






















































































































































































13. Tar PENETRATION OF THE GAMMA FLASH

13.1L Experi&z@enls on the Protection from the Gamma Flash afforded by Slit
Trenches '

13.1.1. The experiments described in this section show that slit trenches
provide a considerable measure of protection from the gamma flash. From the
- point of view of Service and Civil Defence authorities this is one of the most
important results of the trial.

13.1.2. Rectangular slit trenches 6 ft. by 2ft. in plan and 6 {t. deep were
placed at 733, 943 and 1,300 vards from the bomb and circular fox holes 2 ft. in
radius and 6 ft. deep were placed at 943 and 1,300 yards.

The doses received from the flash were measured with film badges and quartz-
fibre dosimeters in order to determine the variation of protection with distance,
with depth and with orientation of the trench and the relative protection afforded
by open and covered trenches.

In general, the slit trenches were placed broadside-on to the target vessel
but at 1,300 yards one trench was placed end-on. Two trenches, one at 733 and
one at 943 yards were covered with the equivalent of 11 inches of sand.

13.1.3. A few results were obtained to show the variation of dose in a hori-
e zontal plane inside a trench and these indicated that the dose at a given depth
' is not likely to differ from that measured on the vertical axis by a factor greater
- than 2-5 even at the remote ends.- Such differences are insignificant compared
with those accompanying a change in depth so that the degree of protection can
be assessed simply from the dose received on the vertical axis of the trench. A
summary of the results obtained is given in Table 13.1. The surface doses are taken
from the mean curve for the gamma flash dose given in Fig. 5.1.

13.1.4. From these experiments the following general conclusions may be
drawn : —

(@) Open slit trenches, nominally 6 ft.x 2 ft. x 6 ft. deep provide a consider-
able degree of protection from the gamma flash and this increases with
depth but at a decreasing rate.

(b) The approximate doses received by a man standing erect on the vertical
axis of such a trench, averaged for all orientations of the trench are
given below:—

Distance in yards ... 1,300 943 733
- Dose in Roentgens 55 240 1,070
‘. Thus personnel protected in this way would receive the median
lethal dose of 400r at about 850 yards compared with  just under
£ 1,300 yards when exposed on the surface.

(c) Personnel lying prone in open slit trenches 3 ft. or more in depth should
not receive the median lethal dose even as close as 733 yards.

(d) A top cover equivalent to one foot of earth reduces the dose experienced
inside a trench by a factor of about 5 so that, under these conditions,
median lethal dose for a man standing erect would be received at a
distance of about 650 yards. ‘

(e) The dose received on the vertical axis of trenches of rectangular cross-
section and which had random orientation, do not differ greatly from
those on the vertical axis (at the same depth) of cylindrical trenches

N of the same area of cross-section.

(f) This experimental data, showing how great is the protection afforded by
slit trenches, provides one of the most important results of the trial
from the point of view of Service and Civil Defence authorities.
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TasLE 13.1

Variation of Gamma Flash Dose on Vertical Axis of Trench
Rectan-~
Rectangular gular Circular open Rectangular
Type of trench broadside-on end-on broadside-on
open open covered
Distance (yards) ... | 1,300 943 733 1,300 1,300 943 943 733
Surface dose 300 {3,000 |14,000 300 360 | 3,000 |3,000 {14,000
(Roentgens)
Depth below ground
fevel (inches)
6 150 | 1,000 — 230 214 | 1,200 (75) —
12 75 430 — 150 120 545 47-6 —
24 333 150 584 60 54-5| 188 25 (140)
36 23 70 216 31-6 30 86 13 (56)
48 (20) 43 100 20 17-7) 48-5 7-7 (31)
60 — (37-5)) 61 13-6 10-7) (33-3) 5 (23)
72 — — (46-7) (8-6) 7 — (3-5) -

Entries in brackets are extrapolations or estimates.

13.2. The Pelnleaz‘ion of the Gamma Flash into Anderson Shelters and Concrete
Cubicles

13.2.1. Film badges were used to measure the gamma flash dose inside
Anderson shelters and concrete cubicles. The latter were erected primarily to
study the effect of blast on reinforced concrete panels but because of their regular
shape and appropriate range of panel thickness were well adapted for the study
of gamma-ray penetration.

In the Anderson shelters, the floors of which were situated at a depth of 3 ft.
below ground level, four film badges were disposed, two above ground level and
two below. Four badges were also placed in the concrete cubicles, along the
horizontal axis of symmetry pointing towards the weapon, (@) in the centre of the
cube, (b) against the front wall, (¢) against the rear wall and (d) at a distance of
one foot from the front wall.

13.2.2. The results of these measurements are summarised in Tables 13.2
and 13.3 together with estimates of the dose received outside the cubicles.

The results for Anderson shelters show considerable scatter but some broad
conclusions can be drawn. It is clear that for a burst near ground level, the dose
below ground level was about half that above ground, but this would not neces-
sarily apply to an airburst, where more of the radiation would come through the
roof. The shelter as a whole was quite effective in reducing the dose and the
median lethal dose of 400r would be received at about 2,400 ft. below ground
level and at about 2,700 ft. above, as compared with 3,900 feet in the open. The
advantage of gettmg down on the floor is further illustrated by the fact that at
2,700 ft. the dose received at floor level would be only 150r which may be regarded
as generally non-lethal, whereas the median lethal dose would be received above
ground level.

The results for the cubicles indicate complete protection against lethal effects
of radiation, i.e., a dose of 100-150r, inside a reinforced concrete structure with
walls 12 inches thick at about 3 ,300 f¢. and for 63-inch wall thickness in the region
of 3,900 ft. where the dose in the open would be the median lethal dose of 400r.

