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A. Breeding Experiments

-a

The data presented in this report tend to substantiate the
following tentative conclusions.

1. The first indication of & possible irradiation effect,
namely, reduced litter size, is noted in the following groups
of females - those receiving 800 r on the 8r/day level, those
receiving 500 r on the 8r/8 hour level, and those recelving
700 r a2t the rate of 5 r/1 hour.

2. The rate of udministration appears to have an effect
on the production of reduced litter size. The first indication
of reduced litter size in the fcmales on the 8r/day level was in
those receiving 800 r while on the 8r/8 hour level, reduction
was apperent in thoce receiving 500 r.

3. FResults obtained to date from subseguent matings have
not given any indicetion that followlng irradiation there is a
reduction in the period of fertility in animals which produced
normel-sized first litters.

4. A dose of 1600 r administered at the rate of 8r/8 hour
is sufficient to prevent mating of male LAF3] mice for a period
of approximately two nonths following irradiation. Recovery

~ follows with subsequent matings which result in normel litter
size procuctiorn.

5. It now appears that & single acute whole body exposure
with a total dose of 300 r is sufficient to prevent reproduction
in LAF] female mice after an initial fertile period of not more

e than tvio months. This is in line with earlier studies on the
: =ffect of irradiaticn on fertility in mice.
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6. ,In former work the initial indication of chromosomal
changes (mutations) produced by irradiation in mice has been

reduced litter size. It should be emphasized that in these
experiments in all cases when the males mated normzl sized
litters were produced. Furthermore, any reduction in litter
size from the irradiated females was associated with a reduc-
tion in folliigle number when the ovaries were sectioned one
month after the birth of the litter. Thus, as yet, there is

no tangible evidence of chromosomal changec. It is recognizeqg,
however, that these tests could not be expected to reveal slight
increases in mutation rate.

B. Histology of Genital Organs of the Animals '
of the Breeding Experiment - i

The histologic findings of the genital organs of the
animals of the breeding experiments have been in line with

the breeding results.

The only change noted in the males on the 4 r per 8 hours
per day level was a slight decrease in the size of the testes
and a slight reduction in sperm content of the epididymis al-
though one group received a total dose of as much as 1000 r.
At a total dose of 1000 r on the 8 r per 8 hours per day level.
the males showed changes in spermatogenesis which indicates an
influence of rate of administration of dose when compared to
the results of the 4 r level, the effect of the latter being
less severe. Spermatogenesis was almost completely absent in
males after a total dose of 1600 r given at 8 r per 8 hours per
day, but nearly complete recovery had occurred by 3 1/£ months
after the animals were removed from the field.

Males were exposed continuously on the 4 r per day level

. to total doses ranging up to 1000 r. The only change noted

was a slight reduction in size of the testes of the animals
receiving the total dose of 1000 r.

Females exposed on the 8 r per 8 hour per day level to a
total dose of 500 r showed histologic changes of the ovaries.
There was a decrease 1n number of follicles, especially the
more mature ones, and an increase in luteal and luteal-like
tissue. There was also marked invagination of the germinal
epithelium. They were still having estrous cycles. Females
exposed on the 4 r per 8 hour per day level received total doses
of 300 r, 400 r and 500 r, Those receiving 500 r showed a
siight decrease in size of the ovaries but aside from that, no
changes were found that could definitely be attributed to the
irradiation. When compared to the results of the 8 r level
this again emphasizes the importance of the rate of administra-
tion of dose.
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Femzles were exposed continuously on the 8 r per day level

" to total doses of 308 r, 400 r, 500 r, 600 r and 800 r. Those
recelving 800 r showed ovarian changes. The ovaries were re-
duced in size, being composed, chiefly of luteal and luteal-

- like tissue. There were but few follicles, the more mature ones
being extrem.ly rare. The germinal epithelium showed extensive
invaginations. However, the vaginal epi*helium indicated normal

estrous cycles.

Slight change was seen in the 600 r group and those re-
celving 500 r and less showed no change. Those receiving 500 r
on the 8 r per 8 hour per day level showed some change indicat-
ing that the effect is more severe when the 8 r is given in 8

~hours each day than when given in 24 hours.

Females were exposed on the 4 r per day level to total
doses up to 500 r on the 2 r per day level up to 400 r on the 1
r per day level up to 300 r and on the 0.5 r levelup to 100 r.
The only changes noted on these levels were probably old age
effects.

C. Hematology

The blood picture of mice having received approximately
<800 r up to the present at the rate of 8 r per 8 hours per day
is essentially unchanged from that given in previous reports
(decrease of W.b.C., some animals having a W.B.C. of 800-1000,
and slight decrease in R.B.C. and platelets in some animals).
All other mice exposed for the same length of time at lower rate
4r, 2r, 1 r, 0.1 r per 8 hours per day) show a normal blood
picture in comparison to that of the controls. All animals re-
ceiving either a daily acute exposure of 5 r given in 1 hour or
this daily exposure in addition to a chronic exposure of 0.1 r
per day (total dose 1350 r) show a normal blood picture although
they all have chronic pneumonia and the majority died from this
disease. One animal of the 8 r per 8 hour group had to be killed
on account of leukemiz (terminal W.B.C. 54000). So far, altogether
4 animals of this group developed leukemia (3 had lymphosarcoma,
see previous report).

The blood picture of the guinea pigs e'gosed since March
1941, is as follows: 8 r per hour group ? out of 18 alive,

total dose approximately £800 r). Slightly lowered W.B.C.,
lowered R.B.C. and platelet count. 4 r per 8 hour group. Low-
ered W.B.C. and platelet count. R.BE.C. either normal or only
slightly lowered. Animals of the £ r, 1 r and 0.1 r per 8 hour
groups show a normal blood picture. Inbredguinea pigs (mule)
on 8 r per 8 hour level: (approx. dose 9ud r) Lowered W.B.C.
ond platelet count. K.B.C. normal. Hybrid guinea pigs (2nd
series) 8 r per 8 hour level (approx. dose 650 r) lowered W.E.C.
R.B.C. and reticulocyte count normal.
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One animal of the 4 r per 8 hour group was killed and
autopsied due to anemia. {approx. dose 1200 r).

One animal of the 8 r per 8 hour group (2nd series)
died of internal hemorrhage (approx. dose 650 r).

The blce~ . picture of the rabbits is essentizlly normal.
The 8 r per 8 hour group having received so far approximately
2000 r. ‘

D. Pathology

Two male , guinea piss t?at had received less total amount
of radiation (approx. 500 r) on the 8 r per 8 hour level than
any previously observed had marked atrophy of spermatogenic
elements but with a few mature spermatazoa in the epididymis.
In one male guinea pig that had received a total of approxi-
mately 32ronthe 0.1 r per 8 hour level all tissues appeared

normal,

Two male mice that had received a total of approximately

€600 r on the 8 r per 8 hour level had extreme testicular
atrophy yet with spermatogenic elements persisting in a few
places. One of these animals had leukemia. '

In one female mouse that received a total of approxi-

mately 1200 r at the 5 r per 1 hour level nc follicles were
present in the ovaries. _
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BIOLOGICAL ACIICHN OF GAMMA AND X RADIZSTON

= oo = 8 =

I. Continuwous Exposure for 8 Hours Do.'w

Approximate doses up to date (mice znd guinea pigs 1lst
series) 2800 r, 1400 r, 700 r, 550 r and 40 r (acute exposures
of 12.5 or 50 r respectively not added). Approximate doses up
to date (rabbits) £000 r, 1%00 r, 500 r, 225 r and 23 r (acute
exposures of 12,5 r or 50 r resp. not added). Approximate
doses up to “ate of male inbred guinea pigs (family £) exposed
on 8 r per & sour level 900 r. Approximnte dose up to date of
female inbred guinea pigs (family 2) - exposed since February 3,
1944 - ©50 r. QApproximate dose up to date of hybrid guinea
pigs (2nd series) exposed on the 8 r per 8 hour level 650 r.

