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A. L. Holland, Jr., M.D,
Medical Advisor

Atomic Energy Commission
Oak Ridge, Tennessee

Dear Dr. Hollard:

Transmitted herewith
a report entitled "Tabulation
to Radiation Bioclogy."

I hope that you will

is copy number 123A of
of Available Data Relative

.

review this material and

bring it with you to the committee meeting to be held in
Washington on Sunday, April 3, 19.9., It is particularly
hoped that you will come prepared to approve the section
on Acute Exvosure IX, "Estimated Results to Humans Exposed
to Filtered 200-1000 Kvp X-rays Measured in Air," pages

34 and 35.

I viish again to call

your attention to my letter

of February 24, 1949, in which I requested that you forward
to me special research problems not now in progress, but
which you feel would be of value to NEPA.

Very Sincerely yours,

Andrew H. Dowdy, M.D.
Chairman, NEPA Advisory Committee
on Radiation Tolerance of
Military Personnel
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KESTIOUILD

fable VI ¥
H
MORTALITY TABLE » 1
i
A Type L.D. 50 PR
Species Reference Application Radiation Dose Time .
Guinea Ellinger (4) Total body 200 KVP 200 r
Pig Henshaw (5) :
Dog . Cole et al. (6) " 200KVP | 300 r ;
Dog Rochester expt. " 1000 KVP | 335 r
#5980 . -
Mouse Ellinger (4) " 200 KVP 400 r 4
.
Mouse Henshaw  (5) " 200 KVP 450 v g
C3H S
s
Mouse Henshaw (5) n 200 KVP 600 r e
LAF e
Monkey ’ Rochester " 250 KVP 500 r PR
Report #5980 S
Rat Cole et al. (6) " 200 XVP 590 r ‘ ;
Rat Rochester n , 250 KVP 650 r 5
Wistar Report #5980 )
Hampster Rochester - u 250 KVP 700 r . .
Report #5980 ']

Rabbit Hagen et al.(7) " 200 KVP 7290

Man

(4) Ellinger, F. Radiology, 4h:125-142, 1945.

.(5)  Henshaw, P. S. J. Natl. Cancer Inst., L 1485—501, 191;1‘.‘
e,

-c:_:ig,vix.c. .$.~.et al., Metal.lurgical Laboratory‘, o

L ~(7) Hasen,”'

University of - Chicago s 191.1;.

. J.—su L
L e AN s S R
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EOMCIED

PRIVACY ACT MATERIAL REMOVED e

SULEZARY v
POLYCYTHEMIC AND LEUKEMIC PATIENTS LIVING 1 YEAR OR MORE

Submitted by Dr. Shields Warren
New England Deaconess Hospital, Boston

In'One Year -In One’ Year In'One Year
10,000 u,c. 10,000-20,000 u.c. =~ 20,000 u.c.
P32 p32 p32 TOTAL
“+ hurt by
radiation © 2 1 3
- not hurt by '
radiation 18 12 5 35
TOTAL 18 ' TN 6 38
10,000 U.C. p32 Case No.
1. 6 HODGKIN'S DISEASE
T = B,750 uie,
. 2. 10 HONOCYTIC LEUKELTA
- L,645 u.e.
3. 16 HODGKIN'S DISEASE
- 4,680 u.c., .
L. 7 27 TERMINAL LYWPHATIC LEUKEMIA

- 8,385 u.c.

5. . ... .30 MYELOMA
- 8, 663 u.c.

6. ) 37 ACUTE LYMPHATIC LEUKEMIA
- 5, 130 u.c.

