in the annex of Bldg. 54,
where a permanent cow processing setup has always been planned, (Because
of other anticipated experiments of the same scope, it has not been possible
as yet to make this setup permanent, for the other work must take place in
the same space.,) Two chemists from the Argonne National Laboratories were
present to collaborate in the work, which was carried out on a 24~hour sched-
ule for approximately three weeks. The schedule was arranged such that both
chemists and Health Chemistry operators were present during every shift,
The run was satisfactory in spite of considerable resistance on the part of
the material to go readily into solution, and stringent efforts had to be
taken, putting heavy burdens on the equipment and requiring great care and
diligence on the part of the operating personnel,

The above operation is one of the many new jobs which point to a
new phase of work in the Chemistry and Health Chemistry groups, which phase
might be described primarily as involving levels of activity many hundred- -
fold higher than previously handled., While the same philosophy on the han-
dling and processing of radioactive material that has been used here at
Berkeley for the last five years is able to cope with all anticipated levels,
having been so conceived, the advent of these high levels necessitates increas-
ing diligence in the careful application of the principles. Personnel involved
in these more serious experiments must at the outset hHave complete consideration
and understanding of the risks involved at these levels, both to personnel
and property; thoroughly evaluated flow sheets and well planned equipment
must precede the work, and specifications in the equipment design must be
rigidly met. It is unfortunate that this new situation must be met under
the conditions of limited manpower and spacej an example of the consequences
of the lack of the latter is given below,

Another semi~large-scale operation prepared for and completed during
this period was the processing of an irradiated sample of americium, which
was one that had received the highest total neutron flux of any sample to
- date. Also received and to be processed during the next quarter is a plu-
tonium sample, the recipient of the same total flux. These samples had both
been arranged in a crucible-type target or slug, so made in order to effect
heat dissipation during bombardment, In the processing of the plutonium
sample, a 6-inch.straight-type lead cave will be uséd; included in this set-
up will be ball-socket wanipulators, the balls or wnicu are fabricated of
uranium and coated with silver, and a lead glass window of 6-inch lead equiv-
alent. Heretofore, direct vision into the area within the cave was made only
by means of a periscope system, which, whilé generally adequate, was tedious
to use for extended periods of time and afforded a limited field of vision,
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and manipulations behind the cave were previously made through the use of
electrically contrclled remote control features or by overhead tongs. The
setup for processing this irredation will ably illustrate a further adapte-
tion of the gloved boxs each process will be carried ocut in a gloved box
behind the cave; each being wheeled up to the ball-socket manipulator panel
in its turne

Other experiments being planned which involve production or pilote
plant quantities include the prowessing of Hanford waste for americium recov-
ery, the processing of other Hanford material for neptunium recovery, work
on additional cows for americium recovery, the preparation of plutonium and
americium metal targets for use in the Arco pile and the 60-inch cyclotron,
plus equipment for handling these samples after bombardment.

Monitoring B . _ ‘
) In addition to the regular routing monitoring duties of this group,
considerable time had to be spent in resolving an accident invelving consid—
erable quantities of plutonium, - During the distillation and condensation
in a gloved box of & certain fraction of the plutonium in solution from the
metal slug cows described above, "bumping® occurred in this heavy sludge,
which was being heated; and a pressure phenomenon occurred, causing a pres-
surized spray to spew out every .seam and joint of the gloved box, heavily
contaminating the floor and nearby objects; which included several other
gloved boxes in one of the necessarily crowded laboratories, It was possi-
ble to evacuadte the room in such a manner that there was clearly no hagzard to
personnel present. A& squad in suitable protective garments, using oxygen
rebreather masks, entered the room and appraised the situation; subsequently
decontamination groups, in suitable clothing, entrapped the activity on the
contaminated objects and floors with scotch tape and paint sprays, moved all
objects for disposal or decontamination, and decontaminated the room. 4
“super gloved box™ was built around the box in which the incident occurred
and the plutonium was recovered.. ,

fActivity Handling Group

The new decontamination chamber, described in the last quarterly
report, has been in use with success and is affording a much more rapid turn-
over of objects relegated to decontamination, The number of drums of active
waste is constantly showing an increase, as is the number of gloved boxes
assigned to be disposed of, which is to be expected with the greater number
of experiments involving the above-described high levels of activity going
on., A box to be disposed of ai sea is made to be a concrete block by surs
rounding it with a wooden form and pouring in the concrete; there has been
success in forming a block out of two boxes, and even four will be tried,
but the limiting factor will be the ability of the dumping barge to eject
these blogks,

alphauactlve samplesg this box has its own blower sysiem and is mai&*a;;ed
at negative pressure in the same manner as any gloved box,
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Canning equipment of the type for sealing materials into tin cans

active samples,
Another new storage feature is the bank of cadmium-lined cow stalls.

The three-odd tons of uranium chips on hand, now stored in 50-gallon
- drums under oil, are being put through an oxidation process to convert them .
to U30g, making them suitable for shipment to a uranium recovery center.

The chips are washed in carbon tetrachloride in 5-pound batches, dried and
fed to a specially constructed furnace with.a filtered exhaust.

This group, in conjunction with the Equipment Development group,
is modifying the target assembly for the bombardment of large quantities
of heavy alpha emitters in the 60-inch cyclotron, this step being indicated
because of a contamination which occurred in certain parts of the Crocker
area as the result of one of these bombardments. The modifications will
consist of filters integral with all lines leading off the target assembly—
the cooling water an? vacuum lines--so that on detaching the lines to remove
the assembly, all activity will have been entrapped, regardless of possible
failure within the target during bombardment; the entire system will then
be taken to the laboratories for opening under proper conditions., 4s men-
tioned above, ‘the levels of activities being used in experiments is increas-
ing in almost all types of work.
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Health Physics

B, J. Moyer

Statistical Summary of Monitoring Program
Survey instruments maintained

g =Y Ionization Chambers

Victoreen 263 Meters

I, D, L, Portable Survey Instruments

Cutie Pies ‘

Recording ¥ -~Intensity Meters

Victoreen Protexmeters

Fast Neutron Proportional Counters

Fast Neutron Proportional Counters (Portable)
Balanced Chamber (Fast Neutron Survey Instrument)
Slow Neutron Proportional Counters .
Balanced Chamber (Slow Neutron Survey Insﬁrument)
Special Tissue Wall Survey Instrument

Personnel meters in use

Total personnel covered with film badges
Total man days coverage with pocket chamber
Total man days coverage with pocket desimeters

Total man days coverage with pocket chambers (S.N.)

. UCRL-1922

1900
2595

3512

2783

Cases of weekly_exposurés above 0,3 r

Weekly film
exposure above: 184~in, area  60-in, area Lin., Acc.
0.3r 2 18 4
0.5 r o 9- 0
1.0 r - | 1 0
145 r | 0 0 ¢

Information Division
8/27/52 bw

Chem,

2
18

Other

9
1

Total

28
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