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ABSTRACT 

' Genma scintillation spectraneter measurements in samples of milk, herbage and 
soil from the Windscale area are described. The geographical distribution of 
aotivity is studied, and the relative activities, of 1131, Cs137 and Sr&) are di80U8sed. 
A correlation between 1131 in herbage and milk is recorded, and an estimate of the 
total depositicm of 1131 on herbage is made. 
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1. Introduction 

An accident in Wind.scale Pile No. 1, on October 10th, 1957, caused a 
release of activity from the pile stack.- This activity was predominsntly vola
tile fissio n products, especially 1131, and radioac tivity was found to be 
deposited on the surrounding countryside. Soil, herbage, water and food for 
human consumption from this area were sampled and tested for radioactivity at 
Wind.scale, Harwell and Woolwich. 

This paper describes in detail the methods used for anaJ.ysis by ganrna 
spectroscopy of samples fran Wind.scale, in one laboratory at Har,rell , and the 
results obtained. In addition results frcm other laboratories both at Harwell 
and Vlindsco.J.e nave been used to build up as complete a picture a.a possible of 
the distribu'tion of fall-out activity. These results were made available to 
the author by Templeton (1958) at Wind.scale and by Clare and Humph.Ii.ea (1958) 
ani Bryant et al (19.58) at A.E.R.E. . 

In the first few days after the incident 11~1 activity in the samples 
was predominant t o such an extent as to mask other activities . By retaining 
samples until the 1131 had decayed the· presence of other nu.elides could be 
demonstrated. Cs137, Ru103and 106, a.roZr95 with their daughter products 
were found in herbage and soil, and Cs137 also appeare d in milk. 

2. Methods 

Measurement of gamma activity in samples observed at Harwell wore made 
using gamma scintillation spectrcmetera. Several different irurtroo1ents were 
used in the measurements: a five-channel pulse amplitude analyser with a 
3" x 3" diameter crystal of thallium activated sodium iodide; a one-hundred 

1¾11channel analyser with a 3" x diameter crystal; another one-hundred channel 
analyser with a 2" x 4-"diameter crystal. 

2.1 Milk 

311At the time of the accident the f iv e-channel analyser and 3'1 x crystal 
were already set up for the study of Cst37 act ivity in dr ied milk (Book~r 1957). 
It was very quickly adapted for measurement of 1131 in li<iuid milk , and the 
first results were obtained within a few hours of the receip~ of samples on 
th e morning of October 12th. 

In milk the only gamma-r~ .y emitting cont::imin.ants which were observed were 
Iodine isotopes and Cs137. 1131 is characterised by its 0 .3 64- Mev gamma-ray 
(8~ of disintegrations) in conjunction with gamrnn.-rays of o.080 Mev (2.~)( 
0.284 Mev (5:,J&), o.637Mev (9%) and 0.722 Mev Oft). (strominger et al 1958J. 
Cs1,37 emits a 0.662 Mev gamma ray in 9~ of disintegrations and a.bout 1~ of 
these are internally converted . (Strominger et al 1958). One early sample 
of milk was observed to give a 0 .53 Mev gamma-ray which was attributed to 
!133 (21 hr half-life), but its intensity was very small compared with the 
0.637 Mev gamma-ray, fran 1131. Because of the 9/obranching of I131 to give 
the o.637 Mev gamma-ray, the o.662 Mev gamma-ray fran Cs137 in milk was 
swamped until about a month after the accident when the I1J1 level in milk 
had fo.11.en by a factor or about fifty from its ini.tial activity . 

https://fo.11.en
https://Humph.Ii.ea


The I131 in milk was estimated by placing pint bottles of milk on the 
crystal . The five-channel analyser was adjusted so that the four lowest 
channels straddle d the 0,364 Mev I131 peak ~hich was of such intensity that 
it swamped counts from either Cs137 or naturally occurring K40 in milk, The 
counting rate from t;ie sum of the four channels was compared with the rate 
obtained from a standard solution of 1131 (Figure 1) . The standard was made 
by dilution from a solution calibrated by N.P . L. It was found necessary to 
add several hundred milligrams of iodine carrier to the pint of the diluted 
sol ution to geth er with some caustic soda in order to prevent iodine deposi
ting on the glass surface of the bottle . All results quoted are in true . 
source strength and not gamma source strength. Where nuc],ides have daughter 
products, the results are in tenns of the activity of the parent nuclide, 