7. o 38 HODGKIN'S DISEASE
- 5,982 u,c,

POLYCYTHEMIA

»
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PRIVACY ACT MATERIAL REMOVED

10,000 U.C. P32

Case lo.
11. o 77
- 7,720 u.c.
12. 79
- 75800 u.cC.
13. a3
- 9,000 u.c.
e e 88
‘ ) - 7,000 u,c.
15. 89
- 8,000 u.c.
16. o 92
T T = 5,500 u.c.
17. B o
- 14,000 u.c.
18. 99
- 6,700 u.c.
10,000 - 20,000 U.C. P32_
1. '3
~ 10,038 u.c.
2. 3 ) 7
- 16,955 u.c.
3. o 26
T 77773 715,770 u.c.
L. 28
+ 13,110 u.c.
5. . 31
- 12,528 u.c.
L3
:;‘34.

2003139

- Table X-D
vy =Contd-

LYMPHOSARCOMA
POLYCYTHEMIA VERA
LEUKEMIA
POLYCYTHEK'IA VERA
POLYCYTHENTA
MYELOGENOUS LEUKEMIA
POLYCYTHEMIA

MULTIPLE MYELOMA

SUBACUTE LYMPHATIC LEUKEMIA
CHRONIC MYELOGENOUS LEUKEMIA
TERMINAL CHRONIC LYMPHATIC LEUKEMIA
SUBACUTE CHRONIC LYL;II’HATIC LEUKEMIA

CHRONIC LYMPHATIC LEUKEMTYA

R
Rl



! | ‘ “RESIRICTED
PRIVACY ACT MATERIAL REMOVED L

10,000 - 20,000 U.c. P32 Case No.

8. 39
7= 12,857 u.c,

9. L7 MULTIPLE 7YEIOMA ~ GROUP A
- 13,680 u,c. . :
0. ) 65 CHRONIC LYMPHATIC LEUKEEIA
- 15; 615 + u.c.
1. 86 LYPHOID LEUKEMIA
~° =" 15,700 u.c,
12. 87 POLYCYTHEMIA VERA
' - 12,300 u.c.
13. o , .95 MYEIOGENOUS LEUKEIA
- 16,000 u.c, v
Yo o e - 96 YYEIOGENOUS LEUKEIA
< 14,500 u.c. ‘ '
20,000 U.C., P32
1. ~ 60 CHRONIC 1<YELOGENOUS LEUKEMIA -
- 25,440 u,c.
2. e 63 CHRONIC LYMPHATIC LEUKEMIA
~ 20,080 u.c.
3. 66 CHRONIC MYELOGENOUS LEUKEMIA
- 27,872 u-C‘-
by 72 CHRONIC MYELOGENOUS LEUKEMIA
+ 24,150 u,c.
5. 74 CHRONIC MYELOGENOUS LEUKEMIA

"~ 21,000 u.c.

NKYELOGENOUS LEUKEMIA
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SUMMARY

I. Genetics (Table I)

' A. Mice
The genetic hazard in mice is approximately 1% of bad sperm
per 100 r. This value apparently excludes recessives and

dominants or chromosome mutations with small effects.

(Donald Charles). See Appendix, page v, paragraph 3.

B. brosophila

1. 50 r doubled mutation frequency of control group.

2. Induced sex-linked lethal mutation in Drosophila in single
exposure of 25 r — 1000 r is linear and equal to 0.0019%

per r. {Spencer and Stern)

II. Histogenetic (cytogenetic) (Table I)
A. Rats
1. Chromosome breaks in intestine and lymph nodes are at

least 9% per 100 r (probably 18%). {Charles)

B. Mice
1. Inhibition of mitotic activity in mouse epidermis is 100%
with 35 r and 60% with 5 r. (Knowlton & Hempelmann,

quoted by Langham)

2. Neuroblast of grasshopper. The mitotic rhtg at 8 r drops
‘ to approximately 1/2 and at é4 r to zero. Recovery
within a few hours. (Hollaender)

III. Gonads (Table II)

i 50% of male . Partial recovery h mos.
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I1I. Gonads - conti-ued (Table II)
A. Dogsé
2. 3,0 r/day, 6 days/veek to accumulated total of 1320 r =~

female conceived and c2.ivered 6 normal vups. (Boche)

