
Population 

Hirosh ima 225,000 

Nagasaki 174,000 

Operation Sentine l 15 1,000,000 
0s - 250 weapons -

1950 popu lation) 

MEDICAL GRAND ROUNDS 
PARKLAND MEMOR IAL HOSPITA L 

October 19, 196 1 

BIOLOGIC EFFECTS OF NUCLEAR WEAPONS 

Table I 

Numb er of Casual ties 

Total Died Died 
Casua lties I st Day 4 months 

(%) (%) (%) 

136,000 45 ,000 64,000 
(53) ( 17) (25) 

64,000 22,000 39,000 
(37) ( 13) ( 22) 

93,000,000 36,000,000 72,000,000 
(61) (24) (48) 

Tab I e 2 

Surviving 
Casualties Uninjured 

(%) 

72,000 I 19,000 
( 28) 

25,000 I I 0, 000 
( 14) 

21,000,000 58,000,000 
( 14) 

Distr ~bution of Types of Injury Among Su rvivors (Hiroshima) 

Injury Per cent of Su rvivors 

Mechan ical 

Burn s 

Nuclear Radiation 

Table 3 

70 

65 - 85 

30 

Wound Distribution 

Conventional Warfare Atomic 
Rural 

16% Head , face and neck 12% 

8% Thorax 15% 

6% Abdomen 14% 

26% Upper extremities 22% 

44% Lowen ·extrem it i es 37% 

Warfare 
Urban 

35% 

10% 

5% 

27% 

23% 
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Tab l e 4 · 

Th ermal En e rgi es Re qu ired to Ignit e Houses and Ma terial 

Ma t er ia I 

Wo oden Hou ses : 
Wea th ered 
Fr es hl y painted white 

Newspaper 
Cotton shi rt ing, tan 

Ignition En e rg y, ca l/cm2 

20 kt I 0 Mt 

12 
25 
3 
7 

6 
13 

Tabl e 5 

Thermal En ergi es for Burns of Bare Whit e Sk in 

Thermal energy f or th e indica ted 
explosive yie ld s , ca l/cm2 

Degree of .Burn I k t 20 k t I 00 k t I M t I 0 M t 20 M t 

First degre e 
Second degree 
Third dJ" gre e 

2.0 
4.1 
6.0 

2.5 
4. 9 
7.3 

Tab I e 6 

2.7 
5.4 
8. I 

3.2 
6.2 
9.4 

3.7 
7.2 

10.8 

3.8 
7.5 

11.4 

Mortality in Treat ed Burn Cases Related to Percentage of Body Area Burned* 

Averag e mortality 
read from probit 

curve, % 
I 

10 
20 
30 
40 
50 
60 
70 
80 
90 
95 

* Numb e r of cases , 

Area burned, 
% of tota I 
body area 

22 
41 
49 
55 
60 
65 
70 
75 
8 1 
89 
96 



Dose, 
r 

0-200 
200-300 
300-400 
400=500 
500-600 
Above 600 

-
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Tabl e 7 

Probabl e Effects in Humans of Acute Exposure 
to Ionizing Radiation Over the Whole Body 

Acute dose, 
r 

0-25 
25-50 
50-100 

100-200 
200-400 

4oo 
600 or more 

Probable Effect 

No obvious injury 
No se rious injury ; possible blood changes 
Blood-cell changes; some injury; no disabi I ity 
Injury; possible disabi I ity 
Injury and disabi I ity certain; death possible 
Fatal to 50 per cent 
Fatal 

Table 8 

Estimat ed Doses for Varying Degrees of Injury to Man 

Dose rate, Period of 
riday Time Effect 

500 2 days Morta I ity close to 100 per cent 
100 " Unt i I death Mean survival time approximately 15 

I OO r> per cent morta l ity in 30 days 
60 10 days Morbidity and morta I i ty high with 

cr i pp I i ng d i sab i I it i es 
30 10 days Disabi I ity moderate 
10 365 days Some deaths 
3 Few months No drop in efficiency 

