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FIRST RESULTS FROM THE PROGRAMME OF ACTION 
FOLLOWING THE PALOMARES ACCIDENT

Emilio Iranzo

Junta de Energla Nuclear - Madrid - SPAIN.

INTRODUCTION

In reply to ihe kind invitation of the Fachverband filr Strahlensohutz, 

we would like to give an idea of the work which is being carried out 

in connection with the wellknown Palomares accident, and give indica

tions of seme of the general results obtained, with the idea that in the 

Symposium on Agricultural and Health Aspects of Radioactive Contami

nation in Normal and Emergency Conditions which is going to be held 

in Cordoba (Spain), organized jointly by the I. A . E . A. , F. A. O . , and 

W.H.O., we shall present more detailed studies on each of the sections 

we shall briefly refer to here.

As a consequence of the air crash which caused, on the 17th Janua

ry 1966, the explosion of part of the conventional explosive, which was 

a constituent, of two thermonuclear bombs, an aerosol of plutonium and 

uranium was created which caused the contamination of a iolal area of 

approximately 226 hectares, of which 2.2 hectares had en alia conlami- 

nition of more than 700,000 d.p.ta/lOO cm , being the areas closest 

to the points of impact of the two bombs, which were 2,PCC m, apart 

in a line drawn through the air.

An area of approximately 17 hectares showed contamination between
. 2

700,000 and 70,000 d.p.m/100 cm , and the rest, some 207 hectares,
2showed contaminations of less than 70,000 d.p.m/100 cm , rather more

2
than half of theee being less than 7,000 d.p.m/100 cpn .

. A great proportion of the houees of the town w re either well nul oj 

the contaminated area, or in the parts where contamination levels were
. •. r>'.

lowest. The number of persons who were ir the town al the of

the accident was approximately 1,000 - 1.2D0.
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In another communication presented to this Symposium, it has been ex

plained how the limits of the said zones were fixed, the decontamination 

operations carried out, and steps taken with people and vegetation at a 

time soon after the accident. Here we are going to deal with, although 

in a somewhat summarised form, the work plan devised for the vigilan

ce of the people and the area, and the deduction of the consequences 

which might, in the future, result from such an accident and the measu

res which were taken.

Our greatest worry, as is logical, was to determine whether or not 

there was internal contamination by plutonium-239 of the persons present 

in the area during the moments following the accident, what possibilities 

there were of contamination during the period of time when the operations 

of limit-fixing and decontamination were being carried out, and whether 

there was any risk from the measures which it had been decided would

be taken in the areas where contamination levels were lower than 700,000

d.p.m./lOO cm .
1 ^ ‘

This risk might be derived from: 5-

a) inhalation of plutonium if, as a consequence of the tilling of the land,

and the winds which eve present, an aerosol, contaminated with the

said element, i$ c< cated, which reach a definite diffusion.

b) contamination as a consequence of tilling operations on ground where 

a certain quantity of plutouium-239 was left.

c) contamination by contact with or ingestion of vegetable products which 

are cultivated in the area, in the case of these showing external contami

nation .

d) contamination of vegetable products used as foodstuffs in the case of 

their producing, during their growth, an absorption of plutonium-239 or 

uranium-235 .

pOB arcW'
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We make the reservation that there ie no risk of contamination through 

drinking water, since the water existing in the said area has such a 

high concentration of salts that it is completely undrinkable, and the drin

king water which the public consumes is brought from a distance of 50 

kilometres.

As a consequence of these considerations, we summarise below the 

deductions obtained during the first year of work in connection with the 

contamination of persons, ground,air and. vegetation.

CONTAMINATION IN PERSONS

The study of the determination of possible internal contamination of the 

people of Palomares, both in the case of those who went there afterwards, 

and especially those who walked through contaminated areas during the 

first moments, was planned under the following two aspects:

1) Determination of the Plutonium-239 excreted in urine, in orden to de

termine the fraction which could have passed the pulmonary and lympha

tic limit.

2) Determination of the quantity of plutonium-239 present in the lungs.