B. Homo saviens
1., 120 r ~roduced testicular damage in male,
2. 108 r produced severe testicular damage,

(LAWS #808)
3, 625 r (fractionai) to ovary nroduced permanent sterility,

‘o 500 r (fractional} to ovary produced permanent sterility
in 94%. (Peck et al,)

IV. Leukemia (Table III)
A. Rats
1. 0.1; 0,5; 1.C and 10,0 r/day, 6 days/week (x-rays) produced -
levkemia in 1.0%; 2.0%; 3.0% and 12.0%, respectively.,

(Rochester)

2, 0.1l znd 1,7N/day, 6 days/week produced L.0% and 16.0%,

respectively. (Biochemical)

B. Physicians .
1, 1Incidence in »hysicians is 0.53% as contrasted to 0.39%

in general pooulation. (Henshaw)

2. 1Incidence in radiclogists is 3.94 as contrasted to O,44%

in nhysicians other than radioclozists, (Ulrich)
V. Hzematology (acute radiation) (Tables IV; IV-A)
A. Rats -

.. '25'~ 100 r results in transient lymphopeniss down to 30%.

- (Brues & Doway)-.

100 r résulté in apbreciaﬁle tranéieni réduction in . Vo

retiéﬁlocyte;, platelets,.and neutrophils. (Dowdy).

»
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V. Haematology (acute radiation) cont'd. (Tables IV; IV~4)
A. Rats
3. 300 r results in approximately 16% temporary reduction

in Rbe. and Hb, (Dowdy)

B. Humans, acute (Table X)
1. 60 - 120 r produce inconsistent mild to moderate lympho-
penias which in some instances last 164 days.

(CH-3868, LANS #808)

2. 18 r and above results in increased number of refractile
bodies in the lymphocytes. (LAMS #808)
3. 60 - 120 r produce inconsistent mild reduction in

neutrophils. (CH-3568, LAiS #€08)

L. 108 and 180 r produce marked depression of lymphocytes

and neutrophils. (LAMS #808)

C. Humans,* semi-acute (Tadbles X; X-A; X-B: X-C; X-D)
1. 87.5 r (in 8 R over 9 deys) resulted in reduction
(delayed ~- B0O-120 days) Hb, platelets, and lymphocytes.

(CH-2868)

2. 300 r (in 22 R, over 33 days) marked lymphopenia, neutro-

penia, and slight bone marrow depression. (CH-3868)

3. 502 r (in 6 Ry over 30 days) produced profound lympho-

peniz, rcutropenia, with transfusion required. (CH-3668)

D. Animals, chronic (Table IV)
1. 1 r/day, 6 dcys/week for 1 - 2 years produced no unequivocel
alteration in peripheral blood picture, Probably at critical

level, however. (Dowdy)

witemen o s ee 24 3 r/day, 6 days/week-(dog), first,@gtectable-ﬁlooq cﬁque '

" in feticdiécytes end:iymphocytéé et.accumulated dose of .
282 r. (Dowdy) T

* C :
(1) c. ¥, Wildon; Radiology, Vol. L6, p. 364, 1946
(2) Supplement to beta Radiolojica, 1946-4E .
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V. Haematology
D. Animals, chronic - contd. (Table IV)
1.7 N/day, 6 days/week (dog), accumulated doses of 25 N =
50 N; first change in platelets, lymphocytes,. and neutro-

phils., (Dowdy)

10 r/day, 6 days/week (dog), accumulated dose 60 - 120 r,

reduction in lymphocytes and neutrophils. (Dowdy)

10 r/day, 6 days/week (dog), accumulated dose 940 r,

first drop in Rbc. and Hb. (Dowdy)

1.7 N/day, 6 days/week (dog), accumulated dose 385 N,

Rbc. drop. (Dowdy)

VI. Embryology (Table V)
A, Rats

1. 50 r to 10 day gravid uterus--no effect.