0.5 Many months No large-scale drop in I ife span 

Tab I e 9 

Estimated Cl inica l Course and Hospitalization Requiremen t s 

days 

for Humans Expos ed to Various Acute Doses qf Penetrating Radiation 

Individuals Fo l lowing Indicated Individua ls 
C I i n i ca I Symptoms, % Needing Maximal Time of 

Triv ia l Ligh t Moderate Serious Grave Fatal Hospitalization Hospitalization, 
% weeks 

98 2 None 0 
I 33 64 2 2 "6 

6 68 26 94 7 
3 58 39 100 9 

6 94 100 I I 
100 100 II 
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Table 10 

Wear2ons-Effects Data for Sel-ected Parameters 

Explosive Yie ld 

Se lect ed Parameters I kt 20 kt 100 kt I Mt 10 Mt 20 Mt 

Range from GZ for Various Parameters, m i I es 

700 rem ( init ia I) 0.42 0 . 70 0.96 l.l.J+ 2.04 2.27 

30 rem ( init ial) 0.62 0 .99 I .29 I .81 2.55 2.88 

5 psi (surface burst) 0.28 0.77 I .32 2.85 6. 14 7-74 

Second-degree burns 0.48 I. 72 3.40 9.00 23.8 31 .9 

Fireba ll o.oW+ 0. 14 0.28 0.69 I .7 2.3 

Tab I e II 

A roximate Times of Fa I I of Various Sized Radioactive Particulates From 
80 000 Ft. and Distance Tra ve led in a I -Mile Wind at All Altit udes as 

Related to Proportion of In i tia l Gamma Activity at Alt itude and at Surface 
Corrected for Decay During Transport 

Particle Time Distance Percentage Percentage of 
Diameter, of Fa I I , Traveled in of In it i a I In it i a I Activity 

fl.. hr. 15-mph wind, m i I es Activity Deposited 

>340 Up to 0.75 Up to I I 3.8 0.0394 
340-250 0.75- 1.4 I 1-2 1 12.6 0.0964 
250-150 1.4-3.9 21-59 14.5 0.0460 
150-75 3.9- 16 59-240 18. I 0.0 154 
75-33 16-80 240--1200 
33-16 80-340 1200-5 100 
16-8 340-1400 5 I 00-2 I, 000 
8-5 1400-3400 2 I , 000-5 I , 000 

Table 12 

Seven-Tenths Ru le for Approximating Decay Gi ,f Res idua I Gamma Radiation 

Time After Burst Dose Rate, Dose-Rate 
Hours Days Time Factor r/hr. Factor 

I 0.04 I 1000 I 
7 0.29 72 100 1/ 10 

49 2.04 7 10 1/ 100 
343 14.3 73 I 1/1000 

2401 100 74 0. I 1/ 10,000 
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Table 13 · 

Shie lding Fa ctors for Typical Light Residenta l Structures Against 
Gamma Rays S imul at i ng Penetrating Residual Radiation 

Structure 

Two-story wood-frame house 

One-story wood ramb ler 
Two- s tor y brick veneer 

Shelter (earth covered) 
3 ft. be low grade 

Location 

2nd floor, cen ter 
1s t floor, center 
Basement, center 
Basement, corner 
Basement, corner shelter 
1st floor, center 
1st floor, center 
Basement, center 

Protection 
Fa ctor* 

1.7 
I . 7 

23** 
40 

< 100 
1.6 
6+ 

28'** 

1000 or 
more 

*Protection factor represents the outside dose rate at 3 ft. 
above ground divided by the dose rate inside at the specified 
I ocat ion 

**App l ies to basement with no exposed wa ll s 
· +Applies only for detector locations below window s i II 

Tab le 14 

Approximate Attenuation Factors for Gamma Rays from Fission Products 
as a Function of Shie ld Thickness for Indicated Mater ials 

Shield Thickness for Indicated Materia ls, inches 
Attenuation Lead I ron ·and Stee I Concrete Earth Water Wood (Fir) 

