
HH 

INSTRUMENT REQUIREMENTS IN ATOMIC 
WARFARE 

SOME QUESTIONS RAISED BY 

Major A. R. T. LUNDIE, M.C., M.B., Ch.B. 
Royal Army Medical Corps 

AND DISCUSSED BY 

Lt.-Col. P. HALLIDAY, B.Sc. 
Royal Army Ordnance Oorp8 

The opinions expressed herein are those of the authors and do not 
necessarily represent the official views of the departments with which 

they are associated. 

THE NEED FOR INSTRUMENTS 

THOSE who have read and remembereq."" What you should know about 
the atomic bomb" [1] will be prepared torecognize the need for instruments 
in atomic or radiological warfare; Examples have been demonstrated' at 
scientific meetings [2] and at courses. and lectures. The popular press has 
done its best to make the population" Geiger conscious." 

Naturally many questions are bound to arise in connexion with this subject. 
I have selected .. some which, as Major Halliday's study shows, cover most of 
the field. 

It is well known that after the bombing of Hiroshima and Nagasaki no 
serious effects were caused by induced radioactivity or fall out [3]. Some 
blood changes were observed in an area where fission fragments fell and 
Japanese physicists were able to measure induced radioactivity in certain areas. 
The important point is that there was no danger to rescue personnel who went 
into the devastated area and worked there. 

If circumstances should arise where there appears to be a danger of radio
active contamination, instruments capable of detecting this will obviously be 
of value. Because of this the following questions seem important; 

(1) What instruments pan be used to detect those areas where advanced 
medical units. should not be placed? 

(2) What instruments will be of value in determining how long personnel 
may be employed, in rescue'and other operations in a contaminated 
area, and for indicating those areas. whj'lre special precautions must 
be taken? 

(3) How can contamination pe detected on personnel returning from work 
in a contaminated area or on casualties evacuated from such an area 1 
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(4) Where water is to be examined for radioactive contamination are there 
reliable means of telling whether it is fit for human consumption? 
The presence of alpha or beta emitting substances will be of great 
importance here. 

(5) The next source of internal radiation damage is contaminated food. 
How is it to be monitored ? 

(6) As a result of a breakdown in protective measures or following wounds 
radioactive material may be taken into the body in significant quantities. 
How can instruments help in the detection and treatment of such 
persons? 

(7) The last question is concerned with the situation after atomic attack. 
The medical services will have all their resources' severely strained by 

large numbers of casualties suffering from burns and t,rauma [4]. Many of them 
will in addition be affected by radiation. If the best use is to be made of avail
able facilities we must be able to tell as soon as possible how much each patient 
has been 'affected by radiation. Waiting until the maximum lymphocyte 
depletion has developed and then performing blood counts would lose time, 
and take up personnel who might more profitably be employed on transfusion 
or other duties [4]. 

Provided sufficient information was available about the type of weapon 
used, its height above the ground at the time. of the explosion, and the position 
. of the hypocentre, it might be possible to make some sort of estimate of the 
amount of radiation received by a patient,. whose position at the time. of the 
explosion was known. The amount and type of shielding available would also 
need to be taken into consideration. Even where all the information required 
was available much time would. be taken up in its collection and the details 
about the patient might well be inaccurate. 

Vomiting on the day of bombing may give some indication of the amount 
of radiation damage sustained [5]. There will always be the possibility that 
this is dl.le to psychological or othei': callses. When it is a result of radiation the 
dose may have been moderately severe to massive. 

Hrematology, the physical factors and the clinical picture are all unsatis
factory. What can instruments do to help? A suitable instrument will not 
only help in the sorting of injured personnel, but will make the diagnosis of 
significant exposure to radiation' damage, and the reassurance of unirradiated 
personnel, a non-medical matter, thus enabling the best use to .be made of 
available resources. 

CONSIDERATIONS AFFECTING THE TYPES OF INSTRUMENTS REQUIRED TO 

DEAL WITH THE CONSEQUENCES OF ATOMIC WARFARE 

The use of nuclear weapons in war is still so new that it would be unreason
able--even dangerous-to attempt to cater for all conceivable forms of attack 
by a fixed range of instruments made in large quantities in advance. In a 
future war there would have to be that. day-tocday development of defence 
(and, we hope, attack,although we are not concerned with that here) which 
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was brought about by the close co-operation of scientists, engineers and the 
armed forces in the last' war in combating the sea mine and the flying bomb. 
There would, however; be a basic set of instruments produced on a large 
scale to satisfy certain requirements which may arise whatever the exact 
nature, form and method of use of the nuclear weapon. 