The experiments are progressing according to schedule.
Two mice of the 8 r per 8 hour level were killed and autopsied
after having recelved approximately 2500 r. One showed grossly
markedly enlsrged lymph nodes. TITestes were extremely small in
both animals. Another mouse of the same level died. The
autopsy showed grossly normal organs with the exception of ex-
tremely small testes. The cause of death was not apparent.
One control female mouse and one female mouse on the 1 r per 8
hour level (total dose approx. 230 r) were killed and autopsied
on account of mammary carcinoma. They showed grossly normal

organs.

Tvic male guinea pigs (End series) on the 8 r per 8 hour
level were killed and autopsied after having received approxi-
mately 500 r to obtain information as to early damage to the
testes. Grossly the testes were somewhat small, all other
organs appeared normal (see V). In the first experiment on
this level it was found that a totel dose of approximately
1000 r showed considerable atrophy of the testes with slmost
complete absence of spermatogenesis. Another male guinea pig
of this series died after having received an approximate dose
or 650 r the cause of death was a massive intra-abdominal
hemmorrhage., It is interesting to note that the first guinea
pig of the 1st series had to be killed on account of anemia
after huvirg received approximately the same dose. One control
guinea pig and one guinea pig of the 0.1 r per 8 hour level had
to be killed on account of intercurrent disease.

Thiee male and three female gulnea pigs each of the 2 r
and 1 r per 8 hour level which had received an additional
acute exposure of 50 r two months atter the start of the ex-
periment, were given uznother acute exposure of 50 r during the
month. So far, no change in above picture has been observed.

s
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RESULTS OF BREEDING EXPERIMENTS

This report contains only additional results since the
report of January 1944.

Males 8 r Level -

Total dose 1600 r First litter born 2 and 1/Z mo.

Number of males 18-+ after irradiated males were mated.

8 mated, 8 autopsied Average litter size 8.3. 4 remated
one month later. Av. litter size
10.2 (Inc.)

Total dose 1000 r Males were mated 2 months after re-
Number of males 16 moval from fleld. Average litter
8 mated, 8 autopsied size 8.2 4 remated 1 1/2 mo. later.

Average litter size 8.1. 4 again
remated 1 1/2 mo. later. Average
litter size 9.3 (Inc) 4 remated 1 1/2
mo. later. Av, litter size 8.3 (Inc.)

Total dose 800 r Males mated 2 months after removal
Number of males 16 from field. Average litter size 8.6
8 mated, 8 autopsied 4 remated 1 1/2 mo. later. Average

litter size 10.0. 4 remated again
1 1/2 months later. Average litter
size 10.0 (Inc.) 4 remated 1 1/2 mo.

later. Av. litter size 10.0 (Inc.)

Total dose 600 r Males mated on removal from field.
Number of males 16 Average litter size 7.5. 4 remated
8 mated, 8 autopsied 1 1/2 mo. later. Average litter

size 9.1. 4 again remated 1 1/2
months later. Average litter size
8.7. Remated for the third time

1 1/2 mo. later. Average litter
size 9.3.

Males 4 r Level

Total dose 1000 r Males mated on removal from field.

Number of males 16 Average litter size 7.1. 4 remated

8 mated 8 autopsied 1 1/2 mo. later. Av, litter size
9.6 (Inc.) .

Total dose 800 r Males mated on removal from field.

Lumber of males 16 Average litter size 8.3.. 4 remated

8 mated, 8 autopsied 1 1/2 months later. Average litter

size 9.4. 4 remated 1 1/2 mo. later.
Av. litter size 8.7 (Inc.) :
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Total dose 600 r Males mated on removal from fleld.
Number of males 16 Average litter size 7.7. 4 re-
8 mated, 8 autopsied mated 1 1/2 months later. Average

litter size 9.0. 4 remated 1 1/2
mo. later. Av. litter size 8.1 (Inc)

Females 8 r Level

Total dose 500 r Average litter size 5.8., 8 remated,.
Number of females 16 Average litter size 5.5 (Inc).
Mated 28 days after Controls - average litter size 8.066.
removal
Females 4 r Level

Total dose 500 r Average litter size 5.9. 8 remated.
Number of females 16 Average litter size 5.6. 8 rematd
Mated 28 days after again. Average litter size 5.0 (Inc)
removal Controls - average litter size 8.6
Total dose 400 r Average litter size 7.6. 8 remated
Number of females 15 Average litter size 6.8. 8 again
7 mated 40 days after remated. Average litter size 4.4.
removal. 8 mated 34 days 8 again remated. Av. litter size
after removal 4.6 (Inc) Controls -~ average litter

‘ size 8.6. (Control for lst mating)
Total dose 300 r Average litter size 9.3. £ remated
Number of females 16 Average litter size 8.0. 2 again
Nated 28 days after re- remated, Average litter size 10.0.
moval 2 again remated. Average litter

size 9.0. 2 remated for 4th time.
Average litter size 9.0. Controls -
Average litter size 8.7.

Histological Findings on Reproductive Organs

Males 8 r Level
Total dose 1600 r -

8 males autopsied at time of removal from field.

The testes are greatly decreased in size. There is a de-
crease in tubular area and a relative increase in interstitial

tissue. All tubules show destruction of the spermatogenic
cells. In some a ring of Sertoli cells is all that is present;
in others a few spermatogonia and primary spermatocytes also -
are found, but more mature spermatogenic cells are extremely
rare. There are no spermatozoa in the epididymis.

2 males autopsied after 1lst mating (Approx. 3 1/2 months
after time of removal from the field).

0sl1g




4.

These animals show almost comglete recovery. _Normal
spermatogenesis 1s found in most of the tubules and the

-sperm content of the epididymis is comparable to that of

the controls. The interstitial tisgue of the testes ap-
pears as that of the controls. This supports the previous
opinion thnt the increase in interstitial tissue of the
males auto; .ied at the time of removal is a relative in-
crease only. DNormal females mated to these males had 1it-
ters approximztely”™2 1/2 months after the males were removed
from the field.

Total dose 1000 r -

8 males autopsied one month after time of removal from
field.

The testes were decreased in size. ©Some of the
tubules show only early spermatogenic cells; others
show progressively later stages with a few showing
spermatozoa. There are but few spermatozoa in the
epididymis, and immature forms (spermatids and sperma-
tocytes) are found there.

4 males autopsied after 1lst mating (4 months after
removal from field).

The testes and sperm content of the epididymes of
these males were within the limits of the controls.
Normal females mated to these males 2 months after the males
were removed from the field gave birth to normal sized '
litters. :

Total dose 800 r -~

8 males autopsied 1 1/2 months after time of removal from
field.

Histology of testes. and spermatozoa content of epididymis
were within the limits of the controls. ‘

4 males autopsied 3 1/2 months after time of removal (after
1st mating).

Same as those autopsied at 1 1/2 months. Normal fe-
males mated to these males £ months after the males were
removed from the field gave birth to normal sized litters.

Total dose 600 r -~
8 males autopsied one month after time of removal from field.

IThe testes were slightly decreased in size. While

nﬂjﬂﬁggst of the tubules show approximately normal spermatogenesis
CLUuui
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some have only early stages and still more have but few

spermatids and sgermatozoa. The number of sperma-
tozoa 1In the epldidymis is recduced and immature forms

are present. The testes of the 800 r group described
above were in better condition than the testes of this
600 1 :roup. This 1s probably because of more recovery
in the 800 r group as the time wa:s extended 15 days

for the 800 r group.

3 males autopsied after lst mating (1 to 2 mo. after

removal from the field).

Total

Total

The testes and spermatozoa content of the epididymis
show more recovery than the above group autopsied one
month after removal, and were within the limits of the
controls except for possible decrease in size. Females
mated to these males immecdlately after the males were
removed from the field gave birth to normal sized 1it-
ters. Additional groups are belng exposed on this
level to total doses of 1000 r, 800 r, and 600 r to get
the histologic picture of the testes at the time of re-
moval from the field. v

Males 4 r Level
dose 1000 r -
8 males autopsied at time of removal from field.
Testes are slightly reduced in size. Tubules show
nornal spermatogenesis with a possible reduction in
mature sperm number. The sperm content of the epididymis
is slightly reduced.
dose 800 r -
8 males autopsied at time of removal from field.
Except for a possible slight decrease in size of
the testes, the picture for these animals is within
the 1limits of the controls.