To obtain this information, after the analysis of plutonium-239 and total 

alfa activity in urine had been carried out soon after the accident, on the 

persons who at that time were considered those most likely to have been 

internally contaminated, a selection was made from the people of Paloma

res, with respect to the following considerations:

1) Situation nearest to the points of impact of the fractional bombs, and

the areas of greatest contamination at the moment when the accident occu

rred, therefore with the greatest possibilities of inhaling the aerosol crea
ted in the conventional explosions. DOE ARCHIVES

2) Stay in zones of highest contamination during the day of the accident 

and the following day.

31
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3.) Residence, ai the lime of the accident and the days following it, in 

houses and areas of the town vifjere a higher contamination had been 

found, within the lower limits where contamination was produced in the 

town, as may be seen from the plan of the contaminated area,

4) Situation during the accident and following it, in houses and areas of 

the town where contamination was nil, so that they could serve as controls, 

and at the same time we could find out with certainty whether a mistake 

had been made in not considering evacuation of the people of that area as 

necessary in the operations of contamination limit fixing and decontamination.

Talcing the above factors into account, a total number of 100 persons were 

selected, of which 49 were males over 14 years of age, 32 were females 

over 14 years of age, 10 were males under 14 years, and 9 were fema

les under 14 years.

They were taken to Madrid for the said tests to be carried out in the la

boratories of the Divisidn de Medicina y Proteccidn de la Junta de Energfa 

Nuclear. They first underwent a complete medical examination, in order 

to find out their state of health and take it into account in the study and 

subsequent epidemiological control.

In order to determine the concentration of pluloniuxn-239 excreted in urine, 

three complete 24-hour samples of urine were taken from each one of the 

said persons, on three consecutive days. These samples were submitted 

to a chemical treatment in order to determine the content of the said ele

ment, by alfa spectrometry, on the final elecirodeposit following a separa

tion by ion exchange resins. ______1 DOE ARCHIVES

The result of this analysis showed that in 71 per cent of cases there was 

no indication of the existence of plutonium-239, 18 per cent showed, in so

me analyses, contents of less than 0.1 disintegrations per minute in the 

urine of 24 hours, 9 per cent showed contents of between 0.2 and 0.1

t.. ■



disintegrations per minute over 24 hours, and finally. 2 per cent showed 

s content of between 0.2 and 1 d.p.m. In the urine of 24 hours.

Bearing in mind what these values represent on the alfa spectrum corres

ponding to the 1000-nunute measurements taken, we have taken a delibe

rately pessimistic view, although in almost all cases they could be consi

dered negative.

In order to determine the pulmonary content of plutonium-239, measure

ments were taken on all Ihe previounly-mentioncd persons, with propor

tional pulmonary counters, considering the region between 10 KeV-28 

KeV, where the XL, rays of uranium are found of 13.tj, 17.4 and 20.2 

KeV in an abundance of 4% per disintegration. These counters consist of 

two gas flow proportional chambers, with a capacity of 14 litres and a 

sensitive'tli-etection surface of 17.4 x 30.1 cm each, whch work with a 

mixture of argon (90%) and methane (10%) and which have been designed 

in the "Los Alamos National Laboralory""by Mr.P. Dean. The calibra

tion of the said chambers was effected with a point source of plutonium- 

'239, and two sheets of mety! metacrylate 2.54 cm thick to simulate the 
tissues of the thorax. r“ &

Taking into account the background of the chambers, the counting time

and their efficiency, iy was found that the minimum detectable value of 
y —9

pfbtonium-239 was-^O x 10 Ci. In the test made under these conditions, 

all the values obtained were on the order of background, which indicates 

that the amount of plutonium-239 which might be found in the lungs, if any, 

would be less than 40 nanocuries, a value which is quite encouraging, as 

the maximum permissible pulmonary burden is 16 nanocuries, ^_
Jt>OE ARCHIVES

A certain modification was made in the chambers which permitted the lo-

Ci. The measurements

Ut

J



case did the values obtained exceed this figure. 

CONTAMINATION OF THE GROUND

As has already been mentioned, ihe contamination of the ground surface 

was not homogeneous. In order to determine the degree of distribution, 

and what this distribution was on ihe surface, as well as its depth, after 

the operations of decontamination, and those planned to eliminate surface 

contamination in areas required, a study has been planned in order to 

find out which these are. We hope that it will permit us, as years go by, 

to discover the dynamics of plutonium-239 in cultivated land, both as re

gards its dinamics parameters, and those introduced by tilling and culti

vation methods.