2. 100 r to 10 day gravid uterus--results in increased
reabsorption, reduced fetal weight, eye and lens
abnormalities, and in some instances other developmental

v

processes., (Wilson)

3. 200 r (whole body radiation) to 9 - 12 day gravid uterus
resulted in pronounced effects characteristic of embryo
age., 100 r suggests similar effects.

(Russell, quoted by Hollaender)

VII. N - r Ratio (based on mortality) (Table VI)
A, Acute: 1N{=5-212.5r

B, Chronic: 1Nz0=6 -2l r

2003146
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VIII. Mortality (Tables VII; VIII; IX)
A. Acute, L.D, 50
1. In warm-blooded mammals, the spread is from 200 r to

790 r. (Table VII)

'B. Chronic (dog)
1. 10 r/day, é days/week, 50% mortality at accumulated
dose of 1440 r.
3 dogs survived 5000 r.

2, 6 r/day, 6 days/week. 50% mortality at accumulated
dose of 2940 r. l

5 dogs survived 3000 r.

- ¢

3. 3 r/day, 6 days/week. 7 out of 9 were surviving at
1500 r.

C. Chronic (rat, mouse, guinea pig)
1. 10 r/day, 6 days/week (rat). 50% survival at accumu-

lated dose of 3500 r,

2. 8.8 r/8-hour day (mouse). 50% survival at accumulated

dose of 4400 r. Guinea pig, 50% survival at accumulated

dose of 2300 r.
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Estimated Results to Humans Exposed to Filtered,

200-1000 KVP X-Ra gf, easured in Air |
{l\

Ay Lol Lopan,  Lylew 2f
!ll. br~e v /wuv\NQ.‘dvq’

A. 25 r and below; no detectable clinical effects.

1.

2003148

From animal experiments.it would appear that if man
behaves like the mouse and drosophila, there will be,
due to radiation, a genetic effect which is mugh
smaller than the spontaneous rate of mutations. In
other words, the combined result of the spontaneous
and the radiation-induced genetic abnormalities would
be slightly increased but much less than do;ble the

spontaneous rate alone,
Delayed effects*® possi:le but highly improbableL

slight, transient reductions in lymphocytes and neutro-

phils. No other clinically detectable effects.

Incidence of radiation-induced genetic abnormalities
is expected to be approximately the same or smaller

than the spontaneously occurring abnormalities,

Delayed effects possible but serious effects on the

average individual very improbable,

-

at this level, nausea and fatigue may be a problem. .
Reductions in lymphocytes and neutrophils with delayed
recovery. Above 125-150 r, vomiting may become a

problem.

Incidence of radiation-induced genetic abnormalities,
which are quantitatively proportional to the dose,
will probably still be comparable to or somewhat

_ greater than those occurfing spontaneousxy."l
S e ; L e Cawes el Gial e

not pmre than about 1% from all causes, assuming that U

lumited observations on animals .can, Jbe extrapolated

"tO man S l.' . o ' " .

"( /ACChLuqﬂ.tu4J$uA~ Y «éhﬂ
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O r; at this level, fatalities, 2—6 weeks after exposures,
- might occurAin a small proportion of the irradiated
individuals, Nausea, vomiting, and fatigue will
probably occur in most persons within_zb hours.
Definite depression of practically all blood elements,
reduced vitality, in most cases with a convaleséent
period of 3 to 6 months, Temporary sterility in some

cases and possibly permanent-eterility.din-rare-

instences;

1. Incidence of radiation-induced genetic abnormalities
will be expected to be at least twice as frequent as

the spontaneously occurring abnormalities,

2. Deiayed effects—-that these would be of major conse-
quence in a small percentage of individuais would

seem very probable.