TABLE 13.2
Gamma Flash Doses in Anderson Shelters
Estimated
Dose Average Dose Inside (1)

Distance Outside Above Below

(Feet) () Ground Level Ground Level

1,380 75,000 N.R. 10,500

1,530 47,000 11,000 5,500

1,800 30,000 7,000 2,000

2,760 4,000 150 100

3,390 - 1,200 30 15
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TaBLE 13.3
Gamma Flash Dose inside Concrete Cubicles
Dose inside (r)
Estimated | l Average
Distance dose Wall Position of dose
(ft.) outside thickness badge Dose inside
(r) (inches) (see text) 3]
63 a 410
b 455
c 430 460
d 545
a 260
2,970 2,800 93 b - :
¢ 230 270
d 322
a 185
12 b 220
c 158 ' 190
d 195
3,975 380 92 a 35
b 62
c 46 50
d 58
N

The front of the cubicle at 1,800 ft. was blown in and the badges were exposed to
radiation from the fall-out,

14, Tur EFrFECT OF HEAT FLASH ON MATERIALS

14.1. Samples of cloth, service clothing and equipment, black-out materials
and temperature indicating lacquers were set out at various distances from the
weapon. This work was organised by staff of the Scientific Adviser to the Army
Council, of the Home Office and of the Admiralty. Owing to the small amount
of heat radiated by explosion under the particular conditions of the test, very few
positive thermal effects were obtained.

14.2. A preliminary report_from the Scientific Adyiser to the Army Council
gives the following observations: —

(i) Some scorching of cloth samples set up on panecls at 500 yards was
observed.
(ii) No effects were observed on the following:—

Samples of R.A.F. flying clothing exposed at 1,000 and 1,500 yards.
Norman battle-dress or combat suits with respirators and steel helmets
exposed at 1,000, 1,200 and 1,400 yards.

Gas capes and pouches at 1,000 yards and beyond.

Black-out materials, treated and untreated, fully exposed and
behind clear and white-washed glass, together with temperature
indicating lacquers on mild-steel plates at 1,000 yards and beyond.

Pieces of fibre-board and dummies representing the human arm
covered with shirt and battledress serge at ranges of 1,000 yards and
above.

(iiiy Samples of black-out material and heat-indicating lacquer exposed at
500 yards received heavy contamination and have not yet been fully
examined.

14.3. A service respirator face-piece, a civil defence respirator face-piece, a
civilian respirator and a children’s respirator were exposed at six positions between
450 yards and 1,000 yards. At all sites severe blast damage occurred and at the
nearest nothing of the masks was recovered. At the other distances, i.e. between
500 and 1,000 yards, where in some cases only parts of the respirators were found,
there was no sign of flash burn.

m -
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14.4. For one of the Naval ABC irials, canvas wallets, on to which were
sewn samples of different types of naval clothing, were set up at twelve points
between 750 and 3,500 yards from the explosion. The results were almost entirely
negative, the only material affected being IA8 blue serge which had a very slight
surface scorch at 750 yards.

15. CONTAMINATION AND DECONTAMINATION

15.1. The results and conclusions quoted here can be applied only to the
type of conditions experienced at Monte Bello, i.e., to a dry dusty location or to
dry debris resulting from the destruction of buildings. They also apply to recon-
naissance, rather than rescue or other dust-raising operations, with entry to the
contaminated area after fall-out has occurred and any fluid fall-out has dried.
The contamination will then be tightly absorbed on to the dust particles and
decontamination is then largely achieved by removing the dust. Contamination
from direct fluid fall-out was found to be strongly absorbed by the surface and
its removal was very difficult.

15.2. Protective Clothing

15.2.1. For the use of personnel entering contaminated areas a standard issue
was made of protective clothing. This consisted of cotton singlet and trunks,
woollen socks, a combination suit, rubber undergloves, cotton overgloves, half
wellington boots, a light service respirator and a hat, something like a trilby.
The combination suit had double legs from just below the knee, the inner one
being caught under the foot by means of a loop. The sleeves were double from
the elbow, the inner sleeve being retained in place by a loop passing over the
thumb. Both the inner leg and inner arm had elastic around the bottom. A
sweat-rag was worn round the neck. The following notes are given to illustrate

the lessons learned and conclusions reached, not always unanimous, concerning

its protective value and general usefulness.

15.2.2. Suits

General opinion agreed that the combination suit was surprisingly comfort-
able although for use in a hot climate a lighter colour would have been preferable.
The material was splash-proof but not water-proof and its weave seemed to be a
fair compromise between reasonable ventilation and the need to keep out con-
taminated dust. It was generally effective in preventing body contamination but
where the dust was rubbed or pressed in, e.g., at the knees or elbows or round the
legs when pushing through the long spinifex grass, it penetrated the suit and
contamination of the skin resulted. Thicker material or the use of long pants or
vests with sleeves would prevent this but would be impracticable for hot climates.
Elastic at the bottom of the legs and sleeves is liable to be damaged during
laundering and tapes would have been preferable.

15.2.3. Swear-rags

The sweat-rags used were not of the type expected and made only a defective
seal. They allowed perspiration to trickle on to the shoulders and thus caused
contamination which was sometimes difficult to remove. The necessity for a
sweat-rag would be obviated by the use of a hood as recommended later.

15.2.4. Headgear

The hats provided were unsuccessful as they did not prevent dust-borne and
air-borne contamination from collecting on the exposed parts of the head and
face. It was clear that only a hood would prevent head contamination.