2.2 Herbage 

Herbage s8!llples were measured for I131 c ontent on the same crystal and 
analyser. Herbage, which had been cut fron a known area, was weighed. , 
thoroughly mixed, and a weighed portion (of a'l).out 100 g) put in sixteen ounce 
polyethylene jars. The geometry for counting was fixed, but the weight 
varied from sample to sample and fell as the harbage dried out • The density 
was low enough that any self absorption was very small. A comparison oi' 
counting rates was made using standards of the same vo1wne containing venni
culite and a known volume of calibrated 1131 solution. Although the polythene 
jars were not made air tight, repeated analysis of samples showed no evidence 
of loss of iodine by volatilization. Previous experci.ence ~lith surfaces 
contaminated with carrier-free iodine had shown that adsorption is very strong . 
In this case there was a possibility that the iodine was absorbed into·the 
herbage tissue. 

Other gamma-ray emitting nuclides occ~ :in the herbage, although in 
almost all s~~ples the iodine gan:ma-ray predominated, The ratios of the 
counting rates in the four channels of the five-channel analyser looking at 
the 0, .364-Mev peak of 1131 in grass, were compared with the ratios from a 
standard I13~ source, The constancy of these ratios in all but a few samples 
indicated that no other .germna-ray was giving an appreciable counting rate at 
this energy. Results for 11.31 in herbage on an arc from Pembroke to Norfolk 
were obtained by Clare and Humphries (1958) using a 100 channel analyser, 
which allowed an estimate of the contribution to the counting rate which WB.!3 
due to nuclides other than I1J1 . 

As the I131 activity in the samples from the Wind.scale area decayed other 
grunma-ray enitting nu.elid es could be estimated using a one -hundred-channel 
analyser. The efficiency of the gam.~a spectrome~er was found using 1131 (J64, Kev 
and 637 Kev), and Ba140 - La140 (335 Kev, 820 Kev and 1580 Kev) mixed with 
venniculite , 

2,.3 Soil 

Soil samples were obtained from cores of known depth and area . The 
samples were dried by exposure to alr at room te mperature and weighed, crushed 
and well mixed . A wei gh ed g_uanti ty of soil was put in polythene bottles of 
sixteen ounce capacity. The samples were estimated for 1131 on the five 
chann0l analyser when the acti vities were high, and by D. Humphries on a 
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hundred- channel analyser for the low activities. A sample curve obtained fro1I1 
soil containing high 1131 content is given in Figure 2, where the interference 
from other fission p:r.oduct gamma-rays and natural activities is small. Also 
illustrated is part of the spe ctrum from the same sa~ple of soil measured sii 
months later on a hundred-channel analyser, when the Cs137 content was being 
estimated . The interference due to the Zr95 - Nb95 gamma-rays at a.bout 750 
Kev ani I131 gamna-ray at ,637 Kev has decreased by decay. Using the known 
resolution of the instrument, an allow.µi.ce has been made for the residual 
Zr95 - Nb95 activity and for the 606 Kev gamma-ray fran It.90 occurring naturally 
1n· soil. The contribution to the counting r ate in the Cs137 peak due to Campton -
recoils fro m hi eh ei1 <:r 8Y g am1:ia rays is aJ.20 estimated. On soil sam}:"les ,.here 
the interferin g o.ctivities are small CQ'llpare d with the Cs137 activity, esti
mates of the Cs157 in soil are quite acc urate; but estimates of Cs137 in 
soil far frcxn ·:,ind.scale are only approximate. 

Results 

A map of the district near Wind.scale- is reproduced in Figure J giving 
the topo graphy of the district. 

3.1 Activity in milk 

3. 1.1 1131 in milk 

The 1131 activity in samples of milk ~easured in Harwell varied from 
less than 0.3 lllJC/1 (from North Cumbe+land, South-West England, am 
East Anglia) to well over 1000 mµc/1 for a few sa.nples fran points close 
to Winiscale. 