4 males autopsied after 1lst mating_(l 1/2 months after

time of removal).

Histology of testes and sperm content of the epldidy-
mis of these males are within the limits of the controls.
Normal females mated to these males at time of removal
from field gave birth to normal sized litters.

Total dose 600 r -

8 males autopsied at time of removal from field.




Although there was slight decrease in size of the

testes, spermatogenesis and sperm content of the epididy-

mis were within the limits of the controls except for
one male. This male had a right inguinal hernia ac-

companied by extreme atrophy of the right testis vith
absence of tubules.

4 males autopsied after 1st mating { 1 1/£ months after
removal from the field),

utoloﬁy of the testes and sgerm content of the
epididymis of these males were within the 1imits of

the controls. Females mated to these males at the
time the males were removed _ from the field gave birth
to normal sized litters.

Females 8 r Level

Total dose 500 r -

5 females .autopsied after weaning lst litter (3 to 4
months after removal from field).

Ovaries are slightly decreased in size. There

appears to be a reduction in the number of the more
mature follicles and an increase in luteal and luteal-~
like tissue. Thls increase may be only relative. In-

vaginations of the germinal epithelium appear to be
more extensive than in the control ovaries.

The vaginal epithelium indicates normal estrous
cycles.

These females showed reduced litter size when
mated 28 days after removal from field.

Females 4 r Level
Total dose 500 r -
8 females autopsied'after weaning 1st litter.

Two of these females showed an endometritis with

an sttempt to resorb a retained foetus. Of the other
six the ovarles were slightly decreased in size but
otherwise they were within tne 1limits of the controls,

Vaginal epithelium indicated normal estrous cycles.

These six females gave birth to normal sized
litters.
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Total dose 400 r -

7 females autopsied after weaning 1st litter.

Qvaries were within the limits of the controls
except for one female whose ovaries were slightly
decreaseu in size. This female had had a litter of
six stillborn.

Vaginal epithelium of all these females indicated
normal estrous cycles.

With the one exception these females gave birth
to normal litters.

Total dose 300 r -
14 females autopsied after weaning lst litter.

Appearance of ovaries within limits of controls.
Vaginal epithelium indicates normal estrus cycles,

These females gave birth to normal litters.

II. Continuous Exposure for £4 Hours Dally

Results of Breeding Experiments

Females 8 r Level

Total dose 800 r : ?verage litter size Z.6
Total number femsalesld Inc.) Eight animals have had
15 mated 28 days after remov- litters to date. Average

al. litter size controls -~ 8.5

16 LAF, female mice have been exposed on the 8 r 1 day
level and will receive a total dose of 700 r.

4 r Level
16 LAF, female mice have been exposed on the 4 r 1
day level; will receive a total dose of 800 r and 8
will receive a total dose of 700 r.
Females 2 r Level -

Total dose 500 r Average litter slze 3.7
Total number females 16 (Inc) Ten animals have had
Mated 4 days after removal litters to date

from field.

Gilh
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Females 0.5 r Level

Total dose 100 r Average litter csize 4.2
Total number females 15 Average litter size -
All msted 28 days after Control 6.0

removal

The test for the influence of age gave the following
results:

16 females entered 4 r/day field at 3 months of age
and received a total dose of 400 r. Eight were mated at
removal, average litter size 7.4. Eight were mated 28
days after removal. Averazge litter size 6.4 (Inc.)

16 females entered 4 r/day field at 4 months of
age and received a total dose of 400 r. 8 were mated
at removal, Average litter size 6.1. 8 were mated 28
days after removal. Average lditter size 4.1 (Inc).

16 females entered 4 r/day field at 5 months of age
and received a total dose of 400 r. 8 were mated at re-
moval., - Average litter size 7.2 (Inc). 8 were mated 28
days after removal. Average litter size 6.0 (Inc.).

Histologlical Findings on Reproductive Organs
Males 4 r Level
Total dose 1000 r -
7 males autopsied at time of removal from field.
Except for a possiﬁle reduction in size the
testes of these males are within the limits of the

controls, and the sperm content of the epididymis
is comparable to that of the controls.

3 males autopsied after lst matin 1l mo. post
1rradiation§ P ‘ g P

Histology of testes and sperm content of epididy-
mis within limits of controls. Normal females mated
- to these males gave birth to normal litters.

. 4 males autopsied after £nd mating (3 mo. post ir-
radiation) :

Histology of testes and sperm content of epididy-

mis within limits of controls. Normal females mated
to these males gave birth to normal litters,

8006i10%
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Total dose 800 r -

8 males autopsied at time of removal from field.

Histology of testes and sperm content of epididy-
mis wit-in limits of controls.

7 males autopsied after lst mating 128 days post ir-
radiation}.

Histology of testes and sperm content of epididy-

mis within l1imits of controls. Normal females mated
to these males had normal litters.

Total dose 600 r-
8 males autopsied at time of removzl from field.

Histology of testes and sperm content of epididy~
mis within limits of controls.

».. 7 males autopsied after 1lst mating (28 days post ir-
radiation)

Histology of testes and sperm content of epididy-
mis within limits of controls. Normal females mated

to these males had normal litters.
Femzles 8 r Level
Total dose 800 r -

2 females autopsied after weaning lst litter (£ to 2 1/2
months post irradiation).

T»e ovaries of these females are reduced in size.
The organ is primarily composed of luteal and luteal-
like tiscue. Developing follicles are few in number
the more muture ones being extremely rare. There are
nunercus anovular rings some of which have hyaline
centers ~ the remnantc of the zona pelucida. The
germinal epithelium shows extensive invaginations.

The vaginal epithelium of one female was corni-
fied, the other was claessiflied as metestrus -~ 2.

These females had had litters reduced in size.
Total dose 800 r -
14 females wutopsied after weaning lst litter.

~.¢ ovariec of 12 of these femsales were within

the limits of the controls. Of 2 femules the




ovaries werc more like tunose of the 800 r group de~-
scribed above. These two Ionale: nad litters of 3
each while the others had litters of normel size.

The vaginal epithelium of all incicated normal
estrous cycles.

Total dose (uwJd 1 -~
15 females autopsied after weaning lst litter.
hppearcnce of overies and vaginsl epithelium
within the limiis of controls. Reared litters of
normal size.
Totsl dose 400 r -
15 females autopsied after vweaning Lot litter.

itppewrance of ovaries and vaginal epithelium
within the iimit. of contrels. Rearec litters

of normal sizes
Total dose 300 v -~
15 females euto,cied after weaning lst litter.
Appeuruance of ovuries and vuginal epithelium
within the limits of controls. FReured litters of
normdl size,
Females 4 r Level

Tctal doses, 100 v, .00 ry, 300 r, 400 r and 500 r.

1% fewnzles I'or cach total dose autopsied after
weaning leu littor.

oo

The hictolapy of the ovaries of all was within
the limite of tie controls. In all the voglinal
epitneliiue cadicated normsl estrous cycles, Females
of all groucs vod normal litters.

femiales 2 r Level

Total acses, 100 r, ©Q0 r, 300 r and 400 r.

& females for cuach voge autopsied after weaning 1lst
litter.

ol 211 were within the limits of
iv ull the vaginal cpithelium

The overia;

The contro.l

8008111




indicated normal estrous cycles. All groups had
normal litters.

Femzles 1 r Level
Total dose ({0 r - 11 females.
10 females cutopsied after 1st litters.

The histologic pictures of the ovaries of these
femuales were within the limits of the controls. 1In
three femzles the veginal epithelium was not typical
of a normzl estrous cycle but this was the follow-
ing abnormal parturition. These 10 females had 1it-
ters of reduced size as did the control females of
comparable age.