E., 400 r; it would be expected that virtually everyone would
be immediately incapacitated by such an amount of
radiation, and many would never recover completely,

&5 Beaths would occur in D to 6 weeks.

i gt [ et

* The expression, "delayed effects", as used here, refers to
any harmful effects/attributable to radiation, manifested
at any time subsequent to the period when acute reactions

may occur,

35



APPENDIX

GENERAL BACYGROUND

Subritted by Dr. Donald Zheries

1. A human sperm contains 24 chromosomes., ZEach chromosome contains a

"string'" of some hundreds of genes,
2. 4 human egg contains a similar set of chromosomes and genes.

3. 8o in the nucleus of a fertilized egg there are 48 chromosomes alto~
gether - 24 liinds, each in duplicate - and perhaps 10,000 kinds of,

genes also each in duplicate.

L. ZXach gene has two main types of action:
2. each catalyses some particular chemical process, given the

proper mzterials;

b. each reduplicates itself at, or some time before, each cell
division. (In this latter action tne bonds between genes

in the same chromosome also reduplicate,)

5. So each new cell of a developing embryo is equipped with 2L pairs

of chromosomes with their associated genes.

6. Some genes come into actinn at or slortly after fertilizatinn. They
operate in a "field" of limited complexity, i.e.; the cytoplasmic
differences already existing in the fertilized egg. Their activity
probably increases the regional'differences and permits other genes

\

in turn to come into play.

7. In general‘different batieries of genes come into action at different

ftimes,_in different cells or tlssues, and for varying intervals -,

available.. Some genes perhaps remain inactive untll long after birth -

. - - P e e e e e
PO A . Qe e e . . - : : R

- 8, loat 1f not all genes are very slightly unstable., Among'for example
a million descendants by reduplication from a single original gene . i

perhaps one or a few will have a somewhat different structure,

2003150
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G. . COnce a gene has undergone such a change (mutation) it reduplicates
the changed structure thereafter, except for the occurrence of

further nmutations.

10, Mutation probably decreases the catalytic activiiy of genes. So a
mutant gene M' acts in the same process as the nuimal gene ki from

which it arose, but less effectively.

11. A child who inherits a mutant }' from one parent and the normal
gene M from the other parent may or may not show effects of the
mutant.

a., If }M cells are a‘?le to do more of the specific M—cataly;is‘
than is necessary, 1%' cells may be able to do ef.mough so
that the presence of ¥' is not indicated by any deviation
from normal structure or function. The mutant li' is said

to be recessive.

b. If XM cells do just enough of the M-catalysis, MM' will
not. Some embryonic process will deviate from its normal
course and some detail of structure or function will
become abnormal, though not necessarily harmful., £ mutant

of this sort is said to be dominant.

12. Radiation~induced mutants, like the spontaneous, may be either

recessive or dominant.

13. In man the potentially dangerous mutants are the dominants, and the

recessives in that one pair of chromosomes which determines sex,

1
4. A third class of potentially dangerous inheritable changes can be

induced by radiation: chromosome mutations. A piece may be broken

off one chromosome and attached to. another. A section may be inverted.

in s:.tu. Chromosomes may exchange aections. Lo b o L s

'Thus in a sperm which has'been exposed to' radiation any ‘on or

Sy e

‘of- many thousands of genetic cha.nges __I occur- a.ny of the thousa.nds -

D T y
o Ve et emecelr el du Dt

of genes ma.y mutate and chromosomes may break ‘and re-att.ach at any of

the thousands of bonds between genes.
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16. Since any one.of these changes has a veryb low probability at moderate
exposure, t‘he najority of exposed sperm will not undergo any mutation.
In the minority which are affected one gene will mutate in one spemn,
a different gene in another sperm, in still a third cell there will

be a chromosome mutation, and so on.
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GENZTIC CHAIGES IN HWIAN SPIR. AID ZGGS, CAUSED EY
A SINGLE EXPOSURE OF 300r CR LESS

Submitted by Dr. Donald Charles

Until data from Hiroshima and Nagasali. are studied, we can only .
assume that radiation would affect reproduction and heredity in humans
much as it does in other animals., Unfortunately it is just the range from
50 to 300r about which we know least, even in mice and rats, so far as
genetic effects are concerned.. Pre-war experiments were §one chiefly at
400r and above; Manhattan work has been mainly on chronic exbosures of 10r
and less, So the folloving statements rest on a double extrapolation:

.

from low or high exposure to intermediate, and from other mammals to man.