15.2.5. Respirators

Although it was found that the respirators provided could be worn for long
periods, heavy work was rendered difficult by condensation of perspiration inside
the mask. It was felt generally that for fire or dust-raising operations, it is highly
desirable to have some form of respirator and for trials purposes these should be
worn in all significantly contaminated areas. Further investigation on the most
suitable type 1s clearly required, e.g., a light industrial dust mask and eye-shield

might be adequate.

]
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- 15.2.6. Gloves

Owing to the heat the rubber gloves were unpleasant to wear and were liable
to be torn in heavy work. They were also surprisingly difficult to decontaminate.
A plastic impregnated material might be more suitable, or alternatively the use
of two separate expendable gloves, e.g., a light cotton close-ﬁtting underglove and
a heavier reinforced overglove. Experience with the suit and underwear showed
that two layers of material would prevent contamination and at the same time
allow reasonable ventilation and sweat absorption. Two gloves were found to
be necessary at Monte Bello when records were being recovered from contaminated
regions, but for general use it would probably be better to have a single glove
if a suitable material could be found.

15.2.7. Boots

The rubber half-wellingtons used in conjunction with a double trouser leg
(one inside the boot and one outside) were effective in reducing foot contamination.
Their disadvantage lay in the difficulty of decontaminating them which was
accentuated by the matt finish and the indented pattern of the sole of those
supplied. A boot with a high gloss would probably be easier to decontaminate
or an expendable overboot might be considered.

15.3. Body Contamination

15.3.1. Removal of Body Contamination

During the three weeks following the burst about 940 man-sorties were made
into the contaminated areas. All personnel who had worn protective clothing
had to take a shower, as a matter of routine procedure, although many, e.g., boats
crews, had not entered areas of appreciable contamination. No records were
kept of the number of cases where there was no appreciable contamination before
the first shower. In only 18-4 per cent. of cases was further treatment necessary.

The effectiveness of the various treatments is summarised below:—

Trearment Percentage

No significant contamination after first shower 81:6
Contamination removed by re-wash only .. 5-5
Contamination removed with titanium dioxide and

Teepol* followed by re-wash 83
Further treatment with potassium permanganate and

re-wash 3-7
Release, after precedlng treatments with shght ‘residual

contamination .. .. . 0-9

* Later prec1p1tated chalk and Teepol

Personnel who were released with slight contamination iost much of it within
two days.

The heaviest contamination was found on members of a party which was
engaged in a variety of activities in the worst contaminated area of Trimouille.
They registered a gamma activity of between 3 and 6 milli-roentgens per hour.
The total dose rate in the area in which they worked was between 5 and 10
roentgens per hour and the total gamma dose received by each person was about
3r. Even in these cases the first shower-bath removed the bulk of the activity.

15.3.2. Location of Body Contamination

The following summary shows the number of instances in which contamination
was found on the various parts of the body after the first shower: —

Knees
Neck Face Hair and Legs Hands Shoulders Arms Chest Feet
91 67 67 54 27 0o 7 3 1

The location of the contamination varied with time. For example, about
seven days after the burst, entry into areas of heavy contamination was possible
and an increased number of contaminated knees and legs was caused by pushing
through knee-deep vegetation. Later the boats became contaminated and this
was spread to the knees and legs by sitting on the decks.
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15.4. Decontamination of Equipment
15.4.1. General Procedure

The procedure adopted fell into three main classes

(i) depending on complexing action involving the use of citric and other
acids to form soluble complexes with certain of the fission products
which are less easily absorbed on surfaces;

(i) normal cleansing action with wetting agents such as Teepol and degreasing
agents such as trichlorethylene, Butex and Irgalon, which may also
‘have valuable complexing actions;

(ili) absorption with fine powders such as titanium oxide or precipitated chalk
which present large effective surface areas.

15.4.2. Decontamination of Instruments

Loose dry contamination was first removed by cleaning by means of a dry
rag or by vacuum cleaning. It was found to be important not to wet the surfaces
before this was complete, for it the surface were wetted the fission products tended
to be carried in solution on te the surface and to be strongly absorbed. When time
allowed, dry cleaning was followed by storage to allow further decay of radio-
activity.

If wet treatment was necessary, the procedure consisted in first rinsing with
fresh water, and following it, if necessary, with a mixture of 5 per cent. citric acid
and 1 per cent. Teepol in equal parts. Precipitated chalk was also used.

It was found to be important that electronic equipment for use in the field
should be completely watertight so that it can be washed down. Rubber seals
should be designed so that the minimum crevice is left into which contamination
can lodge and so that joints can easily be remade after servicing. All surfaces
should be as smooth as possible and recesses, screw holes, slots and knurled knobs
avoided. Even then everything should be done to prevent contamination of
monitoring instruments and the use of expendable covers or bags, is strongly
recommended.

Experience with a ciné camera illustrates the difficulty of removing con-
tamination due to direct fluid fall-out. This camera was not recovered until the
fifth day and even though the surfaces appeared clean there was heavy contamina-
tion which was only reduced by about 20 per cent. after practically all the various
treatments had been tried at a prohibitive cost in time. It was finally cleaned
in the United Kingdom by complete removal of the black instrument finish.

It was also found to be practically impossible to decontaminate the fabric
instrument carrying cases and haversacks by any simple process such as scrubbing.
It is clear that expendable cases made of plastic or plastic-impregnated material
with smooth surfaces are required for this purpose.

15.4.3. Decontamination of Boats

By the end of the operation the outer surfaces of the boat hulls were not

seriously contaminated as the contaminated water had dispersed and the hulls
had been cleansed by much passing through clean water. Cordage, canvas and
bare wood fittings which retained radioactive products were finally jettisoned.
Contamination of decks was never high, and at the end of the operation was
removed by scrubbing and hosing after which the boats were hoisted at the davits
and left for the radioactivity to decay.