One female of this group which did not have a
litter and was autopsied © months post irradiation
had ovaries which were reduced in size. There were
no follicles, the organ being composed chiefly of
luteal-like tissue. The vaginal epithelium showed
deep cleft-like invaginations. These changes, how-
ever, may be old age effects only, a point which will
be checked further.

Totel doses 100 r and 200 r,.
15 females each; autopsied after 1lst litters.

The histologic pietures of the ovaries of these
females were within the limits of the controls, and
the vaginal epithelium in each case indicated a
normal estrous cycle, except for one animal with
endometritis resulting from an attempt to resorb a
foetus. The litter size ior these groups was comparable
to that of the controls.

Females 0.5 r Level
:Total dose 100 r -
11 females zutopsied after 1lst litter.
The histologic pictures of the ovaries of these
females werce within the limite of the controls. 1In
three females the vaginal epithelium was not typical

of uany phuase of 4 normal estrous cycle, but this was
pkothly an old age effect,

8008118
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III. Continuous Exposure for 8.Hours Daily Plus
: Daily Acute Exposure of & r Given in One Hour

Approximate dose up to date: 1350 r. All animals of
the control group, receiving the 5 r daily exposure only
died of pneumonia. Only & animals of the experimental group
recelving bes:.ue the daily exposure the chronic exposure
of 0.1 r in 8 hours daily are alive. The remainder died of
pageumonia. As these 3 animals also have pneumonia, it is
planned to kill them within the next few days. All animals
that came to.autopsy showed - gs for the more or less severe
autolysis made possible to ascertain - grossly normal
organs and small ovaries. A complete report of this
experiment will be mace after all histological sections
are available for examination.

Reéults of breeding experimenxqﬁ(acute duily exposure only):

Total dose 300 r Average litter size 7.6. Re-
Number of females 3 mated average litter size 9.3.
All mated immediately Remated again -~ average litter
after receiving totel dose size 11.3. Remated again.

of 300 r . L Average litter size 8.0 (Inc)
Total dose 400 r Averfge litter size 8.0. Re-
Number of females 3 mated - average litter size 7.6.
211 mated immediately Remated again. Average litter
after receiving total dose size 7.0 {Inc)

of 400 r. .

Total dose 700 r 1 female had a litter of 1 - a
Number of females 3 Stilibirth. 2nd female had a
All mated immediately litter of £ - both Stillborn.
after receiving total dose :

of 700 r. .
Iv. Single Acute Whole Body Exposure - Total Dose 300 r -

Number of females - 7 Average litter size 6.3.

All mated immediately All animals remated. After having
afiter irracdiation been remat=ad from one to two

months, none of these females has
“become pregnant.

V. Pathology
Mice

- One male mouse that was killed due to poor general
condition after receiving a total of approximately 700 r
on the & r per 8 hour level showed no changes attributable
to raciation. Its poor condition was due to chronic
urinary otctruction ot non-infectious origin.

e
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. Of four female mice receiving approximately 1300 r

@n the 5 r per 1 hour level the gross findings in three
are given elsewhere in this weport, tissues being too
autolyzed for histologic examination. One mouse exposed
on this level for a total of ‘dpproximately 1200 r was
examined histologically and the findings were similar to
those observed in the mice on the 8 r per 8 hour or the 4 r
per 8 hour level that had received a total of approximately
1000 r. The ovarlies were small, devoid of follicles and
there were invaginations of the germinal epithelium.

4ymph nodes contained giant follicles and there was no

bone marrow atrophy. .

oo Iwo male mice on the 8 r. per 8 hour level that had
received a total of approximately 2600 r showed extreme
atrophy of the tubules of the testes yet with a small
agount of spermatogenic elemepnts remaining in places.
Mo mature spermatozoa were present. One of these mice
had lymphatic leukemia with extensive infiltrations of

A2lmost all organs. o
-L’;A,»' . ;(i
& : Guineag. Pigs
_&»N* W

2% - Two male guinea pigs (series 2) that were killed after
exposure for two months for a total of approximately

500 r on the 8 r per 8 hour level showed marked tubular
atrophy in the testes although some mature spermatozoa
were present in the epididymis. Ihe atrophy of spermato-
genlc cells was of about the same order as was noted in
another animal Sseries 1) observed after three months on
the same level (total of approximately 750 r), but the
vubules had not shrunicen in dlameter to as great a degree.
Ir the two guinea pigs recelving a total of 500 r there
was no apparent atrophy of the bone marrow in contrast
with the impression of slight .atrophy existing in the
guinea pig that received a totel of 750 r.

One male guinea pig was examined after receiving a
total of approximately 32 r (20 r chronic and 12.5 r acute
exposure) on the 0.1 r per 8 hour level. All tissues
appeared normal.

VI. Hematology

‘ There 1s little change in the blood picture since
the last report. All wice exposed onthe 4 r, 2 r, 1 1
and 0.1 r per 8 hour level still show an essentially
normal blood picture as compared to that of the controls.
The total white count of the animals on the 8 r per 8
hour level is persiastently considerably lower than that
of Uie zontrole. o i the animals {females) show
L s S o AN T e oo e fntal white
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few animals show_also a sli%ht decrease in Red count,
hemoglobin and platelets with the majority of these

apnimals showing these counts normal. One male mouse of
this level developed leukemia after an exposure of ap-
proximately 2500 r. Its total white count rose from
3000 to 54000 in 4 weeks with 5% polys and 94% lymphs.
It also shovw. % anemia. TIhis is the fourth animal of
this group uzveloping leukemia.

The blood picutre of the guinea pigs on the 2 r, 1 r
and 0.1 r level is normal in comparison to that of the
controls. Reticulocyte counts on the normal guinea pigs
gave values between 0.3 4 and 1 %, the majority having
0.6 % to 0,7 %. The total white count of the guinea pigs
on the 4r per 8 hour level is lower than normal, the platé-
lets count is also lower while only a few animals show a
decrease in red count and hemoglobin. One animal of this
group (female) was killed and autopsied during the month
after having received a dose of approximately 1200 r.

Its red count was 1.6 and platelet count 100,000. The

2 (out of 18) animals surviving on the 8 r per 8 hour level
have received so far approximately 2800 r; this is on an
average approximetely twice the dose at which the other 16
animals had to be &illed.» The total white count is only
slfghtly lowered, with a somewhat more pronounced lowering
of red count and platelets. There has been no change in
the counts of these animals for the past three months,

they behave in every way like normal animals.

The blood picutre of the male inbred guinea pigs on
the 8 r per 8 hour level (dose approximate%y 900 r) shows

2 lowered total white count (between 2500 and 5000) and a
lowered platelet count (200,000). The blood picture of
the female inbred guinea pigs is normal (epproximate dose
230 r). The blood picutre of the 2nd series of hybrid
gulnea pigs on the 8 r per 8 hour level (upproximate dose
650 r) shows & lowered total white count (2000-5000) the
red count is normal, likewise reticulocyte count is normal.
The red count of the guinea pig which died of internal
hemorrhugze wus normal. Platelet count was not taken; it

is assumed that the hemorrhage was due to a low platelet
content.

The blood picture of the rabbits is normal. Those
on the 8 r per 8 hour level which showed a lowered total
white count in previous months, show now a fluctuating
cssentiolly normal white count.

8008121
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p. ASHOCLATED PROJECTS

¥. California Project - J. G. -amiltom and Associates

Abstract

Tracer studies with Columbium {with the exception of the 6/ day
lung experiments which must be repeated} have boen completed, and are
presented im & Tinal report. Tracer studies with Zirconium have been
completed on 3 3 receiving this element by intramuscular and iatra-
pulmonary adwiiistration, and the compiete repo:s has been prepared for
the emanstiocn studies. Radio-avtographic studies with Yttrium, Zirconium,
Columbiuz. and Cerium are being continued, and decontamination studies with
Cerium and Yttrium are also being continued. A small series of smoke
experiments using powdered Urenium metal containing the lomg~lived fission
producte together with sppropriete amounts of emmonium perchlorate,
ammoniwn chloride, and hexachlqQrethane have been initiated. It was
established that almost 100% of the totel activity present in the metal
was distributed in the smoke. Tracer studies with product have now been
initiated and will be continued.