A daily series of samples was obtained and analysed at Wirxlscale to 
study the change in l 131 activity ~ milk with ·time . Al though the 
dissemination of 1131 from the pile reached a pea.le in the early hours of 
October 11th, and ceased by about noon on that day, the activity did not 
appear in the milk of the local cows until the afternoon of the 11th; . 
The maxi.mum activity in milk was reached on the afternoon of the 12th or 
the morning of October 13th as shown in Table l . 

- 3 -
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TABLE I. 

Change of 1 1,31 activity in milk with tim e 

Time of milk i ng Sellafie l d 
µc/ 1 

Seascale 
µc/ 1 

11/ 10/57 am 
pm 

0, 003 
0.4-7 

-
0.4 

( 

12/10/57 am 
pm 

0.48 
1.32 

0.85 
o.6 

13/10/5 7 em 
pm 

0. 39 
1.1 2 

0. 94-
0. 63 

14,/10/57 am 
pm 

0.54 
0. 72 

0. 51 
o. 67 

Afte r 11/ 10/57the aotivity of milk fell off with time as 
shown in Tabl e II . 

TABLEII. 

Apparent half-li fe of ·I131 in mil~ 

Location Appare nt hal f-l i f e Period followed 

Seascale 

Sellafield 

Corney 

day s 

4. 7 

4. 7 

5.5 

Oct. 

Oct. 

Oct . 

days 

14 - Nov. 

14 - Nov. 

14 - Nov. 

12 

11 

14 

A graph of the fall of 1131 in Seascale milk as a function 
of time is given·in Fi~ 4 . 

- 4 - . 



The average value (5 . 0 days) for the apparent half-life is llUCh 
shorter than the radioactive half-life of eight days. The difference 
may be due to the f'ollowing reasons, but other explanations are 
possible. 

(a) The 1131 perui.t weight of herbage was probably being reduced by 
biological processes and weathering. 

(b) The cows fran the time of the accident onwards were getting an 
increEU:1ing amount of concentrated food and would be grazing progressively 
less grass . 

Using the recorded results produced by Wind.scale of all I131 in milk 
measurements made at Harwell and Wind.scale, the 11,31 concentrations in 
milk samples collected between October 1,3tb and 19th have been tabulated. 
and worked back to October 11th using a five -da,y half-life. In doing so 
the initial delay before the appearance of the 1131 in milk has been 
ignored. The tabulated results have_:been plotted on maps of the area 
(Figures 5 and 6) and contours~ drawn of the level of 1131 activity 
in milk around Wind.scale and in North Lancashire. Many of the spot 
values of I131 in milk are the average valu ea c£ detenninations made on 
milk collected on different days during the period October 13th to 
October 19th. A similar tabulation of results for October 20th - 25th 
worked be.ck to October 11th using a five..:dey half-life shows very similar 
features am supports the five-day half-life. Inspection of the contours 
in Figures 5 end 6 shows that scxne activity was blown ten or twenty mil.ea 
in a north - easterly direction from Wind.scale, and then swept down in a 
southerly or south-easterly direction. As shown in Figure 6 some of the: 
activ~ty was carried across north-east Lancashire and into Yorkshire, but 
in general most of the cloud passed down the Midlands west of the Pennines. 
This picture of the fall-out distribution agre es with what migbt be 
expected from the meteorological conditions and with observations on air 
filters frcxn different parts of England · ( Chamberlain and Dunster 1958, 
and Stewart and Crooks 1958). 