15.5. Contamination of Ships _ ‘ _

Some build-up of contamination occurred in certain parts of the engine room
of the Health Ship due to the circulation of contaminated sea water. In the
circulator and the weed trap the dose-rate rose to a higher level than that in the
water outside and reached a value as high as 6 mr/hr. It was concluded that
contamination of the engine room will be the limiting factor in assessing the level
of water contamination into which a ship may be permitted to sail. At Monte
Bello the contamination level was never serious and would not have restricted
operations. .

15.6. Special Decontamination Trials
15.6.1. Trial of Decontamination under Service Conditions

The steel deckhouse, referred to in section 12.6 under blast effects, recelved
a heavy dose of contamination which gave a dose-rate of 6 r/hr after 19 days.

& o ey EEEE I
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As part.of the Naval ABC trials, decontamination was done by two naval parties,
each of which, using a portable pump, hosed down for fifteen minutes with sea-
water, three minutes for each bulkhead and three for the roof.

.. Two removable steel plates were fitted to the deckhouse. One was removed
before decontamination and one after and both were sent to the health ship for
measurements of the beta and gamma activity. These measurements indicated
that the effect of the hosing down was to reduce the gamma activity by 60 per cent.
and the beta activity by 70 per cent. .

15.6.2. Reduction of Contamination by the Water Spray Method

In another Naval ABC trial, an attempt was made to protect surfaces painted
with naval light grey weatherwork paint from contamination by spraying with
water during exposure to fall-ont. The operation commenced shortly before the
explosion and continued throughout the fall-out period. One set of samples was
sprayed with sea-water and one with a mixture of sea-water and 0-1 per cent. of
citric acid. A third set was unsprayed and was used as a control. All samples
weée hinclined at an angle of 30° to the horizontal to minimise the effect of biast
and heat.

One set of samples was in a region of heavy fall-out, the dose-rate after
18 days being 5 r/hr. This corresponds to about 10,000 r/hr at 1 hour after burst,
a dose-rate which is comparable with that at the centre of a base surge.

Measurements of beta plus gamma activities showed that the activity of
samples sprayed with plain sea-water was only 11 per cent. of that of unsprayed
samples whilst the use of sea-water and 0-1 per cent. of citric acid reduced the
activity to only 4 per cent. of that of unsprayed samples.

. 15.6.3. A further Naval ABC trial was performed to determine the merits
of various surface finishes and materials in regard to ease of decontamination.
Small squares (3 inch) of a variety of paints, lacquers, instrument finishes and
miscellaneous materials of Service interest were set out in the fall-out area in
horizontal frames. At two sites the samples were lightly contaminated by dry
fall-out. This fall-out is the type of contamination to be expected from dust
distributed by an atomic explosion or carried by the smoke from fires. It is also
the type to be expected when civil defence squads enter contaminated areas. Tests
showed that about one half of this could be removed from smooth surfaces by
rubbing with a dry cloth but complete cleansing required wet treatments. This
work is still proceeding. _

At a third site liquid fall-out occurred and samples were mottled with a black
deposit of contamination which proved to be the remains of H.M.S. Plym. The
main problem here is to find to what extent and by what process the finishes and
materials contaminated by direct fall-out can best be decontaminated. This work
is still proceeding at the Admiralty Research Laboratory.

It may be mentioned that the control samples which were used in the spraying
tests at the same site and which were inclined at an angle of 30° were completely
free of the black fali-out, indicating its very fiuid nature. This emphasises the
advantage of effective draining of ships’ decks and superstructures.

15.7. Contamination of Stored Food .

15.7.1. At the request of the Ministry of Food a trial was performed by the
Home Office representatives to see the effect of an atomic burst on food stored
temporarily on a dockside or in dock buildings severely damaged by previous
attack, particularly with a view to estimating what proportion of such food could
be recovered and made fit for human consumption. Three dumps of food were set
up on Trimouille their contents being given in Table 15.1. It should be remembered
that the results obtained must be related to the dose-rate rather than the distance
since the position at which a given level of contamination was received at Monte
Bello was determined by the particular wind conditions obtaining at the time.

15.7.2. At one site, the activity at one hour after burst was estimated to be
100 r/hr. There was no sign of fluid fall-out at this site. Considerable damage
was done by blast and some samples were destroyed by fires which almost certainly
were started by pieces of red hot metal from the target vessel rather than by
heat flash. The activity in samples inside containers varied from 1/20th to
1/2,000th of that on the outsides of the containers which was of the order of

20 micro-curies per sg. cm.

46637 , V F 2

19110068



36

At a second site, there was no appreciable fall-out in the region of the food
dump and no disturbance of the food-stuffs by blast or fire.

At the third site, the estimated activity at one hour after the explosion was
about 250 r/hr and there was evidence of heavy liquid fall-out in the form of
black cloudy rain which covered the upper surfaces of the various packages with
black spots giving the surfaces an overall activity of about 50 micro-curies per
sq. cm. Nomne of this discolouration penetrated to the inside surfaces of any of
the covers. The activity of samples of the contents of the various packages was
between 1/10th and 1/100th of that on the outside. The activity of the samples
at this site was-about ten times that in the samples at the first site although
the ground contamination was only 25 times as great. This illustrates the greater
penetrating power of liquid fall-out. It is also evident that the penetration through
woven materials was about ten times that through paper and plywood. In the
worst case (of woven sacks) only one-tenth of the activity deposited by the fall-out
found its way into the upper layer of food and this activity was of the same order
as that stated in Civil Defence Technical Bulletin TB-11-8 to be the permissible
emergency level in water and food (0-9 microcuries per cc.) for consumption over
a period of ten days.