* ok X

A, Technicsl progress report on the metavolic studies of fission products

1. Radio-autographic studies

140
Lung radioc-autographs with Ygé, Zr933 Cb939 and Ce “ are being
continued. DBone radio-autographs for the long lived fission products
which show selective deposition in the skeleton are now being made.

2, Columbium (Cb93)

The tracer studiésb with the exception of the 6/ day lung experiments
walch must be repeated, have been completed and are presented in the final
report,

3, Zirconium (Zr93)

The assays of the distribution of this element following intramuscular
and intrapulmonary aduinistration have besn completed. Unfortunately, it
will be necsssary to repeat the 64 dey I.M. studies due to the accidental
loss of twe of the enimals. The outstanding cheracter of carrier-free 4r
following 7.M4. wduinistration is that the unabsorhed portion remaining at the
site of injcction renges from 90% at one day, to 70% at 64 days. The skeleton
i8 the chiel depot of retention for the absorbed portion and also has the
highest activity per gram of wet weight, The next most active tissue 1s
kidney, which averages approximately one-third the activity per gram of bone.
This ratio appareatly persists throughout the entire 64 days. The pulmonary
rotention of radic-Zr 1s extremely high. It ranges from 75% to 90% during the
first four days to 70% at 64 damys, of the retained activity. The corresponding
per gram velues are 60% dauring the first four days and 45% at the 64 day
interval,
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4. Decontaminetion Studies (Dr. Greenberg and Dr. Copp)

Decontamination studies with Ce and Y following intramuscular administra-
tion revealcd that the addition of inert carrier, and the use of various
agents employed in the Sr experiments produced no significant evaluation
in the rates of elimination,

5, Emanation Studies

The complete report has been prepared for iie animal studies. Likewlse,
the determination of the half-lives of the noble gaseous ancestors of the long
life fission products has been reported. The apparent half-lives are as follows:

approximately 33 seconds; Y72, 5.7 seconds; Zr. fraction, 3.1 seconds;
B3146, 9.8 seconds; Celdl, 1,7 seconds; and PrlAé, less then 0.2 second. These

values are subject to some error due to week activities available. The Zr
fraction apparently did not contain 7r93 and possibly the activity may have
been due to the 20 day Zr.

6. Radio-active Smokes and dusts

A small series of smoke oxperiments using powdered U metal containing
the long lived fission products together with appropriate asmounts of ammonium
perchlorate, ammonium chloride, and hexachlorethane have beeam initiated. It
was established that almost 100% of the total activity present in the metal was
distributed in the smoke. A group of rats were exposed to this material. The
animels were sacrificed in three groups, one group immediately after exposurs,
the second group at four days and the third group at 16 days. The animals sac-
rificed immediately after were found to have 86% of the total activity retained
and .deposited in the lungs. The corresponding lung deposition at four and
sixteen days was found to be 36% and 45% respectively. With both these groups,
most of the abforbed activity was deposited im the skeleton. Recently, a
new and nmore representative method for the production of radio-active smokses
from U has been developed. Powdered U metal coantaining the long lived fission
products is packed within a core of a carbom rod. The carbon rod is then ussd
with a second rod to produce an electric arc. The procedure has been found
not only to produce a very finely divided U smoke but also approximately 35%
of the fission activity in the U can be volatilized. Animals have been exposed
to this smoke and the assays of the distribution of the inhaled activity are now
being made,

7. Product -, v ¢

Eleven milligrams of product as the tetrachloride was received February 8,
1944, A portion of the sample was converted to the plus 3 and plus 6 forms
with the aid of members of Professor Latimer's group and prelimimary experiments
initiated to determine the metabolic behavious of the 3 valence states following
I.M. and oral administration. Each animal received approximately 15 micrograms.
The animals are to be sacrificed at four and sixteen day intervals., Preliminary
results reveal the following points: (1) In the plus four state it is not
absorbed from the digestive tract in rats to any significant degree. (2} The
initial experiment sets am upper level of 0.% for oral absorption for plus 4.
(3) The initial I.M. studies with plus 4 indicate that at four days, less then 5%
of the injected dose is absorbed from the site of injection. Apparently
the skeleton is the chief organ of deposition. (5) These very preliminary
results suggest a counsiderable metabolic resemblance of plus 4 product to
Zirconium,
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8, Proijected Studies for the Next Two Homths

Tracer studies are to be comtinued with product and Cesium. Telluriunm
gtudies will be imitiated shortly simce we now have avuilable a comsiderable
guantity of radioc~-tellurium. Radioautographic studies and the decortamination
progrem are to be continued,
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o, BADIAPION MEAGULEMENT SECTIOR

L. 4. Purdue, Acting Section Chiel

. 0. Wollan, Consulting Section Chief

.

: Mr. . L. Wecenberg Joined the group on February 4, 1944
as a researc assistant. He will help with instrument main-
tenance ana .libration and radiatien surveys. Mr., J. S.
Bldir came inbo the group on February £1; 1944 as a research

assistant, He will be half-time in the Radiustion Measurement
GIOup aud has been assigned to work with Landsverk on a co-
operative praogram on r"a1ation measuring instruments of the
Lwo grouns.

PO\,"\ L fritf QTS

The pocket chamber service continue:s teo expand., 411 of
our chambers sre in use, are read daily &ndé all readings
above B0 mr per day are reported to the Clinical Section
each day. The 250 chambers on order should give an adequate
supply wien they are obtained. Unfortdnately, the acqui~
sition tiwe Is very indefinite because of the slowness of
delivery and uncertainly of the percentage (approximately
60 %), of eich shipment that probably will be acceptable.
Obviously 1t will be a great while before all of these cham-
Fe‘ﬁ will phe availaile for use if 40 ¢ of each lot received

ust be returned.

Film Metor

:vable proareos was made during the month in the
f the new {1lm meter. The 400 badges were
ive*ed By expending several man hours they

film can be Qubdlﬁedo Du Pont representatives, recently
contacted, cay our order should be filled very soon now.
A special report on film metering is in the final stages
of preparation. -

Laundry Mondtoring

Lothin gluss walled CGeiger counter and rate meter 1s
belng installed at the Armory for monitoring all outgoing
luurdry suspected of contamination. Setting a good tolerance
count wili ve Jdirficult but i1t seems not too difficult to
set a safe value., A count of 1000/min. has been chosen
sentatively.
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Vinyon Ciith

Tests have veen made on decontaminating samples of Vinyon
cloth which are acid resistant. It was hoped a laundering

process could be found which would adequately remove activity.
The samples were contaminated by dipping in am acid solution
of fission products, then blotted and allowed to dry partial-
ly. Counts were made. They were then scrubbed under warm
water for one minute, then counted again. Finally they

were washed in agua regia for five minutes and scrubbed

under warm r aning water.

The fo?lowing table summarizes the results:

Vinyvorn on Sample 1 6 11 15 26 23
Contamination Count 6000 13000 10600 10200 13400 6600
After washing in water 566 97 1891 885 365 556
After weshinge in acid

and water 228 75 750 254 156 211

{The samples seemed unaffected by the acids.)
Lead~2eatner Gioves

An experiment was made to tesvu uue vrutective .alue of some lead-

lesther zloves in the handling of x-metal. Out of 48 pairs,
12 pairs were taken at random. The fractional transmission
of betas rom x-metal was measured at three different places
on each glove. The following results were obtained:

Glove Fractional Transmission Max.
Pr. No. §;_ EE Eé EL. EE Eé r/8 Hr.
3 070 .082 .087 .090 .132 .1l18 . 275
2 081 .093 .089 .133 .,1l26 .115 276
i L0628 .118 ,083 .085 .085 .059 . 245
4 108 .133 .129 .092 .,L116 ,L,063 .276
5 062,086 .067 .131 .140 .112 . 292
6 06,055 ,131 .06l .065 .090 272
7 050 ,08L .065 .096 ,082 ,058 . 200
a .114 .166 .168 .066 .082.083 . 350
9 261,100 .080 .062 .074 L,042 « 208
10 L7820 ,096 .08l .077 .089 .089 . 200
11 000 L0933 143,073 101,040 .210
e L0500 U104 .083 0 .100 .131 .067 . 273

K

e

gy Mearurenents
Two Dershem electrometers have been equipped for ioniza-

“iop measurements by the Clinical section. A critical

ercmmiuotion of the lowest alpha emission rate that can

be measured 1s being made and a comparison is being made
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Wit Lo v TOSCOae Con t“ucted by
. ., i on oy LM
Landsvera. : VETY s imiz Nary.