2For this purpose, six areas have been chosen of 50 m each, two from 

each of the 3 zones into which the total contaminated area was divided, 

corresponding to the two areas where the bombs fell and broke into frag

ments, and the intermediate zone where the town is situated. These areas 

were chosen in places which had remained most contaminated after the

.removal of a layer of earth on the areas which had contaminations higher
2than .700,000 d.p.m./lOO cm . Those in zones 2 and 3 comprise areas

where total alfa contaminations were found to be between 700,000 d.p.m./
2

100 cm ; area 2-1 belongs to a part where the upper layer of earth was

also removed during decontamination operations. The areas in zone 5 sho-
2wed contaminations of the order of 70,000 - 7,000 d.p.m./lOO cm .

In order to find the average background of total alfa activity on the ground 

of the zone, two similar areas have been chosen, with similar geological 

characteristics end situated at 1,000 m. and 7,000 respectively from the 

zero line of the contaminated zone.
DOE ARCHIVES

In each of the areas, and in accordance with its diagonals, during the 

first year, .1966, nine samples were taken which were divided into frag

ments, corresponding to depths of 0-5, 5-15, 15-25,25-35 and 35-45 cm.
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Of the homogenised samples corresponding to each fragment, two fractions 

of 0.50 gm. were taken, which were submitted to chemical treatment and 

alfa counting, in order to determine the total alfa activity.

At present we are continuing to do this, and in successive years samples 

will continue to be taken at points in the same areas and following a pre

planned distribution order in order to obtain complete knowledge of the dy

namics of the contamination, os well as to deduce the contamination factors 

of the vegetable products which are cultivated in them. In 1967 the number 

of samples taken was higher, with a factor of two, than that of the pre

vious year.

With these Iasi samples, ihe tests have been not only to measure the total 

alfa activity, and consecuently, through its relationship with the values ob

tained in the background sampling places, and the high specific activity of 

plutonium-239, deduce what amount is due to the said plutonium-239. 

Besides radiochemical separations are being carried out for each of the 

contaminating radionuclids .

The alfa activity of the soil in the region of Palomares (Almeria) is one 

of the highest in Spain, as has been shown in the comparison of results 

obtained from the background areas, situated far enough away to be cer

tain that they were not contaminated, and those from other provinces and 

types of soil, as may be seen from Table I.

In order to give you an idea of the results we ere obtaining, in Table II 

may be seen the average values of alfa activity from the samples taken in 

1966 from each one of the zones, and in relation to depth.

Prom these values it may easily be deduced

1) In zone 2-1, where a 5 cm layer of soil 

contamination is nil. .

2) As a result of ploughing and breaking up 

of contaminating elements have been obtained

that:

was removed, the remaining

pOE ARCHIVES 

of Ihe ground, a distribution 

to a depth of 30 cm. Genera-

<+1
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lly highest conlam'mai.ion levels are found in layers between 15 and 25 cm 

down.

3) The maximum average value of alfa aoUvily found in the arees studied 

is approximately 50 times higher than (he minimum value of natuial alfa ac

tivity found in the background soil of Ihe zone, which in turn is i.wo times 

higher than the minimums found in the areas studied.

The unhomogeneous disliibution of the contaminating particles, even after 

the ploughing operations carried out in order to dilute the radioactive ele

ments, plutonium and uranium, on a layer 30-35 cm deep, is perfectly 

clear from the values obtained, as might logically have been expected. Even 

results frcm different samples from the same point and fragment, after the 

greatest homogenisation possible in the laboratory, show quite a considera

ble dispersion, as may be seen from Table III. On this table may be 

.seen the values from all the analyses corresponding to each one of the frac

tions of ground which gave the highest alfa activity values, in area 2-2, one 

of those of greatest contamination.

CCNTAMI TAT ION OF THE AIR
POE ARCHIVES

A network of aerosoles sampling has been set up in order to discover 

' /hat possibilities there might be of internal contamination of the people who 

live in the zone and cultivate the fields, as an isolated or related consequen

ce of the ploughing operations on the ground and the climatological characte-

. J
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s oJ th" kchi'-' , espefrialK Lln !-e vtl£.lod l>i the l<'w i aiulaU and picvai- 

;jniC ■windis .