The Likelihood of Contamination from the Atom Bomb.-With this in mind, 
one should examine the general question of contamination by radioactive 
substances. This is likely to occur as theresult of a low-burst atomic bomb over 
land or water. In the former case, the fire· ball can touch the ground if the 
height of burst is less than 450 feet, and if less than 250 feet a crater will 
probably be formed. This means that perhaps hundreds of tons of earth, 
buildings, etc., will be vaporized and will pass up with the ball of fire. Additional 
dust and debris will be swept up by the wind which blows inwards to ground 
zero as the result of . the convective movement. Much of this material will 
eventually fall to earth again in a contaminated state. The location of this 
contamination, its concentration and the time taken to settle out will depend 
on the design of the bomb, the nature of the earth's surface and the atmospheric 
conditions (prevailing winds, rain, etc.). In Japan the two bombs were detonated 
at a height of about 2,000 feet so that the fall-out was inconsiderable. This 
was done intentionally so that the bombs would cause the maximum destruction 
to these targets and the situation might be different in the case of an enemy 
attack on this country. 

In addition to fall-out, contamination may result from the deposition of 
fission products on the ground and from radioactivity induced in substances 
near the ground zero by the neutrons from the burst. At the New Mexico trial 
(bomb at 100 feet), the dose rate at one hour after detonation was 8,000 
roentgens per hour at ground zero (mean lethal dose is 450 roentgens) and 150 
roentgens per hour at 300 yards. Cattle 'at 10-15 miles away were affected by 
the fall-out. 

For a burst over water the contamination will, generally speaking, be 
more severe than for a comparable 1:mrst over land. A special difficulty in the 
cl),se of sea water ~s the induced radioactivity in the sodium of the salt. 

These facts must be qualified by the knowledge that serious contamination 
is associated only with a low burst and that the neutron-induced radioactivity 
and the contamination from fission products decays rapidly. For example, the 
total gamma activity from the fission products falls to less than one hundred 
and thirtieth of the value obtaining at one minute after the burst, by the time 
an hour has elapsed, and at the end of twenty-four hours there is less than 
1/6000 of the one-minute value remaining. It is estimated that no serious 
effects would have resulted from walking straight across the New Mexico 
contaminated area if six hours or more had been allowed to lapse after the 
burst. It would have been possible to drive across in a car much earlier, since 
in this case the time of exposure would have been shorter to compensate for 
.the higher dose-rate. Itmust also be remembered that such highly contaminated 
areas would be completely devastated by blast and fire and it would rarely 
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be worth while, or even physically possible, to. 'enter them. Furthermore, the 
,dose from contamination deposited <tn the ground would not, add appreciably 
to the heavy flash dose sustained by those unprotected people who were near 
the burst. 

The Portable Dose Rate Meter.-To sum up for the atomic bomb as we know 
-it, the, contamination after the' burst might range from something quite 
negligible up to a level which would 'preclude work in the area for a few days, 
depending on the conditions mentioned above. The danger has probably been 
,over-estimated in the past. . 

It is clearly necessary to rely on an instrument to show if there is appreciable 
contamination and, if so, to what degree. This instrument, called a Portable 
nose-Rate Meter, should be used to make a reconnaissance of the devastated 
area near ground zero as soon as possible after the burst and at intervals there
,after. It shows continuously the rate at which radiation is being received by 
the carrier, in units of roentgens per hour. As the streets are likely to be 
blocked with blazing debris it might be necessary to make the survey by 
aircraft; perhaps a helicopter could be used. 

When this information of dose-rate at a given time and distance from the 
centre of damage was kn9wn at the Control Centre, it would be possible to 
decide how long rescue parties could be allowed to work in these areas, bearing 
in mind the natural decay of the radioactivity. This instrument, therefore, 
caters for requirement No. 2. 

The Individual Dosimeter.-It is likely, once rescue operations had begun, 
that the parties might have to make unforeseen detours or special journeys 
,as the situation developed, so that however careful might be the forecasting 
·of total dose to be received, based on the Dose~ Rate Meter readings, there 
would always be some uncertainty. This will be met by the use ofthe Individual 
Dosimeter which might be carried by one or more members of a rescue party. 
It shows at a glance the total dose of radiation sustained by the wearer from 
the beginning of the operation and is very robust. The use of this instrument 
is a contribution to the fulfilment of requirement No. 2. 