15.7.3. 1t is therefore concluded that under heavy contamination of the type
which occurred in this test a very high proportion of food exposed in dumps such
as those tested would be fit for human consumption. Special care would be
required in the handling and disposal of the covers. These considerations, of
course, apply to dry atmospheric conditions. It is possible that, if there were
heavy rain at the time, penetration through the covers would be much greater.

15.8. Radiation Hazard, inside a Compartment, due to External Contamination

Measurements of the gamma dose-rate inside and outside the 1-inch steel plate
deckhouse used for the decontamination experiments described in section 15.6.1
showed that the dose-rate inside the compartment was 25 per cent. lower than
that outside. The readings obtained before and after decontamination of the
outside of the deckhouse were the same showing that the contamination on the
actual deckhouse made only an 1n51gmﬁcant contribution to the level of radiation

inside.

15.9. Radiac Instruments

Tests under service conditions were made of many types of dose-rate meter
and personal dosimeters. A report on appropriate ones has been made to the

Radiac Panel.

S
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19110069



TaBLE 15.1

Contents of Food Dumps
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Commodity Weight Container
"
Flour 3 x 140 Ib. bags Finely-woven jute
3 x 140 Ib. bags Cotton
3 x 140 Ib. bags Nylon
) 2 x 56 Ib. bags 5-ply paper, bitumen-lined
1’ Wheat ... 5 x 180 Ib. sacks Jute
| 3 x 180 Ib. sacks Cotton
| 2 X 56 1b. bags Paper, 5-ply, bitumen-lined
: 2 X 56 ib. bags Paper, no lining
Carcase Meat ... | 1 Carcase of mutton, total weight 50 Ib. Wrapped in cotton
‘ Sugar 1 x 160 1b. sack Jute
! 1 x 160 lb. sack ... | Cotton
i - 1 X 56 Ib. case containing 28 x 2 Ib. | Fibreboard
‘ cartons
28 x 2 1b. cartons ... Cardboard, unwrapped
) Tea 1 X 120 1b, chest Plywood—metal foil-lined
' 56 x 1 Ib. packets ... Paper, no outer wrapping
* Canned Meat ... | 24 X 6 1b. tins (360 Ib. gross)
Fats 1 X 64 1b. cases Wood-—paper-lined
28 x 3} 1b. packs Paper—exposed
28 x % 1b. packs Paper inner—fibreboard outer
Rice 2 x 114 1b. bags - Jute
1 x 114 1b. bags Cotton
s \,
Potatoes 2 X 1 cwt, Jute sacks
2 cwts. ... Buried in soil
@ Cabbage 1 cwt. 2 X 56 Ib.) String bags
| 16. BIOLOGICAL INVESTIGATIONS
. 16.1. Introduction
1 Previous atomic explosions have provided information about injuries from

blast effects, heat and prompt nuclear radiations, but relatively few data are avail-
able about the biological hazards of fall-out. The purposes of these investigations,
undertaken at the instance of the Medical Research Council, were therefore te
® observe the Monte Bello explosion from the point of view of all medical effects,
in a general way, and to scrutinise those of the fall-out in particular.
The following questions were selected for special study:—

(@) Would radio-iodine exist in the fall-out on the ground or in a vapour
state? The absence of radio-iodine would not only influence ground
radiation doses by some 20 per cent. in the first few days, but also the
rate of decay of fall-out at this time.

Y (b) Would the iron and debris present during the quenching of the fire ball

| absorb the fission products and interfere with their availability to plants

and animals? This would influence all risks due to radio-active

8’ elements lodging in tissues, especially bone, after inhalation or
swallowing fall-out.

y Investigations were conducted at the trial, and later in laboratories in the
United Kingdom. In particular, samples of fission products were collected after
the explosion and flown back to the United Kingdom for plant and animal studies.
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16.2. Studies in Relation to Operational Problems

16.2.1. Availability and Absorption of Radio-elements by Biological Systems

Various animals and fish were caught within seven days of the explosion.
Radio-iodine was recognised in the thyroid of a severely contaminated rat. The
radioactive decay of all other tissues examined, including bones, suggested the
absorption of a diversity of radio-elements by biological systems. Radio-iodine
also appeared to be available to, and concentrated by, seaweed in the lagoon.

These results indicated that previous assumptions about the constitution of
the mixed fission products on the ground are applicable to calculations of the
intensity of radiation fields and their decay rates there in the early days after the
explosion. The absorption of radio-iodine and other fission products revealed that
the presence of iron and debris had not completely eliminated biological hazards
due to swallowing or inhaling them and made necessary the quantitative studies
of uptake described in Sections IT and I below, and more experiments at the trial.

16.2.2. Contamination and Decontamination of Vegetation

It was found that the radioactive contamination of leaves was particulate, and,
in worst cases, it could be recognised as black spots, v151ble to the naked eye;
this could be of assistance to radiological monitors.

As up to 66 per cent. of the radioactive contamination could be removed by
washing vegetation for 10 minutes, some measure of salvage of vegetables might
be achieved, and such washing would be worth while in the absence of radiological

monitoring, or until this could be completed. There appeared to be very little

selection of the radio-elements removed from vegetation by water or detergents.
Heavy rain cannot be expected to effect the complete decontamination of the
surface of vegetation. A rough estimate suggests that 60-90 per cent. would be
removed by heavy precipitation. Radio-elements from the fall-out, blackened
with debris, which fell to the North of the Target Vessel, were absorbed by plants
and recognised in leaf veins. However, this internal contammatlon was small by
comparison with that adhering to the surface of leaves.