,3.1. 2 Cs137 in milk 

In the i'irst two weeks after the accident large numbers of milk 
samples were c~ted , and were discarded after measurement of I1,31. A 
Seascale saJnple of 28th October was preserved, and when the 1131 had 
decayed to a low enough level to enable the 0.662 Mev peak from Cs137 to 
be measure d, the Cs137 content was found to be 16 mµc/l. In the period 
November 8th - 11th a more extensive series of milk samples was taken for 
Cs137 analysis. For this aeries, the pattern of distribution of Cs137 
in milk, shown in Figure 7, was very similar to the I131 in milk pattern. 
A marimum of Cs137 activity of 15 mµc/1 was founi at Corney which is on 
rising ground in the direction of the .plume and 15 Km from the factory. 
High levels of Cs137 in milk were found in a north -e asterly and south
easterly directions , but levels in milk were much lower in other directions. 
Milk from the fann at Seascalf.. previously sampled was included in the 
series and showed 11. 5 mµc/1 a decline of only 30}&in the eleven day 
period since October 28th . 

- 5 -



Continuation of the measurement of Cs137 in dried milk, which baa 
been studied for the past two years (Booker 1957), has shown that the 
level of Cs137 in dried milk increased temporarily after the accident 
at all sampling stations south of Wind.scale but not at Corliale or 
Mauchline which are north of the factory. 

TABLE III 

Cs137 in dried milk 

Cs137 activity in µµc/gm Potassium 

After 11/10/57 DifferenceBefore 
Location ' Due to11/10/57 

Date Accidentµµ c/g. µµc/g. 

10040G-arsta.ng 1/11/57 140 

25Carmarthen 80 1055/11/57 

25Buckingham 9/11/57 5530 

25Driffield 27/10/57 5530 

15Frome 15/11/57 5540 

-40Carlisle 1/11/5740 

-Ma.uchline 6/11/57 4550 
(Scotland.) I 

Results are quoted in tenus of µµc Cs137 per gram of potassium. The 
concentration of potassium in liquid milk is about o.2%by weight so 
that the concentration of Cs137 due to the incident in li<F,rld milk 
from Garstang and Buckingham for example would be approrlmately o.2 
mµc/1 and 0.05 mJ.IJ/1 respectively. These resu l ts are in reasonable 
relation to the Cs137 levels in Cumberland milk at about the same date 
( See para. 4-.3). The high level in the Carmarthen milk is not explainedo 
It is possi ble that some of the Cs137 may be due to high fell-out fran 
bomb tests in Nevada during October. However no extra Cs137 appears 
north of Wind.scale. The excess Cs137 disappeared rapidly from the 
dried milk after November, and this was no doubt associated with the 
change in f eeding of the cows from pas ture to stored food. 

3.2 Activity in herbage 

3,2.1 I131 in herb age 

Herbage samples were collected from many different points in the 

- 6 -

https://G-arsta.ng


art9.near Windscale and from various a.res up to two hundred miles from 
the stack. One particular field in Seascale, which was not being grazed, 
was selected for regular sampling in order to follow the "decay'' of acti 
vity in herbage. The apparent half-life of 1131 activity in herbage t>er 
unit area of ground was found to be approximately five days (Figure BJ in 
very close, although perhaps fortuitous, agreement with the apparent half
life in milk from the same fann (Figure 4). '!'he details of the results 
are given in Table IX. It will be noticed that the weight of herbage 
cut fran unit area decreased vdth a somewhat similar period ( except for 
the first sample). This may be due to the fact that at this time of year 
the herbage is gradually dying back , but many other explanations can be 
brought forward.. The obs erved figure of five days has been used for 
working back to the day of release of activity, the 1131 activity in 
herbage fran other areas. This procedure can be justified by:-

(a) Figures observed of total activity in herbage and soil at 
Seascale on October 28th (see para. 3.3) when worked back with 
the radio active half-life of 1131 give a total deposition of 
19 µc/m2 on October 11th a13 compared with an extrapolated 
figure of 17 µc/m2 using a five-day half-life on herbage only 
(Figure 8). 

(b) The figures for activity in herbage from the same area taken 
at different dates are consistent . 

(o) Results can be compared with a gamma dose-rate survey carried 
out in the district. Chamberlain ( 1958) gives a coITelation 
factor between the dose-rate as observed with a 1413A monitor 
on various dates, rurl total initial deposition of 1131.Table 
IV gives a comparison of sane results frcm the present herbage 
analyses and results using the con-elation factor. The average 
ratio of these two estimates is O.82 • . The wide spread of ratios 
in the last column of Table IV may be due to:-

(i) Survey measurements were not always done on the same· day 
as the herbage was sampled ani are not certain to be in 
exactly the same position as that from which the herbage 
was sampled. 