.

1. In exposed males, the amount of sperm available for

ejaculation would vary vith time after exposure roughly as follows:

= -.-normal
N
amount ~ )
\\\\ e level for
< /,’. fertilization—
PN
) 1 2 3 &4 5 6 7 8
weeks :
]
initial ' sterile ! "~ recovery
period " period " period

.
How far the count drops and when the recovery begins both depend
X
on the number of roentgens received. The sterile period might last

1-2 weeks at 200r znd 3 weeks at 300r.

2. 'Eggs fertilized by sperm released in the initial period have
poor prospects, (a) About 10% would die for each 100r the tither\haa

Teceived. Most of these eggs would die before implantation, and so cause

' the mother little trouble. But perhaps ohe-third of them would implant,

die iatgf and be resorbed as embryos or be still~born. (b) Among the

live—born children there would:be roughly 0.5% with detectible structural

iv
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children there would also be some who, as adults, would themselves be
permanently semi-sterile: half of their children (grandchildren of the
exposed male) would die in utero. The proportion so affected veries with

roughly the square of the dose and is represented in the following graph.

10 5 % of children
% of who would be
pregnancies semi-sterile
ending in
resorbed
embryos or % of children
still-births 2.0 with detectible -

1.5 structural change

0.5

3. Eggs fertilized by sperm released in the recovery period have

fair prospects. Of the three effects shown in the previous graph

deaths in utero (top curve) would be reduced by perhaps half;
semi~sterility in children would be nearly absent;

structural changes viould persist in the same frequency.

Thus at 300r only; about 6-7% of recovery-period pregnancies would be
affected, in contrast to 16-17% of initial period pregnancies. And of the
6-7% affected, perhaps 3% would be early resorptions, so that the over-all

genetic hazard after the initial period might be about 15 per 100r.

L, The reason for the difference between initial and recovery
periods is as follows. (a) The initial period sperm were in the testis:

ducts at the time of exposure, The recovery period sperm were formed, after ‘

¢
El

the exposure, from "stem cells" in the testis. (b) Radiation produces

§

chromosome breaks in both mature sperm and stem cells. The broken ends

may stay 80, o‘r may recombine in various ways. (c) The afi‘ei:ted sperm are

able to ferti]ize eggs but in the divisions which rol.low fertilization,

the rea.rra.nged chromosomes are not dJ.str:.buted nomlly so that some ce].la

get too much or too little chromosome naterial and the embryo dies.

(d) The affected stem cells go through a cell division in forming sperm. o ‘

Only those cells w:Lthout major chromosome change give rise to sperm which

v
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are viable, This division then acts to filter out many of the chromosome

abnormalities from recovery period sperm.

5. We have at present no basis for estimating the frequency of ' .
genetic changes in the eggs produced by exposed women. But it would

probably be of the same order of magnitude as in sperm, and worse in the

first egg released after exposure than in subsequent eggs.

g. All of thg genetic exposure effects are, so far as we know,
identical viith changes that occur in the absence of radiation. The exposure
simply increases the proportion of eggs or sperm in which ?hey happen,
Furthermore faulty_parent nutrition, disease, etc., may produce similar end
effects on embryos. Therefore, not all still-born or abnormal children of
Hiroshi@a or Nagaseki parents after May l9hg can be blamed on radiation
effects. Yhat proportion must be so crediped could only be determined if

we had adequate pre~blast vital statistics.