Factor 

2 0.28 0 . 7 2 . 5 3.5 4.8 9.2 
4 0.64 1.8 6.6 8 .9 13 25 

10 I .0 2.7 9 . 7 13 19 36 
50 1.6 4.2 14 20 29 55 

100 I .9 4. 8 16 23 33 62 
I, 000 2.7 6 .8 22 32 45 88 

10,000 3.5 8.8 27 39 56 11 0 
100,000 4.3 I I 32 46 70 140 
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Tab I e 15 

GROUP I - SURVIVAL IMPROBABLE 

These wi II have received lethal amounts of radiation, prob­
ably in excess of 700r gamma dose of whole body irradiation, 
in a short period. Severe, and more or les s continuous, 
vomiting wi II occur within a few hours, and wi II be followed 
by d iarrhea, producing severe dehydration and apathy. Death 
may be expected to occur at any time from one day to two 
weeks. If dosages are in the s upralethal range of severa l 
thousand roentgens, central ne r vous symptoms wi I I predomi­
nat e . Permanent tremors and convulsions wi II occur, fo l­
lowed by a period of profound prost ration. Death may be ex ­
pected within two da ys . 

GROUP I I - SURVIVAL QUEST IONABLE 

Thes e w i I I have r ecei ved a dose of probab I y 250r to 700 r. 
Vomit ing wi I I occur on the first day, but wi I I subside with­
in about 24 hours, to be followed by a period of relative 
wei /-b eing from one to three wee ks . Thi s quiescent period 
may be fo I I owed by the deve I opment of sma I I subcutaneous 
hemorrh~ges, so r.e mouth and throat, loss of hair, blood y 
diarrhea, loss of weight, and infe c tion of thermal burns and , 
other wounds which had been hea I i ng . Few surv ivors may be 
ex pected among those receiving a dose over 550r, 50 per cent 
mortality may be ex pect ed at 450r and 20 per cent at 300r. 
Most of the deaths wi I I occur within 6 weeks and conva/es -
cense for survivo r s w i I I take from 3 to 6 months . 

GROUP I I I - SURV IVAL PROBABLE 

These wi II have rece ived a dose of probably JOOr to 250r. 
Naus ea, vom iti ng, and diarrhea are likely to occur in the 
first few days. I f they do, there is a subsequent latent 
period, up to 2 weeks or more, during which the patient has 
no disabling i //ness and can proce ed with ns regular activi­
ties. The usual symptoms, such as loss of appetite, malaise, 
loss of hair, diarrhea, and tenden cy to bleed, then appear, 
but are not ve ry severe. If th ere are no compl ications, due 
to other injuries or inf ec ti ons, there wi I I be reco~e ry in 
nearly all cases. 

GROUP IV - MINOR NJURY 

These w i I I ha ve rece ived a dose of probab I y 25r to I OOr. 
Symptoms may be mild and indefinite, or there ma y be nothing 
other than blood changes to a minor extent. Disabling sick­
nes s is not to be expected and exposed indi vi duals should be 
able to proceed wi t ~ th e ir usual activities. Without labora ­
tory tes ts, individua ls may not even know th ey ha ve been ex­
posed. 



RADIATION SYNDROME IN MAN FOLLOWING ACUTE EXPOSURE 

2 HOURS 12 24 48 1 WEEK 2 3 4 5 6 1 YEAR 

CNS FATIGUE 
_ANOREXIA MALAISE SUBACUTE MAL-

SEVERE DIARRHEA MARROW NUTRITION 
DEATH NAUSEA THIRST, FEVER FAILURE 
MORE VOMITING DELERIUM CHRONIC 
THAN DIARRHEA LEUKOPENIA ULCERATION SUBACUTE ANEMIA 
3000r 2000 TO OF Gl TRACT- INFECTION 

r 

3000r 2000 TO BOOr BACTERIAL LUNG & PREMATURE 
INFECTIONS BRALNS SENILITY 

EPILATION 
BOWEL LEUKEMIA 

800 TO 350r MAL-
NEOPLASIA • NUTRITION 

<250r 
350 TO 250 

(Adopted from Court-Brown and Mahler.) 
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