(ti) The 1413A monitor is sensitive to activity within a radius 
of at least thirty meters, while the herbage samples 
represent only a few square meters which would not necessarily 
give a figure equivalent to that from the surrounding area. 

- 7 -



~ IV 

Comparison of herbage activity with deposition 

calculated fran the g,ammadose-rate 

0, 

t 

Location 

ROF Drigg 
Drigg 
Raven.glass Jn. 
Seascale 
Swallowhurs t 
Bridge End 
Corney 
Vlasdale Head 
Bootle 
Duddon 
Whioham. 
Tarver 
Saltcoa.ts 

· Black Coombe 
Black Coanbe 
Black Coombe 
Stoneside Hill 

Map 
Reference 

061990 
052986 
090967 
04-7018 
102910 
12294-6 
115914 
187085 
110878 
198882 
133824 
285943 
079972 
132832 
136855 
14-3872 
147894-

Herbage activity.• 

Date of I131 µc/m2 
sample on 11/10/57 

18/10 12 ,.
13/10 13.3 · 
13/10 3.7 
13/10 17 
1}/10 7.5 
17/10 2.8 
17/10 5.7 
16/10 o.a 
18/10 3 • .5 
18/10 0.2 
18/10 2.1 
18/10 1.35 
~8/10 4.6 
21/10 5.1 
24/10 7.3 
24/10 15.6 

,
24/10 11.7 

Total deposited 
activity fran 
gamma sU?Yey. 

Date of I131 µc/m2 

survey on 11/10/57 

26/10 22.4-
13/10 9.9 
13/10 4-.8 
13/10 17 
14/1,0 4.6 
17/10 3.1 
24/10 10.3 
14/10 1.3 
26/10 4. 7 
14/10 2.1 
11/10 2.3 
29/10 1.6 
18/10 17.4-
24/10 4-.0 
24/10 12.5 
24/10 19.8 
24/10 9.2 

Ratio 

Herba ge µc/m2 

Total µc/m2 

0.5 
1.3 
o.e 

. 1.0 
1.6 
0.9 . 
o.6 
o.6 
0.7 
0.1 
0.9 
0.8 
0.3 
1.2 
o.6 
o.a 
1.3 

Kean 0.82 

• Worked back to 11th October using f.'ive-day half-life. 



Figures 9 and 10 give spot Yalues of !131 in herbage in milli micr o
curies per square metre of ground for samples collected between Octobe r 
13th and 28th worked back to October 11th ~sing a five - day half -lif e , It 
is possible to draw approximate contours of the levels of activity on 
herbage , and the shape of these contours is found to agree well with th ose 
obtained from the map of the activity of 1131 in milk. I n the r egion of 
the Lancashire - Yorkshire border , where there are no herbage measure ments, _ 
sane account of the !131 in milk contour is taken in drawing the herbage 
contour. The eastern parts of' the 10 and 100 millimicrocuries per square 
metre contours are conjectural. On the assumption that the fallout of 
Cs137 was proportional to tha t of !131, the level of Cs137 in milk frcm 
the collectin g centre at Driffield quoted above can be us ed to deduc e 
that the 1131 fall - out in the East Riding of Yorkshire was in th e range 
10 - 100 mµc/m2. It is knovm from results of air samples (Stewart ani 
Crooks 1958) and from gamma monitoring , that little activity re ached 
County Durham and the North Riding, but the levels in the West Riding 
were comparable with, but lower than those in Lancashire. 

3. 2 . 2 Other activities in herba.~e 

Aft er sufficient time had elapsed for the 1131 in herbage to decay 
to a negli gible level, the following gamma- emitting isotopes were 
identified. The energies and half-lives of the different nuclides a.I~ 

taken from Strominger et al ( 1958) . 

(1) Cerium Observed gamma ray 140 Kev 

Ce141 Half - life 33 days. Gamma ray energy 142 Kev 
Ce1l-14 Half-life 285 days . Gamma ray energy 134 Ke! 