16.2.3. Inhalation of Fission Products by Human Beings
Inhalation could be another route of entry for fission products into animals

and man. At various times, men entered the radioactive areas without respirators.

and it was possible to find traces of radioactivity in their urine within a few days.
In an experiment designed to utilise a situation which arose fortuitously, it was
possible to secure convincing evidence that such radioactivity in urine had been
due to the inhalation of fission products, rather than by other possible routes of
entry. These, and other, results indicated that respirators were effective barriers
against the inhalation of fission products from this atomic weapon.

The amounts of radioactivity found in the urine subjects collected for 30 hours
after exposure without respirators ranged up to 25x 10~ microcuries. These
small amounts had some rough correlation with the radiation dose from the fission
products on the ground. These results were in general agreement with previous
predictions - as between the uptake by inhalation, and the surf ace radiation intensity.
Although only traces of radioactivity were found in men exposed to the fall-out
several days after the explosion, it would seem advisable to Wear a respirator
while the fall-out settled.

It may be of some operational sxgmﬁcance to record that, as expected, the
urine of a man who inadvertantly bathed in and swallowed mlldly contaminated
water (2 milli-r/hr at 3 feet) did not contain measurable radioactivity.

16.2.4. Protective Clothing : Thermal Stress

Men working in radioactive areas wore dark-coloured protectwe garments.
The first parties to return to the Health Ship on D-day showed many features of
thermal stress including intense thirst, ‘marked irritability and tremor. Investiga-
tions were initiated. Men wearing the protective clothing in solar radiation with
wind speeds of 9-10 knots, shade temperature of 77-86° F. and Relative Humidities
of 61, lost up to 16 1bs. The mean 4-hour sweat rates ranged from 2-4 litres on
various days. A sweat rate of 4 litres per hour is approximately the general upper

limit of tolerance. It is concluded that the thermal stress of protective clothmg

deserves consideration.
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16.2.5. Decontamination Procedures—Time Involved

After returning from radioactive areas, all men were monitored, decontamin-
ated by washing and remonitored. The average times taken for the Var10us

procedures were measured, as follows: —

(@) Being undressed down to underwear and socks ... 61 seconds
(b) Preliminary monitoring e 169 .
{¢) Showering ... 390 v
{d) Drying ... ... 126,
(e) Second Momtormg .. 164 v
In the case of personnel still contaminated—
(f) Application of decontammatmg chemicals ... 60
() Second shower—usually to neck ... 235
(#) Second drying ... 120,

Some men needed 5 showers to pass the (very low) tolerance at final

monitoring.

These times do not include waiting periods. It must be emphasised that they
apply to men insulated by protective clothing. The times would be greater for
uninjured persons not in protective clothing escaping after an attack. It is clear
that great time losses would accrue in the general confusion whether such persons
were left to fend for themselves, or if cleansing were organised. Decontamination
would certainly have to be orgamsed for all casualties, with ensuing delays in
gvacuation, sorting and treating them.

16.3. Botanical Investigations of Material Collected at Monte Bello

16.3.1. Introduction
The objects of the investigations were : —

(@) To make some measure of the degree of contamination of the ground by
radio-elements of biological significance.

(b) To discover the fraction of the deposited radioactivity which consisted of
such radio-elements.

(¢) To determine the extent to which such radio-elements were available to
plants.

(@) To dlscover how various soils might influence this availability.

(e) To assess the effect of rain upon the movement of fission products into
the soil.

16.3.2. Materials Used in these Investigations
The materials which became available for study were:—

(a) Esparto grass filters contaminated with airborne fission products.

(b) Cotton gauze sheets, 1 yard square, collected from T 2 on D+ 3.

(¢) Miscellaneous plant samples collected from Gardenia, Primrose, North
East and Trimouille Islands within three weeks of the explosion.

These materials became available in the United Kingdom 9, 13 and 48 days
after the explosion. The majority of tests were conducted with aqueous extracts
of the filters and the cotton gauze sheets, neither of which were contaminated by
the blackened fall-out. However, it should be pointed out that it is highly unlikely
that practical agriculture would be considered soon after an attack in areas visibly
contaminated. “The long-term problems in such an area are under study.

16.3.3. Degree of Radioactive Contamination of the Ground
The mean contamination levels by radio-elements of biological significance

on the cotton gauze samples examined were, as microcuries per cm.”, ***Barium:
(-89, **Strontium: 0-007, **'lodine: O- 99 wRuthenium: 0-013. All these

values have been extrapolated back to the day of the explosion, at which time
they exceed the levels }udged to be tolerable for cattle grazing by factors of 10 to

2,000.
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16.3.4. The Fracrion of Total Radioactivity on the Ground which Consisted
of Radio-elements of Biological Significance

The solubility of fission products in water and aqueous carrier solution was
regarded as a useful index of biclogical significance. 60 per cent. of the total
activity in the cotton gauze samples, and 80 per cent. of that in the esparto grass 5
filters, were soluble in this way. :

Analysis of the radio-elements in these solutions several weeks after the
explosion revealed that, as calculated back to the day of the explosion, **Iodine o ®
was predominant and ***Barium, **Strontium and "*Ruthenium were also present:
the proportions were approximately 600:175:15: 3, respectively. Traces of other
Rare Earths were also identified.