A portabple Luabte

been construrcted Ly 1y
has alircacy bLoeen very

countis: rate meter has
owing Bitwch's design which
survey wooke

Lauritsen blevtrsscepe Callbration

A prograc. of celibration of survey instruments was
begun duriy; ¢ omonth, U<ually in the past Laurltse
electrogecoess puve been callbruted by e..osing them to
a known dose nad then by fOllOKAﬂg one of two equivalent

proce SURSEE (i3 o 457 liae was drawn tnrough the above
3 int on .wjdvithm ¢ pajyer; ”3 was de-
au bove duave in D — .l:,

T
Loratien 19 consilderably In error at large
cetsonabie over a ratner limited range.
Yo ordar o Lo able t; =g the instruments at high rates
they are Doivy ] e over a wide range of intensities
AN & Qurve Lo withh each cone. Fig. 1 shows
Lhe “,$th5 i ocne the electroscopes,

in *n 3
we seunht b
3
L

worll since we héve only one standard source
sroongomaent ino& laboratory room which
ok atiing ot a glven distance from the
gource, benng Laen thet none of the direct beam
wos el oud aA¥ter muny trials it was found best to
bUchud ihe souras from the ceiling and place the meter
O H SRl *r*nmu U*v cusly this gave the least amount
19 I1ly, readings were taken out of
anservable difference at a given
wnd meter were &s much as iour
measurements were taken indoors.
ritszen's have o rather bad in-
wcidentally the electroscope
*nhweﬁg and Wollan has a better charac-
ara o the table below shows:

» =
o N - 3
gives the

sLlas Lauritsen

Sret Pron 5a.iD wme ) Distance from 53.16 mg 2
U L 4.1 source D7/t

om 06 2m 3L
1., @ 54 i.5m 30
I om Ha 1m 23
5o 50 45 m 23
LG50 m 19 <50 m 18.5
.2 m 17
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Arzopue “ile Gas

Measurements wers wade on tha activity ol the pile

gas 2t the Argonne. Cells approxipmately 2 in. square

nd 0.% in. deep, having tops of 125 in, brass perforated
with 0,125 in. holes an covered with thin aluninum
(approximately 10 g/ cn® ), were filled with the gas after
evacuation., These cells were placad under a standard
thin-walled glass counter and approximately 0.25 in, from

it. This arziﬂrexent ¢id not give particularly good
geometry bvi the thickness of the tops did give come col~
limation. " :e decay curve was followed fvr 4& minutes

during which time the count fell to 10% of the criginal.

This curve could he oxpreﬁsed as the sua of two exponen-
tials corresponding to half lives of £.,% min. and 33 min.
raspectively., The decey has been followed for longer

times at the Argonne butbt was not repeated in tf‘ue Ei-
ceriments since our main dinterost wae in uk,u;PL.
medsurensnt: o ke made during the first 20 min of
denszy,. Vithin the accyragy of the experiments thie range
was found to be l.4 sm/cenc and the ahar ‘ption ¢ ceefficient

n AL, 10 em™,  Tnis corresponds to o maximum energy

of about 3 4EV . Frow this one would infer an average

energy somewnat less than 1.5 MEV . On the basis of Failla's
calcala+1mna (CH-1347) which were used in setting the tolerance

Linit of & x 10-10 €, w¢his limit could be as much as 25% high.

v cC . . a1 . a

Howeve when on¢ considers the rapidity of decay at
the time t“, present monltcoring measurements are made, this
excess 18§ more offoct. S0 there is no evidencs in ihsse
experiments Lo cause doubt of the validity of the present
tolerance count which is 15000 ﬂouuts/mino in the counter
nov irn une., Inecidentally, hylander has plotted ccunting
rate vi, Lauritsen 1bau’zg taken at the szome times and
glices as the gos samples and found surprisingly that
wne result was a straight line. An even more curious co-
incidence wus the fact that the same fraction of tolerance
wis scuna for breathing and for external raciation.

toring
As g coming to bLe rather generally recognized, one

i hazards is from ingestion and inhalation of

¥ e body.  Since there 4s no way to monitor the

qﬂﬁmﬂf of intake, the problem seems to be one of prevent-
Ing such intake., This means good housekee )1n5 toe prevent
ingesticn and 1nh"latior uowever, it 1is not unreason-
able to set a tolerance concentration in the air which
could be monitored. In “he absence of knowledge of the
physiology involved, information can be drawn from ezperl-
ence with Radium and Radon in setting the salec concentration.
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adiatio rveys:

As usual considerable time was spent on radiation
surveys. While no part of the laboratory area was
missed, room by room surveys were made at New Chemistry
and at Site B. Also counting of contamination on
‘hands was continued at New Chemistry. It is hoped %o

~extend this service to other areas.

Work for coming month:

Routine measurements.

Surveys.

Extension of hand counting service.

Establishment of full-time surveying service at
New Chemistry.

Instrument Development.

Instrument calibration.
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D, BIQOLOGICAL RESEARCH SECTION

X. S. Cole, Section Chierl

Report for Momth Ending Febraary 29, 1944

39133_production

A crack was found in the quartz tube leading from the pilot UqQg
XemoR generator in the Clinton plle. This probably explains the low
yields obtain: ~ in the test runs even at 1050° ¢, The design of a more
rugged apparatus of this type is being consider:’.

It has not been possible to maintain more than & 25 per cent yield
of xenon from U(OH)4 at graphite temperature because of instability of the
pure material under operating conditiocnz. A pilot unit of 500 gm. 1s being
placed in the Clinton pile for test.

Lung absorption of vapors

A satisfactory process for the production 7 1131 vapor has not been found
as yet, Mothods for analysis of the iodine content of tissues are being
tested, No further work has been done on Ru0y .

Asrosol production and exposurs

The reciprocating bellows dust injector used for U 08 has been tested
with SrCOB dust of 1,9 4 averege particle size. In 3 gours, 2.5 gm. of a
10 gm. charge was injected at a uniform rate.

Preliminary tests have been made on an injector in which air is blown
through a porous plate below the dust charge. In 30 minutes 0.5 gn. of a
3 gm. CaC03 charge was injected at a uniform rate.

A right angle jet atomizer did not produce satisfactory liguid aerosols
with water or glycerol, but propylene and triethyleme glycols were very
satisfactory. A Sr89 tracer exposure of mice to SrCly in triethylene glyecl
is in progress.

Toxicity of mixed fission products in rats.

Mixed fission products were gigen to rats by stomach tube. By the 2ith
dey, all gnimals receiving 25 x 107® C/gn or higher had died. None receiving
6.4 x 107° C/gm or less had died. Absorption through the gut is very low;
the carcass of a rat which died in four days contained only 24 of the
administered activity. Demage to the G.I. tract was severe and was probably
a major contributor to death.

140

Qg;ko - La in mice

(1) Toxicity.
Barium;Ao - Lanthuannun'xll’O in equilibrium was injected intraperitoneally

into mice at six different concentrations. Over 30% of the injected dose
was excreted within the first 2/ hours; the total excretion in 25 days is
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below 50%. The bones contain about half of the administered dose, the

contont ;s the "scIt tissues® is very small., Mortalities et 60 days are:
50 x 1070 ¢/gm ~ 100%, 17 x 1076 ¢/gm ~ 8%, 5.5 x 10~ ¢/em - 504,

1.9 x 10-6 C/gm - 0%, 0.6 x 106 ¢/gnm - 86%, 0.2 x 1076 C/em - 7.1%,
corntrol 7.1%. Initial weight losses were observed at doses of 5.5 x 1076 C/gan
and higher,

X-ray survival

Preliminary mouse survival curves for simgle doses Indicate a signifi-
cant difference between the sensitivities of male and female Carworth mice.
The median let’ 1l dose for females is mear 500 r, while the same point for
males is 300 . Black Bar Harbor females resemble Carworth femeles, with
e median lethal dose at 500 r. ‘

Results of palred doses on rabbits indicate a residual effect after a
mean interval of 130 days equal to 10 - 30% of the initial effect.