The observ ed gruruna ray was predominantly Ce14-1 as confirmed by following 
the decay curve of one sample. 

(2) Ruthenium Observed gamma ray 500 K_ev 

Ru.103 Half-life 40 days . Gamma.ray energy 498 -Kev · 
Ru106➔Rh106 Half life of Ru.106 Gammaray energy ' of Rh106 

- 1 year 513 Kev 

The observed gamma-ray was predominantly Ru103 as confinned from the 
decay curve of one sample . The absence of a gamma- ray at 624 Kev which 
occurs in the spectrum of Rh106 at half the intensity of the ~13 Kev 
gamma- ray is further evide .. ce that the observed line is due predominantly 
to Rh103, although Cs1.37 peak at 662 Kev would partially mask the 624 Kev 
peak. 

(3) Caesium Observed ga'n.~a ray 660 Kev 

Cs137 Half-life 33 years Gammaray energy 662 Kev 

(4) Zirconium-Niobium , Observed gamma-ray . 750 Kev. 

Half-lif e 65 <in.ya. Gezmna.-ray energy 722 Kev 
ffo.lf-lif e 35 Jcys . Gamma-ray energy 765 Kev 
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In the results Zr95 activities are quoted, assuming that, at the 
time of measurement, the Zr95 and Nb95 were in equilibrium . The ratio 
of activities of Zr95 arrl Nb95 when in equilibriwn is 6:13. 

Tables IX and X give a list of results for activities in herbage, 
aa activity per grwn wet weight of herbage, and activity per square 
metre of ground. For the Seascsle herbage samples the series of results 
given in Table IX for Ru10} and 106, Cs137, and Zr95 mi.crocur _ies per 
square metre are plotted in Figures 11, 12 and 13 respectively. The 
activity of each of these elements falls sharply with time for the first 
few weeks, followed by a gradual decrease in the decay rate. The Zr95 
activity reaches an approri.mately constant level of 0 . 0025 µc/m2 which 
is du e probably to bomb-test fall-out '!-

The I131/0s137 activity ratio in grass from Sea.scale is found to 
decrease exponentially with a half-life of 9,5 days (Figure 14) . In 
other words the 1131 was disappearing from the herbage (by physical and 
biological processes) at a slightly slower rate than the Cs137, Using 
this empirical half-lire on 1131/Cs1J7 rAtios in grass from other places, 
it is found that the ratios worked back to October 11th were from 20-80 
in the direction of the plume , and along Eskdale arrl Langdale, but some 
ratios of over 500 were found in other directions (see Table X). A 
ratio of I131/Cs1.37 activity of 64: 1 was found in a filter paper air 
sa."nple, which was in operation at Calde r during the peak of the rel 'ease 
at 10 am on October 11th (Chamberlain and Dunst.er 1958). 

3.3 Activit,t in soil 

Samples of soil were taken on October 28th and 31st from six different 
points from the fall-out area, with herbage samples from the same area. Later 
a control sample from Carlisle was taken. At each station ten sub-plots of 
one s~ yard each were marked out within an area -of an acre . The herbage 
from these plots was cut and then a four inch diameter, four inch deep core 
of soil plus matt was taken from the centre of each square yard. Ccxnparison 
of 1131 in the herbage arxl the soil plus matt (Tal:>le V), shows that at t _he 
erd or October an average of 16;;t(with range 71~to 31;'&) of the I131 was :in 
the herbage. On the assumption (a) that originally 82;~ was in the herbage 
('l'able IV), {b) that the activity per square metre in herbage deca,yed with 
a five-da,y half-life and (c) that the activity per square metre of herbage 
+soil+ matt decoyed with !ill ei ght -day half -l ife , it would be expected that, 
on October 28th, 34/~ of the activity would have been on the herbage. 