Contamination from the Fall-Out.-The information provided by the Dose
Rate Meter would have to be combined with meteorological information by the 
trained technical staff at the Headquarters of the controlling authority (Civil 
Defence or Service) in order to forecast the probable course and intensity of 
the fall-out. (This brings up the requirement for good and reliable radio 
communication between Headquarters and rescue parties.) As the result of 
this calculation, instructions would be sent immediately to all existing Casualty 
Clearing Stations and Field Dressing Stations in the affected area. No doubt, 
owing to the general difficulty of organizing a move and the shortage of 
transport, it would sometimes be decided to remain until the Individual 
Dosimeters began to record direct evidence. It would be an obvious pre
caution to cover food, close windows, etc. In such areas, however, it would be 
foolish to site new Casualty Clearing Stations, Dressing Stations, etc., and, in 
general, these would not be planned downwind and would not be sited until 
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the instructions referred to above were issued from Headquarters. This is 
considered to be the practical way of answering 'Question 1. 

The Oontamination Meter.-Question 3 asks what arrangements might be 
made for the detection of contamination of personnel and for its removaL 
Except in the case of a burst in water or ground, it is not considered that 
sufficient contamination would fall on people to cause them serious injury 
from external irradiation~ but it is obviously desirable for extensive con
tamination to be detected and removed by organized washing and laundering, 
especially as normal facilities in the bombed area might well be put out of 
action by failure of electricity, gas and water supplies. The most urgent 
requirement would be to separate out those with no contamination so that they 
could proceed as quickly as possible to carry out essential services or merely 
get out of the way. The Contamination Meter has been designed with this 
requirement in view and meets Question 3. It consists of a Geiger counter 
which, when held near a person, shows by a meter reading whether he is 
seriously contaminated or not. 

If entry to a seriously contaminated area were essential, the working parties 
would have' to wear ordinary respirators, as the amount of dust created by 
resoue operations and demolition is very heavy and it would be neoessary to 
avoid its inhalation or ingestion. For the same reason, smoking, eating and 
drinking would have to be forbidden in the contaminated area, and casualties 
would have to be covered (especially their wounds) and protected from further' 
contamination. No doubt an expendable outer garment such as a thin, light 
boiler suit, gloves, hood and overboots could be provided so that on return to 
base, a few seoonds would suffice to remove practioally all oontamination into 
a bin for later disposal. It is worth noting that the respirator and rubber 
boots provided for protection against" CW " contamination would be adequate 
for "A" contamination. In the same way, gas cleansing stations and gas 
capes would serve a dual purpose. 

Oontamination of Water and Food.-The' requirements raised in Questions 
4 and 5 are considered to be speoialized in nature. 

A little refleotion shows that it would be quite impractioable to monitor 
local water supplies and individual food stocks in shops and homes in -the 
fall-out areas, which would probably be some miles away from the burst. 
However, the immediate dangers from contaminated drinking water and 
fo.od may not be very serious if the degree of probable oontamination oan be 
forecast soon after the burst as indicated above. Those living downwind in a 
region of probable fall-out ,would then have to be warned not to eat any food 
which had been exposed in the open air and not to drink from open SOUf(~es: 
Tinned or wrapped food w:ould be reasonably safe and so would tap water 
as the reservoirs supplying large towns are often some distance away and 
there is also a high probability that radioactive partioles would be adsorbed 
on mud and on sand used for filtration. In the oase of London, there is a long 
delay between water leaving the Thames and issuing from the tap. Bottled 
mineral waters (and,beer) could be requisitioned to help in the emergency, and 
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distillation of contaminated water is an effective cure. Water from covered 
wells (except surface wells) could generally be relied on. 

Sooner or later exposed food stocks (including crops) and water would 
have to be tested, however. Proper allowance would have to be made for 
dilution, decay of activity and the incidental removal of radioactivity by 
normal processing. This would bea task which could hardly be performed 
by a monitor with a standard instrument. 