Preliminary results of paired dosges administered to rats indicate
Tairly rapid recovery during the first two weeks.

Rats receiving daily doses of 25 r and 12.5 r have accumulated
2050 r and 1025 r respectively without mortality.

Groups of fruilt flies which receive in daily doses a total of % to 1§
times the midletibal messive dose over a period equal to the averege life
duration of the comtrol groups ére showing & marked prolongation of life.
Higher daily doses cuuse a sharp reduction of average life duration. All
nessive doses no far sdministered have shortened average duration,

Fast n survival

Prelininary results of rabbit exposures to fast neutrons imdicate
a survival curve which 1ies between 125 m and 180 n, with a midpoint near
150 u.,

External beta radiation

External beta radiations to eyes at about 200 r/hr have caused slight
clouding of the cornea of dark-eyed rabbits after 600 r; em inflammation
of the lids, nictitating membrane, and cornea of an salbino rabbit after
800 r; enrd inhibition of hair development in a young rat after 400 to
600 r, Doses are approximate. L

Steble isctope toxicity

Cerium is toxic to goldfish in conceatrations of 1077 parts by weight
and higher. Concentrations of 10-° and less are nonlethal in 30 days.
Solutions were im synthetic pomd water, ' ‘

Barium is toxic to goldfish im concentrations of 10~5 parts by welght
and higher. Concentrations. of 10‘6 and less ere non-lethal in 30 days.

Solutions were in distilled water,
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{2) [I'ematology

Intraperitoneal injection of 17 x‘lO"é C/egn of BalLO to mice causes
a sharp fall in lymphocytes, a less rap%d fall in granuloeytes, both
continuous until death. With 1.9 x 10°° C/gm the lymphocytes fall less
rapidly and recover by 25 days to normai levels, the heterophils fail
slowly and remain depressed at 25 days. There is a questionable gradual
rise in lymphocytes and gradual fall in heterophils with 0.2 x 10-6 C/gm.

(3) Histopathology

In the mice injected with Bald0 _ 12140 the spleen and lymph noge
showed no degencvation at 4 deys (first interval) even with 17 x 107 ¢/gm.
Thers was & sligiut but definite increased lymphopoliesis at this and the
1,9 x 10-6 C/gm levels snd possibly even at the 0.2 x 10-6 C/gm level. The
bone marrow showed virtually complete destructiom of hemopoietic elements
with 17 x 10-6 C/gm at the 4 day interval. With 1.9 x 10~6 C/em the
destruction was much less at 4 deys, and most marked in the region of bone
growth (tge metaphysis). In this latter region destruction of hemopoiesis with
1.9 x 10=® C/gm at 11 days was comparable to the 17 x 10-0 C/gm. There was
no detectable change with 0.2 x 10-6 C/gm at 4 days (i.e. maximel). The
kidney showed no change.

Earlier stages at .these levels must he studied to explain the apparent
discrepancy between the spleen and lymph node findings and the definite fall
in peripheral blood lymphocytes. The bone marrow picture is quite consistent
with the observed fall in the blood pelymorph {heterophile) counts.

Hematology - 100 r X-ray

Rabbits receiving 100 r X-ray show a depression in lymphocytes less marked
than with higher doses, but maximal at 3 hours and maintained through 48 uours.
This depression is not reflected in the total leukocyte curve becasuse of
8light but significent rises in the heterophils at 4 and 12 hours.

Histopathology - 400 r X-ray

The 400 r X-ray rabbits showed changes qualitatively similar to the
8C0 r series. Again the lymphatic tissue was hardest hit. The lymph nodes
in particular. The bone marrow suffered damage to both the granulocyte and
srythrocyte series but the latter appeared to recover more rapidly. Epithelial
findings in the gut were & repitition of 300 r changes. In no case was the
damage nearly as extensive with 400 r. Onset of demage was as early as with
800 r but recovery was evident almost immediately and in all tissues reached a
stage by 3 - 5 deys comparable to that shown at 1/ days with 800 r., Liver, heart,
lung, adrenal, kidney, pancreas snd the reproductive organs showed no significant
changes, or none which should be relied on from the small series investigated.

Radio-autography

Radio-autographs of lungs of Uranium and Lenthanum dusted mice and of
bone and soft tissues of strontium injected chickens were obtained. Minute
gricules of bone show clearly and activity is marked in periosteum and endosteum.
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Ilford @ IXI and Eastman IXI O wi.ra-violoi sensitized plates sre veing
tested as a possible material For radic -wurogranks of higher resolutiok.

The distribution of radiation from deposited active lsotopes is being
studied by measuring the density of photograpri¢ Iilms exposed in contact with
thick sections of imbedded tissues. :

Protective action of nicotinamide

Six groups of 10 mice each were given 100 r daily and the various
groups injected with .1 mg thismin chloride, .2 mg rivoflavin, 1.0 mg.
nicotinamide, .05 mg. pyridoxine, .1 mg diphosphoryridine nuclectide and
«2 c¢¢ Ringer solution. Survival curves for enims’e receiving pyridoxine,
thiamine, Ringer and riboflavin are very close to ether, the mid-lethul
point for the Ringor injections being at an wccumulated dose of 1140 v,
The mid-lethal for those receiving nicotinamide is 1730 r end for those
recelving diphosphopyridine nucleotide is 1350 x., "L+ se resulis support
the hypothesis presented previcusly that radiation prevenis the syntlhesis
of diphosphopyridine nucleotide,

Food inteke and weight changes

Eight rabbits were given a single dose of X-ray of 800 r, four were
given 400 r and seven were kept as controls. Weights and food intake were
followed for several weeks. Controls show two bLatterns: (1) a reletively
constant weight with consteant food inteke, (2) an increasing weight with con-
stant food inteke. Irrediated enimals f&ll intc four different patteras:
(1) an initial temporary fall in food inteke, a constant or increasing
weight (2) immediate cessation of eating, fsll in weight and early death
T {3) initial steep fall in food intake, gradusl fall in weight, recovery in

food intake followed after several deys by recovery in weight, {(4) sherp
fall in food intake followed by recovery in food inteke bHut continued weight
loss. The weight loss is definitely greater than casv be scecounted for by
feilure to eat, or failure in intestinal absorptiocn, hence itissue bresh own
is occurring.

Effects of radiation on circulatory system

An experiment on the physiological effects of irradistion on dogs is
being planned in collaeboration with Dr. Schwarty. Techniques for messurement
of ecetone bodies, total protein in blood and messurement of blood volume
and circulation time have been perfected and are now ready to be used.