This ntlwi'n k i:oi>**!.-«s ol luu:- sair.plina stancniR. and rwo lor the stud'' 

of i.he speed a.tl diiection ol the -winds.. The samples stations are situa

ted in the places marked on Ihe figuie S-l, S-2. P and 3-1, which res

pectively correspond to the zones where the two fia^menled bombs fell, 

and one point at the mi nan i t-nire of Pajoma t es. Those lor rncasniing the 

n.iaractt risliv-s ot tlie winds ate situated at S-l and P. In each one ol

these stations, at a height of 1 .70 ir.. eot.lmuous 24-hour sample?: ate la -
3

ien, with a volume of appi oxnnnlely 95 m , every day of the year, on 

m-rmbrane filler paper. The samples are prepared for sending to the labo

ratories of I.he jVTodtc im- and Protection Division of JEN, where tn princi

ple, a minimum of one week after Ihey are taken, a count is made of ihe 

total alfa activity duo to radioactive elements with a long half l-fe.

In Table IV, the average monthly values are shown for all the samples 

taken, during the first year of opeia ion of the said network, at each one 

of the- sampling sialioiis . From the observation of the same, boa ting in mind 

that the maximum permissible concentration in the air, foi the public in gene

ral, of any mixture of alfa, beta and gamma emitting radionuclides is 
4 x 10 mic rocuries/c tr. , and for plulomum-239 itself is t> x 10 ^^mievo-

curtes/cm . it may he de-dn .ed:

1 . The average monthly values of airborne alfa activity In the area of Pa

lomares has always been maintained belowr the V.P.C. Except on one oc

casion, in the month of August, the said average values have not exceeded
POE ARCHIVES

one tenth of the M.P.C.

2. The maximum values of alfa activity have exceeded the M.P.C, on only 

ebven occasions, never, however, reaching values higher than a factor of 

10 o ve r the M.P.C.

L

V-A
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3. On Ihe days when maximum values were found, the winds in the area 

had speeds of between 12 and 22 km/hr.

4. The average values of alfa activity in the district of Palomares, are 

comparable with those corresponding to the district of Madrid, where also, 

on occasions, the maximum values found have been slightly over the M.P.C.

At present, because of the results obtained from the alfa count with the gas 

flow proportional counter, a radiochemical determination of plutonium in sam

ples of air is now being carried out. For this the samples were kept, and 

at present are chemically treated in groups of ten days corresponding to 

each one of the stations. After their extraction with ion exchange resins and 

electro-deposition, they are measured by alfa spectrometry. In order to 

compare these results with those of the present background of plutonium from 

the contamination of the atmosphere with the said element, a sampling station 

was established In Madrid similar to those in Palomares.

CONTAMINATION OF THE VEGETATION,

The work carried out with vegetables has tended to determine the possibi

lities of their external contamination, as a consequence of their cultivation in 

contaminated and surrounding areas, and to the study of the plants' absorp

tion capacity, and its settling on fruits and seeds.

For the purpose, in each one of the areas previously mentioned, and in the 

places where the soil samples are taken, samples have been taken of the 

existing crops. During the first year following the accident, not all the areas 

were cultivated, and for this reason it was not possible to take samples from 

areas 2-2 and 5-1. In area 2-1, and given that it was part of an uncultiva-
K>0E ARCHIl

led plot, of which the upper layer of soil had been carefully removed, making 

•sure not to destroy the existing vegetation, the tomato plant samples given in 

Table V in its corresponding section were taken from nearby strips of cul

tivated land where the upper layer of soil had not been removed.
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In Table V are given, classified by areas, ihe average values of total 

alfa activity corresponding to the various vegetables collected, establis

hing, in some cases, a distinction between washed and unwashed vege

tables, in order to be able to determine the external contamination which 

is easily separable from the permanent or internally absorbed contamina

tion. Krom these values, the following deductions can be made:

1. Maize cultivated in a contaminated area gives a value of alfa activity 

superior to that which grew in the blank area, with a factor of two for 

the plant and three for- the seed.