Question 6 concerns the detection of radioactivity inside the body and 
falls into the same category of specialization. The patient would probably be 
examined by what are now standard procedures in hospitals where radio
Isotopes are used clinically. In fact, the officers and technicians of the R.A.M.C. 
who had been trained in radiation techniques and in the use of radio-isotopes 
together with their resources of instruments and laboratory facilities would 
be invaluable for id hpc investigations and tests, especially in connexion with 
-casualties. It is open to question whether medical officers could be spared at 
such a time for the more general investigations but to reinforce them it is 
,suggested that there should be available specialized instruments which can be 
.operated by technically trained officers in order to monitor food and, water 
and equipment, and to meet any unforeseen situation which may develop. 
It might be necessary ,to modify or adapt instruments on the spot and it is 
apparent that their operators will have to be able to think against the enemy. 
'There are possibilities of the use of radioactive materials by saboteurs in ways 
which would not be found in the textbook. 

Attack by, Atomic Weapon8 in the Field.-Thestress has been placed so far 
.on the use of the Atomic Bomb on cities either at home or overseas where the 
Army would, no doubt, be called upon to aid the Civil Power and support the 
Civil Defence Organization. There is also a possibility that troop concentrations 
might be such as to justify (economically) the use of an Atomic Bomb as a 
tactical weapon. The probability, of contamination in this case would depend 
to some extent on the military situation. During an advance the enemy would 
not wish to contaminate heavily the groupd before him. Duringretreat this 
might be his object. 

The much-discussed use of radioactive by-products as a contaminant to 
replace or augment chemical warfare agents would also be more likely in retreat 
than in attack. There are obvious difficulties in applying highly radioactive 
substances to the ground and in maintaining their activity, but a heavily 
.contaminated minefield would be a formidable barrier. 

Whatever the form of the contamination in the field, the same geI1eral 
arguments used in the foregoing paragraphs will apply, and the same instruments 
-could be used, to reconnoitre the ground, to measure the total dose received 
during an operation ,and to detect contamination on the, clothes, person or 
equipment. The contamination of food or water would be less likely for an 
Army in the field than for a civil population. 

One very important difference between the contamination resulting from 
the' bomb and deliberate contamination is that the latter may not decay 
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rapidly as does the former. It is possible by storage of the material to allow 
the short-lived constituents to die away leaving only the longer-lived isotopes~ 
Thesewill persist much longer than the fresh fission products from the bomb. 

In8truments for Radio-Active Contaminati,on.-To summarize, the following 
three staJ1dard instruments may well be required by' the Army to meet the 
possibility of contamination by radioactive substances: 

(1) The Dose-Rate Meter; 
(2) The Individual Dosimeter; 
(3) The Contamination Meter. 

Details of. Service versions of such instruments are not available, but in 
the Civil Defence Manual [6] a description of the general, appearance and 

. operation of similar instruments may be found. 
The Measurement o/Flash Dose of Radiation.--;-With regard to Question 7, 

. the medical-and also command.,--requirement to know whether those exposed 
to the radioactive radiations from the bomb at the time of burst. will be fit 
troops, will reoover after medical treatment, will be sick for a long period or 
will almost certainly die, is not likely to be met by a. somewhat expensive and 
complicated electronic instrument: Something is needed which is· as closely 
wedded to the individual as his identity discs and which will be at the same 
time light in weight,small in size, cheap to produce, reliable, able to withstand 
rough treatment,ableto be interpreted quickly without instruments and which 
will consuPlethe minimum of effort and valuable material to produce. These 
requirements are dictated by the large numbers required for personal issue~ 
It is unlikely that a casualty, probably suffering from shock, burns and 
lacerations, or perhaps unconscious, would be able to say exactly where he 
was when the bomb detonated and the amount of shielding between him and 
the explosion. The dose suffered would depend upon whether he was upstairs 
or down, upright or prone, in front of a window or behind a comrade. Personal 
issue of an indicator; therefore, seems to be the only solution. 

Various indicators have been suggested in the technical press. For instance, 
chloroform [7] would release·a small quantity of acid as a breakdown product, 
and if an ordinary acid-alkali indicator were included in a small tube, its 
colour would be' a measure of the dose sustained. There are always difficulties 
in the mass production of such an article but they would not appear to be 
insuperable and, would surely be justified by the effect on morale alone. In 
conjunction with clinical observations (vomiting, etc.) a rough but adequate 
idea of the individual's dose could be built up. 

NOTE.-All ;figures used in this article are to be found in "The Effects of Atomic 
Weapons" published by the Atomic EnergyCommission, D.S.A. September 1950. 
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