16.3.5. Absorption of Radio-elements by Planits

The absorption of the radio-elements in an aqueous extract of cotton gauze
was studied. ~

(@) Water Culture—Barley and cabbage were grown in the aqueous extracts,
alone and with various nutrients and concentrations of calcium ions.
In 12 days, Barley took up 20 per cent. of the radio-barium present,
10 per cent. of the radio-strontium, 12 per cent. of the radio-iodine
and 8 per cent. of the radio-ruthenium from the aqueous extract alone.
Cabbage took up rather less ruthenium and rather more of the other
radio-elements studied. After 21 days, the uptake was somewhat K
increased. Smaller amounts of barium and strontium were absorbed
in the presence of calcinm ions. It may also be noted that very little
of the ruthenium or iodine was transferred from the roots to the shoots. .

(b)Y Soil Culrure—Wheat was grown in soil from Wytham and Cannock Chase
to which agueous extracts of the contaminated gauzes had been added.
After 150 days, the radioactive content of the whole plants was less
than 1 per cent. of the total activity added, and probably less than
0-5 per cent. of the original total fission products in the gauze. The
radioactivity in the wheat shoot was greater by a factor of 3, in those |
growing in Cannock Chase soil. This is believed to be related to the i
lower calcivm content of this soil, 0-6 mEq. per cent. as opposed to
17-2 mEq. per cent. in the case of Wytham soil.

Important for future laboratory studies is the finding in parallel experiments
that the absorption and behaviour of carrier-free *°Sr was in every way similar to
the same element in the mixed fission products.

16.3.6. The Effect of Rain upon the Movement of Fission Products into Soil
One hundred days after the explosion, aqueous extract of fission products

was added to the surface of soils in 12-inch high cylinders, and the mixture exposed <
to natural rainfall for a further 80 days.
Eighty-eight per cent. of these soluble fission products were retained in the i

top 1 inch of the Wytham soil, and 68 per cent. in the top 1 inch of the Cannock - ~
Chase soil.

Of the traces of radiocactive material leached through the 12 inches of soil,
over 90 per cent. was as '°’Ruthenium, which therefore may be regarded as the
radio-element most likely to migrate from contaminated areas into the water table
and so drain away.

16.3.7. Summary of Botanical Inrvesn'gation

The results show that after the Monte Bello explosion, contamination of ‘the
ground occurred which was at dangerous levels for agriculture in places where the

fall-out was not visible to the naked eye. "
The presence on the ground of radio-iodine, and other radio-elements of

biological importance, was confirmed, as was their availability to plants. However, v

apart from the risks of animals and human beings eating vegetation contaminated 1

directly on the surface, a variety of factors in Nature tended to diminish the risks i

to be expected from eating fresh crops of vegetation growing in the fall-out area

after the Monte Bello explosion. 7 ;
- Sixty per cent. of the fission products which lay invisible on the ground in

the highly contaminated region of Trimouille were soluble, and may be considered
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as of biological significance. Although plants growing in water culture might
take up as much as 50 per cent. of these soluble fission products in 21 days, in
the more practical experiments, wheat shoots grown for 150 days in soil to which
soluble fission products had been added contained less than 1 per cent. of the
radioactivity applied (i.e., about 0-5 per cent. of the total fission products). This
low fraction of fission products absorbed may be related to the fact that almost all
the fission products were trapped in the top inch of soil, even after exposure to
rain for 80 days. Thus the percentage uptake might be higher with shallow-rooted
plants such as grass.

The retention of fission products in the upper layers of soil precludes their
rapid removal from contaminated areas by rain. Less than 5 per cent. of the
fission products were leached through 12 inches of soil between D+ 120 and
D +200. Ruthenium constituted most of this leached fraction. Fortunately
Ruthenium was not absorbed readily by plants; less than 1 per cent. of **Ruthenium
in water cultures found its way into the shoots of barley and cabbage plants
growing therein for 12 days.

These results agree with the findings at the trial that internal contamination
in plants is much less than direct surface contamination. Under the conditions of
these experiments the expected uptake of fission products by new crops growing
in contaminated soil would be no higher than 1 per cent., and new crops growing
in areas draining contaminated zones, probably less than 0-03 per cent. More
investigations are needed before these data can be used to determine accurate
safety levels. In particular, it is necessary to establish the percentage of radio-
activity in plants which can be absorbed by animals and man as a result of ingesting
crops_containing such radio-clements as the latter will select from the soil.

These investigations are being pursued.

16.4. Zoological Investigations with Material Collected at Monte Bello

16.4.1. Introduction

The purpose of these investigations was to confirm and extend, both qualita-
tively and quantitatively, those made on animals at the trial. Particular attention
was paid to the proportion and chemical identification of fission products taken
up by various tissues.

16.4.2. Materials and Methods
The samples investigated were: —

(@) Airborne fission products collected on esparto grass filters. These and
aqueous extracts thereof were fed to 4 rabbits 200-859 hours after
the explosion.

(h) Aqueous extracts of “invisible ” fall-out from T 2 on Trimouille as pre-
pared for the botanical experiments, containing 15-20 per cent. of the
total radioactivity present in the fall-out. This was fed by pipette
to 11 guinea-pigs 200-400 hours after the event.

(c¢) Blackened earth and sedge-like herbage collected inland from Main Beach
on Trimouille. These, and aqueous extracts thereof, were fed to
guinea-pigs and 6 rabbits 1,300-2,500 hours after the event.

The animals were sacrificed at various times after being fed, dissected, and
digests prepared of excreta, intestines, muscles, liver, kidneys, thyroid, and bones.
These digests were investigated in an M.6.H. liquid counter.