2. The tomato plant cultivated on contaminated soil shows a separable and 

fixed alfa contamination higher than that growing on blank soil. As for the 

tomatoes, the edible pari, no difference has been found. It is logical to 

suppose that the findings from the plant are of an external type, and found 

difficult to separate by washing, due to the leafiness of the plant.

3. B.oth bean plants and the beans fruit show a certain amount of external 

contamination, proportional to the contamination of the area under cultiva

tion, The edible part of the .beans, the seeds, however, do not show the 

least indication of such contamination, since in the two areas their alfa ac

tivity values are less than 6 d.p.m/kg of wel weight.

4. In the only area where alfalfa is cultivated, its alfa activity was only 

very slightly increased.

5. The greatest degree of contamination found was in wild plants (aspa

ragus, esparto grass and other graminaceous plants), which may possi

bly have existed at the moment of the accident.

DOE ARCHIVES

<+1
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TABLE 1 .GROSS ALPHA ACTIVITY OF SEVERAL TYPES OF SOIL IN SPAIN

PROVINCE TYPE OF SOIL GROSS ALPHA ACTIVITY 
d.p.myg.

PALOMARES (Almeria). 2 - 3B.Gypsum Burlap 20.fi ± 1.3
5 - 3 B. Gypsum Burlap 19.6 ± n.fi

OVIEDO Calcarenite 11,1 t 1,7

MADRID Ar Loses 12,6 t 2,0

MURCIA Marl 10,fi t 2,2

BADAJOZ Sandstones ".6 - 0,7

CORUNA Granites I7.1 1 2,2

TENERIFE Volcanic rocks 18,5 1 1,2

TABLE II : GROSS ALPHA ACTIVITY IN SOME AREAS OF PALOMARES

AREA
GROSS ALPHA ACTIVITY d.p.m./g. d.p.m./g. dry soil

0-5cm 5-15 15-25cir, 25-35cn 35-45cn. TOTAL MEAN

2-3 B 24,5±2,fi 21,ei3,2 22,3i1,8 18,7±2,R 16,gi 1,3 20,fif 1,3

5-3 B 20,oil,2 19,gii,3 20,lil,5 cn

-JOC
M 17,3-1,5 ly.6i 0,6

2-1 11,si2,2 9,oii,1 ic.eii.s 11,?i 1,6 9,eii, 0 t«10,4i o,5

to 1 to 472il90 37ei296 85li827 10,4il,3 i
9,1-0,9 gi44 ii?e

5-1 48,6^35^ 26,2^1^8 90, li72,4 12,3^1,6 11,8-1, 1 « 3fi,2i 14,6

5-2 13,7i4,9 12,fiil,5 11,sii,4 16,sio,5 13,&i2,1 g 1 3 , oi 0,8

3-1 24,ei2,4 30,6-6,4 13,0-1,7 14,3-3,1 11,8-1,8 18,9l 3,7

3-2 215 il03 182 ilOO 1095i738 415 ifi92 16,si?,6 385 fipp

BEST COPT AVWLAB1S



TABLE III .GROSS ALPHA ACTIVITY IN SOILS OF AREA 2-2.