. Experimental Procedure

1. The general plan of the work is indicated by the following table.

Pure strains bred in Jackson Laboratory

hdbar ngcsn "Bagg albino" x  "Swiss albino"

albino  hybrids

Crosses made at Rochester

dba 3 x4 C57¢

(rayed
daily)

Fp 48 + 'Fy % . x _albino hybrids

(autopsied
'not bred)

(bred four

o ‘.1"ﬂ:‘ ; S w--;'v_] "Fz" littersAtesting fertility,
‘ T ' and genetic significance of . any
'abnorma11t1es, of the Fy eQ .

o " ordinarily discarded a few days : .
R after birth. o L . e

vi
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2. Gene and chromosome rutations which occurred in the sperm of exposed

and control males were detected as follows:

If the sperm contained a The effect in an offspring
formed from that sperm was

dominant gene mutation deviation from normal
structure or function

recessive gene mutation none in Fy; but half of
in the sex chromosome: the sons of Fy 99 are
(transmitted to Fy 99, affected
not Fy dd)

chromosome mutation reduced fertility

(transmitted to Fy &d
or 22 ; studied only
in .?_?. )
3. In brief, the procedure was to hunt among the offspring of exposed: and

control male mice for

a, sons and daughters with some abnormality of structure or function;

b. daughters producing defini:f.ely fewer than normel offspring in
four litters;

c. daughters producing only half as many sons as daughters (i.e. »

daughters receiving sex-chromosome recessive mutants with

lethal effects).

L, The procedure was complicated by two main factors:

2. 8all of the effects of mutant genes or chromosomes may be
duplicated by developmental and post-natal accidents quite
indepéndent of heredity.

b. the effects of mutant genes range from large and conspicuocus

down to very slight and difficult to detect.

5. 8o the procedure involved a double sifting: first, each Fy mouse had.

: to be classiﬁ.ed as normal or abnormal (w:.th respect to ,the three‘ _ .

malit:.es are —‘bra.nsnitted by the indlndual carrying them to half of

its offspnng.

s
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Results

1. The essential results are shown in graph 1. The leftmost point shows
the proportion of sperm, from control males, in which there was a
mutant gene or chromosome, The next point to the right shows the
proportion of mutant-bearing sperm from males receiving 0.1 r/day., This
point is plotted above that point on the dose scale which represents’
the averzge total roentgens received by those sperm from which the
offspring of 0.1 r males had been formed., The remaining points repre-
sent corresponding data for sperm of males exposed to 0,5, 1.0 and

10,0 r/day.

2. The slope of graph 1 is the probability per roentgen that a mutation
{of the magni£ude and types we studied) will occur: the value is
6.4x10~5 per r. Thus of a million sperm exposed to 30r about 1900
undergo mutation in one or another gene or chromosome. If one of the
unaffected sperm happens to be used in fertilization no harm has been
done; if one.of the affected, the result will be one of the abnormalities’

- listed above,

3. The mutation hazard indicated by gr§ph 1 is lower than the true value

because of defects in our procedure., Abnormalities found in Fy 3

were not tested by breeding, nor were all defects in Fy $% because of
space and time limftations. Among the untested abnoma]itieé should be
some due to dominant gene mutations., Since any particular mutation is
not likely to have occurred more than a few times in the experiment the
missed mutants should be among t}}ose aberrations vhich were not found
more than a few times altogether, So in graph 2 are plotted, as in
graph 1, the proportions of sperm from which were formed Fj mice showing

some, type of structural abnormanty that appeared altogether four or A

: ~ -.:fewer tJ.mes among the 11 000 F]_ mce emined. : he increaae in propox-

ke Addmg ‘l;}’lg'.tv}o y.aiueq toget_ﬁerv gi'ye_:_s. an overall 'mutation-ha‘za.rd‘ of R

1.1x10% per r. This value still excludes recessives and domina._hf.s _

- . ' or chromosome mutations wit:h small.ei'fects.
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5, The total mutation rate is distributed roughly as follows among the

several classes of mutations:

dominants with structural effects L0%
-

recessive lethals in sex chrcmosome 104

chromosome mutations 50%

6. Two major uncertainties remain:
a. Is the x—ré.y mutation rate in man as high as in mice?
b. What proportion of the mutants we have found would be serious

if they occurred in man?