• D\,U'ing October and · Novernber 1957 a total of 0.007 ~/m 2 of Zr95 in fall-out 
was observed in rain water collected at Chilton Be~ks (Stewart 1958), a 

, proportion of which would. be retained by herbage , Morgan ( 1958) has fouro 
the Sr89 content in pennanent grass at Chilton Crom bomb-test fall-out to 
be about 0.0025 µc/m2 in each of the months September, October and November 
1957 and most of this is ascribed to foliar uptake . Zr95 has a 4<Y/ogreater 
yield e.rd 2~ longer half-life than Sr89 , These results suggest that 
where the 1131 fall-out from Wind.scale was low the Zr95 observed is due to 
bornb-test fall.:.out . 
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Activity in her b aee and soil« 

Loc.:i.tio n Seascal. e Sel la.f i e ld Pe nningt on Corn ey Bootl e i.iillo;n Carl i sle Averai:;e 

Date 28/10 31/ 10 28/ 10 28/10 28/10 28/ 10 7/ 11 

Soil µ c/m 
2 

2 3. 61+ 3. 76 1. 01 2 . 16 0 . 35 1.4-9 -H'"-t'bage µ c~ o. 70 o. 68 o.on 0 . 20 0 , 16 0 .3 3 -
11 31 Total µc/m 4. 34- 4. /.+L. 1. 09 2. 36 0 . 5 1 1. 62 -

;,; i n herba,&e 16 15 7 8 31 15 - 16 

2 
260 56Soil mµc/m 

2 170 89 100 50 <15
He:r..on.i;e mµc/m 39 - - 34 29 13,4 -Cz'.37 Total mµc/m2 209 - - 214- 79 69 -
~; i!'l r.-er bage 19 - - 16 37 23 - 24 

Soil mµ c/m
2 

2 60 . 6 100 11 . 5_ 20. 7 14.6 17. 9 8. 5
Eer bage mµc/4i 0. 35 0 , 98 0 .1 1 0 . 19 0 . 20 0. 33 0. 05 

Sr90 Total. 111µ c/ m 61 . 0 181 11. 6 20. 9 14.S .18. 2 8. 55 

~------
% in herbage o . 6 0 , 5 1. 0 0 . 9 1, 4 · 1. 8 c. 6 1. 0 

~ncluding th e ,ca tt of live and dead roots with the soil . 



The Cs137 activity in the soil is also shown in Table v. It seems that 
the fraction of Os137 in herbage is higher at this date than the fraction of 
1131 in herbage, even though some of the Cs137 in the soil is due to bomb
test fall-out (probably leas than 15 m c/m2). 

Als o inclucfod in Table V are the results of Sr90 measure mer1ts ma.de at 
Woolwich on the same samples (Bryant et al. 1958). The low proportion of 
Sr90 in the herbage relative to that in the soil indicates that most of the 
Sr90 in the soil is not e.ssociatad with this incident. 

Diacussion of results 

4.1 Foliar contamination 

The results of the comparison of activity 1n herbage and gamma dose ~rate 
(Table IV) ond of activity in herbage and in soil p lus matt (Table V) show 
that initially a high proportion of the I131 was deposited on ·the herbage. 
The degree to which metabolic procesnes ' enhanced the radioactive decay of 
activity from the herbage is not clear, but thel."e is no evidence at all of 
appreciable translocation fran soil to herbage, .at this time of the year. 

4.2 Relative activities of I131, Ca137and Sr89 

In Table VI are given the absolute and relative values of 1131, Cs137 and 
Sr89 in herbage and milk at Seascale, and the relative activities in a filter 
paper exposed at Calder during part of the release. i'he Sr89 figures for the 
herbage and milk are cpoted from Bryant et al. (1958) URing a figure of 1.2% 
for the calcium content of milk. The Sr89 level of 0.0 008 ·µo/lJ in milk on 
13/10 was the highest observed at Seascale in the period t.ollow:i.ng the accident. 
The Caldei- filte r figures are quoted fran Chamberlain and Dunster ( 1958). · 

TABLE VI 

Relativ.e activities of 1131, Cs137 and Sr89 in Seascale herbage and milk 

Calder Filter Herba ge activity Milk activity 
Nuclide 

Date Relative Date µc/m2 Relative Date µc/1 Relative 

1131 11/10 100 13/10 12. 7 100 13/10 o.8 100 

Cs137 11/10 2.6 13/10 0.18 · 1.4 28/10 0.0016 2.6 

Sr89 11/10 1.0 13/10 0.024 0.19 13/10 0.0008 0.1 

The :relative amounts of these nuclidea in the three types or sample are 
in reasonable agreement, but there is evidence that the activity of Sr89 in 
herb age and milk was less than would have been expected if the deposition to 
herbage and uptake by cattle had. been as ef':fective as that of IU1 end Cs131o 
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4.3 Variation of deposition with distance. 