AREA PLACE DEPTH D.P.M./gr. MEAN

2-2 1 0-0 081,4 34,8 150, 1 8,0 77 ,3 0,0 150,0-106,0

M 1 5-1 ft 11,7 04.3 7* t * 7, .S 14,3 t^. 0 23,pi 14,2

- 2 o-fi 3 400, 1 348,2 5 (if’ . *‘1 4 7ft ! 04,5 507, 0
4-

800,1-504,0

3 O-ft 1258,4 118,3 88,3 1 .008,3 Oft, 0 043,3 035,0^270,4

M 3 ft-1ft 178,!) 15,7 1.10 0, 0 11,4 332, 0 235,8 328,ftfl8l,0

■1 4 ft-1ft 231,2 275,0 200,0 3.80 7,3 7 7 (i, 4 1 34,0 020,4Z002,7

tj O-ft 010, 4 08 7, 7 11,2 58,0 23,0 20,2
<

232.011 33, 1

•# 7 O-ft 43ft, 2 107, 1 315,8 308 , 1 8 75, 0 30,0 3 00.3^110,0

7 ft-1ft 127,4 02,7 1ft, 8 1 0,4 1 (i. () 03,4 55,4i 10.4

i K ft-1ft 23,3 20,0 ft . 8 23,3 21,7 35.5 1 8.1i 5.0

V
O O-ft 1 02,0 413,7 1ft C 3 . ft 204,0 042.4 4 /)4 1,0

»
1.231.5-021.5

11 1 W
% ti ft - Ift 5308.0 1.(5 0 . ( i.001,4 124.5 4 - 7 . 4 l.21 1.81850,5

f
BEST COPY AVAILABLE



TABLE IV :GROSS ALPHA ACTIVITY IN AIRBORNE PARTICULATES

Mes
SAMPLING STATION, microcuries xltf'Vcm?

MADRID Station 2-1. Station 2-2. Station P.( in the town.) Station 3-2.
Max * Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean

June < O, 7 0,1 1,8 <0,7 0,8 4.3 <0.7 1,0 j , 3 <0,7 M 1.0 <0.7 <0,7

July 1 60 <0,7 8,5 20 <0,7 2,7 7,8 <0,7 3,0 9.8 <0.7 2, ti 10,0 <0,7 2.4

August 7,S <0,7 2,7 7,2 <0,7 2,7 1 40 <0,7 8,0 250 <0,7 10,1 8.2 <0,7 2,4

September 7,0 <0,7 3,8. 8,0 <0, 7 2,9 44 <0, 7 3,0 9,5 <0,7 2,0 4 3,0 <0,7 4,7

October 31,0 <0,7 3,5 13,0 <0, 7 2,5 71 <0,7 4.3 5,5 <0, 7 2, 1 3,7 <0,7 1,4

November 23,0 1,0 5,2 3,0 <0,7 1 , 5 8,8 <('.7 2,2 IS, 1 <0, 7 2,1 4,9 <0,7 1.1

December 0,8 <0,7 1.2 9,5 <0,7 2,0 14,0 <0,7 2,3 1.3 <0,7 1 , o 9, 7 <0,7 2,0

January 1 U, fi <0,7 7,7 22,0 <0. 7 2,3 51,5 <0, 7 3,4 9,8 <0,7 1 , 5 9,2 <0,7 1 , 7

February 7,7 <0,7 2,3 48,0 <0,7 4,4 24,7 <0. 7 3,4 • ‘. 1 <0,7 2 2 , * <0,7 3, (i

March *,5 <0,7 2,3 *> ^ <0,7 1,2 11,0 <0,7 3,3 -1.7 <0.7 1,2 3,9 <0,7 1,2

April 8.2 1 , o 2,0 (i, H <0,7 2,1 273 <0,7 3,7 3,4 <0.7 1 , ti 3,8. <0,7 1 , 4

May 0, <1 1,0 3,0 4, y <0,7 1 10,5 < 0,5 2. b ti, G <0,7 1,3 4,0 <0,7 1,5

& best copy available
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TABLE V: GROSS ALPHA ACTIVITY IN THE VEGETATION

VEGETATION
AREA

5-3(b) 2-1 5-2 3-1 3-2

Corn (Plant) 
d.p.m./kg. wet

washed

no washed 1 jn- 130 4f>4z 200 033- 47.i

Corn (Seed ) 
d.p.m./kg.dry r>!i li!l- 11

•
1 H f, I 1:7

Tomato ( Plant) 
d.p.m./kg. wet

washed 32'! t 7f> 1
r14 V 'J Z 7 3 M > !K>-

no washed 4071 JOO |733J<- ."iHl? io4oi uau

Tomato (Fruit)
d.p.m./kg. wet

washed lof 3,4 25^ 12
1 d 10 , ‘"i

no washed 2 of r> 27- 3.0 id ,3

Bean (Plant)

d.p.m./kg.wet

washed 2/0i 57 liOll- 177

no washed \n •- s i Oli 13 1

Bean(Fruit)
d.p.m./kg.wet

| i ,5 :' j 2^3- If.w

Alfalfa (Plant)
d.p.m./kg.wet

washed

no washed lOffl

Wild Plants

d.p.m./kg.wet

washed l -'ii 2:ui Tin

no washed ti/r.i :-si;ii 23li 373 z 1 | 3 . OOI
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