16.4.3. Results of Examining Tissue Digests for Radioactivity

(@) General—Computations comparing the total radioactivity given to that
detected in the excreta and tissues showed that recovery was within
the limits of the errors in methods of feeding. A large proportion
(usually more than 50 per cent.) of the radioactivity given appeared
in the feces and bowel contents and a small percentage was detected
in the urine. The findings in all tissues except the thyroid and bones
were of more interest than practical signiﬁcance: after early sacrifice
the livers, kidneys and muscles contained small percentages of relatively
rapidly decaying fission products.

46637
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More detailed investigations were directed towards the findings in
the thyroid gland, the skeleton, the former because of its value in
providing information about radioactive iodine, the latter because of
the clinical importance of injury to the blood-forming cells from bone-
secking fission products.

(b) Thyroids—Up to 2-4 per cent. of the radioactivity in the samples fed
within 2 weeks of the explosion could be traced in the thyroid gland.

On D+ 10 the thyroid from an animal fed with airborne fission
products showed a decay compatible with a mixture of “**I and '*'L
The decay of other thyroid glands was always with an 8 day half life,
presumably due to "',

15-20 per cent. of the radio-iodine in the aqueous extracts of
invisible fall-out from T2 fed to anmimals could be found in their
thyroids after 24 hours.

It was therefore concluded that radio-iodine was present not only

in the airborne cloud, but also in the invisible fall-cut, and that it was

water soluble and available for absorption by guinea-pigs and rabbits;
it did not prove feasible to investigate the presence and availability of
radio-iodine in the black fall-out.

(¢) Bones—The outstanding feature of these studies was the variation in the
percentage of radio-activity deposited in the bones after feeding
different samples of fission products. The average percentages were : —

Airborne Fission Products 8 per cent.

Aqueous Extracts of Invisi- 14 per cent., i.e., some 3 per cent.
ble Fall-out of the total activity on the
ground.
Blackened Fall-out 02 per cent.

The counts of all skeletal digests showed an early rise, which could
be atiributed to *’Lanthanum being formed from '“*Barium. The
subsequent decay could have been explained by various mixtures of
**Ba and *’Sr, but chemical analysis revealed the presence of various
Rare Earths as well: Cerium, Yttrium and Praseodymium have been
identified. s

More detailed studies showed that, after feeding airborne fission
products and aqueous extract of invisible fall-out, the proportion of
Barium and Strontium in bones was roughly the same as in the material
given. In contrast, after feeding material contaminated with blackened
fall-out—where the percentage deposition in bone was so small (0-2
per cent.)—the absorption of Barium and Strontium was even more
severely curtailed than that of Rare Earths.

16.4.4. Supplementary Experiments

The low absorption after feeding blackened fall-out and the very smail per-
centage deposition in skeletons are obviously of interest not only in respect of
a possible atomic attack, but also in the event of accidental exposures to mixed
fission products in atomic energy programmes.

Some possible factors responsible for the diminished deposition in bones are
as follows:—

(@) The presence of Magnesium Sulphate in the Monte Bello sand.

(b) The presence of Calcium ions in the Monte Bello sand; both these facts
were known from previous soil analysis.

(¢) The presence of iron from the target vessel.

Because low absorption was found using black fall-out but absent using
extracts of the invisible fall-out which was mixed with Monte Bello sand at T 2,
interest was naturally aroused in the possible role of iron in interfering with the
absorption of Barium and Strontium as well as Rare Earths. _

In an experiment with guinea-pigs fed radio-Barium/Lanthanum solution
with minimal carrier, it was shown that 5 mg. spectroscope-pure Iron oxide half
an hour before feeding would reduce deposition in the skeleton by a factor of 3.
When the same treatment was also continued twice a day for 3 days after feeding,
the deposition in the skeleton was reduced by a factor of 10.

These studies continue.

s )
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16.4.5. Summary of Zoological Experiments

When various samples of mixed fission products from the Monte Bello explo-
sion were fed to guinea-pigs and rabbits the majority of the radio-activity given
was excreted in the feeces and urine. The most serious accumulation of absorbed
radio-elements occurred in the thyroid gland and bones. The thyroid glands took
up 20-25 per cent. of the available radio-iodine from the aqueous extracts of
“invisible ” fall-out which fell to the North of the Target Vessel. The proportion
of fission products which lodged in the bones was highest with airborne fission
products (about 8 per cent.), less with “ invisible  fall-out (about 3 per cent.) and
remarkably small in the case of ““ black ” fall-out (0-2 per cent.). The investiga-
tions also showed that elements other than Barium and Strontium accumulated
in bone: Cerium, Yttrium and Praseodymium have been identified.

It is suspected that some chemical property of the black fall-out material
was responsible for the diminished absorption of radio-elements observed. This
chemical factor may be iron oxide, which has been shown to interfere with the
uptake of '“’Ba by bone. These studies continue.

It must be remembered that no experimental data could be secured about
the uptake of fission products in the first day after the Monte Bello explosion,
that is, during the “ escape phase,” at which time the mixture of radio-clements
is more complex than later. Furthermore, it was not feasible to study the absorp-
tion of any fission products from the ““ black ” fall-out in the first 5 weeks after
the Monte Bello explosion; the interfering property of this material might or might
not have diminished absorption during the earlier stages.

It should be noted that although the radiocactive content of the “ black ” fall-
out was generally greater, its very visibility would indicate its dangerous properties
if the populace were made aware of its nature. On the other hand the greater
uptake probably from * invisible ” fall-out stresses the need for monitoring and
vigilance in fringe areas.

In conclusion it must be emphasised that these laboratory studies were made to
explore the hazards from fall-out, especially after inhaling or swallowing it. But
other important effects of the Monte Bello explosion created serious biological
risks: these may be assessed on the basis of the data accumulated from previous
atomic explosions.
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