Obviously neither question can be answaréd. With respéét to the first,
we might bettef work on the conservative assumption that thé mutation
rate will not be lower in man than in mouse. On the second, :it might
be wise to take a similar attitude. Certainly in the creature whdse
genetics.we know be.?t, Drosophila, nearly every mutant gene has
deleterious effects, We may first notice the presence of a mutant by
an alteration of some minor morphological detail, like eye color, but
on further study we find that superficial change to be aécompanied by

a greater or less reduction of general vigor or of life span,

7. If we take this view we are forced to wonder vhether a human exposure
of 0.1 r/day is acceptable, It means an increase of 1% in the hazard
of transmitting a new mutant gene for each 100r a parent has received

at time of conception.

{Note: the values given in paragraphs 2-4 above have siﬁce
been revised to about 5.7, 2.0 and 7.7x1075 per r.)
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Induced Mutation Rate

How often do genetic changes occur in x-rayed reproductive cells?

Available figures are few and not very accurate, except for sex-linked
lethals in Drosophila. In the following table values which are not under-
lined have been obtained by extrapolation from experimental results; numbers

in parentheses are note and literature references. '

Percent of Sperm Affected

Gene Mutations Chromosome
lethal sub-lethal marginal ' Mutations
One 10r dose:
Drosophila 0.11 0.06 0.42 0.004 o
Mouse - 0,04 * - (0.01~0.07 (1) :
: (o 1 (2)
Tradescantia - : - - 0.05-0.2 (3)
(pollen) :
One 600r dose:
. Drosophila 6.6 (4) 3.6 (&) 25.2 (&) 1.8 (5) :
Mouse - 2.4+(6) - 3 M ‘

Tradescantia - - - 90+ (8) g

How does the induced mutation rate vary with dosage?

Gene mutations seem to occur in direct proportion to total dose dovn at
least to 25r (h,9,10) no matter how the dose is applied - continuously or
intermittently, at low or high intensity (h) The evidence however is

very limited: one class of muta.tions in one chromosome of one organism,’

The frequency of chromosome mutations varies not only with total

dose, but also with intensity and interval between doses, Here the evidence

e -“ia still more remote from man, mainly from microscopic observation of x—rayad S
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Notcs and Rcferences Ly

1. Obtained by extrapolation from Snell's results (7) on the asgumption
that chromosome mutation rate is proportional to the 2 and 1,5 pover
of dose'a, respectively., The former would be more probable, according
to (3), for 10r given in 17-18 minutes as in the Manhattan Department
vork, since Snell!s &00r exposure was administered in 16.5 minutes,
Extrapolation frgm §nell's results by Marinelli's formula (8) gives &

value of about 0,02,

2. Report of Genetics Division, Mouse Section, Manhattan ‘Department, at

the Industrial Tolerance Conference on 23-2L January 1945.

3. Sax, K:, 1941. Cold Spring Harbor Symposia on Quantitative Biology 9:
93-101.

R ) 4. Timofeef~Ressovsky, N., 1940. Handbuch der Erbbiologie des Menschen I

193-2ik.
, o 5. Bauer; H.; M. Demerec and B, P. Kaufnxann; 1938. Genetics 23: 610~-630.
6. Hert.wig; P.; 1939. Erbarzt 6: L41-43.
7; Snell; G.; 1935; Genetics 20: 545-567.

- . -

8. Marinelli, L. D,, B. R. Nebel, N, Gilcs and D. R. Charles, 1942.

American Journal of Botany 29: 866-874.
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