~

- 89 L ! 140
Accumulation and distribution of Sr ' and of BalqO _ L%ﬂf in goldfish
' B9 g pa MO | ¢ 140

Complete curves are now available for uptake of Srv7 and -

over & period of more than a month in skeleton, skin aud seales, gille., fecay,

muacles and other soft partc. Uptake of Ba - La renchaes g peak at 5 - L0 days,
T3l weeks the gnount

i

upteke of strontium at 3 - % deys. Over a pericd of : !
e exterisl mediun

- of active material slowly iucresses in spite of deciy
.. High concentrations of calcium or inactive strontiun sh the upteake of $r89,
o A1 equilibrium the distritution of strontium in the 1ish & skeleton 10 - 20%,
) - skin and scales 50 ~ 75%, gills 5 - 15%, oxgans and muscles 3 -~ 10%, teces

5 - 35%. For Ba - La the distribution of Letw activity ie: skeleton 5 - 15%,
‘ uf’:‘

skin end scales 40 - 70%, gille 10 - 20 %, orgens and musgcles 10 - 209,
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fecsa 40 - 7% Pecee are very high (1000 times coucentration} but this is dus
to adsorpiion rether thae excretion sinee inacitive feces suspended in the

water Hake up nearly ss much ae those from the intestine., Injected strontiunm
shows tho same distributicon ss thet taken up Iiow the water except for absence
of ectivity in the feces. When trensferred to Iresh water lacking active salts,
the activity ¢f the feces is lost within a few hours; thereafter activity is
lost from the Tish very slowly except by decay. Decey curves for fish from

Ba - La show that the activity in feces is due almost entirely to lanthanum,
that in the skeleton and sc¢ales to tarium. Tauk water loses sctivity initially
due to adsorption on the gless end due to upteke by fish and feces; after about

8 week tne watcr approaches the decay curve,

Respiration snd glycolysisg of strips teken at six levels of the small
intestine of rats were ineasured. The Q05 in normel ret intesiives is between
8 and 9, Your hours after 0O r of X-irradiation the Q0. dropped %o 5; at
24, anc A8 hours it rose to the normal level and dreopped Egain at 745 lhours.
Glycolysic was unaffected. Phosphorylalin irv *he intestine was vxanmined Ly
meassuring Lue incresse in organic P after feeding rructose. In normal ratg
the Organic P covient of the mucosa increased Tmom 43 %o 83 % of the toctel P
after ingestion of 4 2c of 2,%% fructose. Four =ol 24 hours colier irredistion
{500 = totul bLody) the crganic P after fructose wss 57 ana 5G%, but at 7o
hours it was 75% of the total P. Urea gynthesis by iliver slices wsg deprussed
at 4 and 24 hours after irredistion, was normal at L8 hours, depressed at 72
and 95 hours and norma) at 120 hours.




i, MEJEOROLOGY SECTION

©. o. Church -~ Section Chief

Abstract

Aside from preliminary anaiysis of lapse rate data and consultation
» Site X and the inie¢ial arrangements made at the Metallurgical Laboratory

for using 50o &t the 200 area at Site W to determine dilution rates, nearly
all maapowcr -4 work egain was concentrated at Site W.

Smoke rins made up the auxiliary 200 ft. stack during the early
MOTH L hoars have chown quite conclusively that as long as an inversion
lasts the omoke will stay in a thin layer, which spreads widely, at the level
whers uoe Sioke reaches the sume density as the air. Downward dilution 1s
siow. Upward dilution appears to be nearly nil in an inversion for there
is A definite top. '

Wheit, in the morning, the inversion is obliterated up to the smoke
lever then vertical circulation produces excellent mixing from the ground
to the height that the dry adiabat extends. This vertical mixing occurs
in alternate up and down drafts end brings dense smoke to the ground near
tie stack.,

Site X

Mr. Bentl@y was to be st Site X for consultation during the last
two weeks of February and will likely remain there for the first week of
March., During that time he will makg a preliminary analysis of the data
on lapse rates as obtained Trom the recording thermocouples which are
praced at 50 foot intervals up a 200 fceot stack,

University

Arrangements were complcted for the installation of unit to vaporize
liquid 30, su tiat the gas could be introduced at the base of the auxiliary
staclk 'iv tue 200 area at Cite W.) This unit is now nearly completed. The
80y conesnire t;on Wili be measured downstream in the smoke trail to determine
the ancunt of wilution that is occurring under different weather conditions.

flemnaeling of @ meteorograph that was in use in the field during the
month of sanunry was colpletod before my return to Site W in mid-February.

Anaiy:<is of some of jhe data takenm during the month of January at Site W
wag carried on until intorrupted by the trip to Site X by Mr. Bentley and
my return to Site W. Fron airplane observetions the area covered by the
output fromm the auxilievy svack was made for most of the January runs and some
wolumes torough which the amoke was distributed were computed.
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On my return to Site W a trip was made to Trail, B.C. accompanied by
Messrs. Newton, Gosline, and 0'Connor, the latter being a chemist from
Du Pont's Technical Department., All arrangements for this trip were made
from the U. S. Engineer's Office at W. The prob}emaipr smoke dispersior
of the smelter at Trail were gone over quite carefully with the men there.
Their problem was one quite different from the one at Site W;;only in a few
instances did some phases of both places have common ground. Some equipment
was obtained ci a loan from them. Mr. O'Conncr and Mr. Brugmann made a
trip to Salt v ¢ City to borrow more 802 analysis equipment,

During the month of January, between the 17th and the 31st, 8 runs from
the auxiliary stack were made and each run was sustained with & map of the
area covered as viewed from the airplane and each run had further information
of lapse rates at various intervals prior to and during the smocke runs,
wind velucity gradients {vertical)} from pilot balloon observations, wind
direction and temperatures. All these runs were made in the early morning
at a time when the stability in the inversion was greatest,

During February, 16 runs have been made pricr .to the 26th. These have
been supported by maps of 12 runs anrd photographs for 6 runs. Lapse rates,
wind velocity gradients, and temperatures have also been taken, Again all
rups have been made betweon 0500 o'clock and 0800 to 1000 depending upon
the time that a plane was available,

From the January anéd February runs certain features stand out quite
clearly:

(1} There is an imversion {(ground type) present nearly every night.

The only exceptions are the windy nights -of which there have been but two
during February. The temperature difference between the surface and the
1i4 of the ground inversion has averaged a little more than 89F, for the
Fobruary runs, the least being 20 and the most being 14%. The 1id of the
“hversion over the 200 W area is bebwsen 750 and 1000 feot above the surface,
A ave that, at the general crest of the Rattlesnake Mountains, there is
another inversion most of the time, but not always. The most persistent
faature of the vertical temperature distribution is a night time inversion.

(2) Bstween the hours of 0200 and 0300 the pilot balloon observations
show an =verage veloclty of 3.5 ft/sec. at the surface, 12,5 ft/sec., 400
feet ep, =nd 1002 Yt/sec. 1000 ft. up. Pilot balloon observations cannot be
made a8t the time (he smoke yun is in progress, but there seems to be an
insreass i W veloelty at the 200 foot level shortly after daybreak,

(3) Neariy nine-teniths of the smoke runs have shown a wind direction
betwesn WNW ond NNW during the sarly morning hours,

\4) The early morning smoke runs, which invariably have started while
» oround inverslon of greater height than that to which our smoke is sent,
“shus that the smoke rises but little, probably owing to the higher tcmperature
and the stack velocity, reaches very quickly the same density as thet of the
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air and remains at that level., The stream of smoke widens to about

50-75 ft, in the first mile, a veritable thin ribbon. Beyond that

lsteral spreading is quite considerable. The top remains at a constant
altitude above the ground, some 200 to 400 ft. up. Under the average
inversion, no smoke reaches the ground less than 2 miles from the stack

ard on most of the runs the first that can be visually detected as reaching
the ground is from 5 to 10 miles from the source,

~ {5) several runs have contimued until after the time the ground
inversion has become erased by imcrease of temperature at the surface during
the morning. As soon as heating starts vertical mixing occurs to distribute
the accumilated surface heat. Whem the vertical circulation has reached
an altitude to which the smoke is sent, them the columnar structure of
verticel up and down drafts becomes appsrent and smoke reaches the surface
in denss columns within the 200 W area itself. Most of the columns that
come to the surface strike the ground between 1000 and 1500 feet from
stack. The change from level laminar flow within the inversion to vertical
up and down columns is rapid, the character changing within 10 to 15 minutes.
The thickness through which the mixing occurs is that layer in which the dry
adlabatic lapse rate is present. Vertical mixing is excellent under this
condition with a nearly homogeneous thin screen of smoke existing within
two miles from the stack. Dangerous concentrations may exist within the first
mile, however. For this reason mainly, a known amount of 50, is to be sent up
the stack, samples to be tsken pgnd snalyzed within the 200 W area to determine
-how much dilution has ocurred by the time the effluent from the stack

reaches the ground, S
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