The variation of 1131 deposition can be followed in the approximate 
direction of the main pl.une from the figures in Table VII, which have been 
plotted in Figure 15. If the same decrease with distance is ass\Ped for the 
Cs137 in milk as is observed with 1~31 for both herbage and milk, extrapola
tion would lead to an expected level of about 0.1~ Ca137/l of milk at 
Wellingborough. This can be compared with a figure of 0 . 05~/l obtained with 
dried milk from Buckingham (see 3. 1.2) at about the same time. Buckingham is 
some miles off the centre of the plume. 

TABLE VII 

Variation of contamination with distance from Wind.scale 

Location 
Distance 

Km. 

11'31 Os137 

On ground 
µc/m2 

on 11/10 

In milk 
µc/1 
on 11/10 

On groond 
m~/m2 

In milk 
·mJ,11':/l 
on 8/11 

Sea.scale 

Corney 

Millcxn ' 

Pennington 

Oawaldtwistle 

Macclesfield 

Wellingborough 

3. 2 

15 

28 

36 

104 

150 

290 

18. 9 

10 • .5 

7.9 

4.8 

o. 6K 

0.11/' 

0.08* 

1. 04; 

0.52 

0.5 

0.5 

0.052 

-
0.007. 

209 

214-

69 

89 

-
-
-

11 . 4-

14.6 

3.7 

3. 6 

-
-
-

* Herbage only 

4.4 Correlation of milk and herbage activities 

When the results for I131 in herbage are compared with the level of 
activity in milk from the same area a correlation can be obtained between 
the herbage activity and the milk activity . The median of thirty ratios 
shows that 11 µc I131/sq. metre of herbage produced 1 ~c/1 of milk (Fig'lµ'e 16)1 
The spread of results is from 2 to 35 with a standard error of .:!:.2 µo/m2. 

4.5 Total deposition 

Integration of the areas between each contour of the maps of Wind.scale 
and of Engl£>.l'ldgiven in Figures 9 and 10 gives an indication of the total 
amount of 1131 which was deposited on herbage in Great Britain. The 
geometric mean of th e contours has b~en taken for estimating the fall-out 
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be t ween contour-lines. 'I'he deto.ils i n 1'able VIII give a total of about 
11, 000 curies . As th e whole plume was not covered when taking herbage 
sa m!_:lles this figure can only be approximll.te . A further deposition of about 
2000 curies car, be estimated in the Irish Sea south of the Funless peninsular. 
Stewart and Croo ks ( 19 58) give figures for the exposure of different toYma in 
Europe due to I 131 f'ran Y/i.ndsoale. Compo.ring these ~th the f i gures of deposi 
t i on on herb age ahows tha.t very approxima t el y a furth er ,5000 curies of 1131 mtJ3' 
have been deposited over the sea and in northern Europe giving a total figure 
of about 20, 000 curies of 1131 for the activity deposited from the Wind.scale 
accident . 

TABLEVIII 

Estimate of total 1131 deposited in Grea t Bri tai n 

Level of activity 
mµc/m2 

Area 
Sq . Km. 

Assuxned 
average 

activi~ 
m,-.:;/m2 

Total activi ty 
curies 

> 10, 000 
1,000 - 10,000 

100 - 1 , 000 
10 - 100 

.30
i..ao• 

16,200 
>123, 000 

15, 000 
3,160 

316 
31. 6 

450 
1,500 
5 , 100 

> 3, 900 

Total >10, 950 

~xcluding contribution from deposition in Irish Sea southo f Barrow. 

Conclusions 

5.1 Techniques 

The versatility of the ganma- scintillation spectrometer ha s been demon
strated by the measurement of the gamma-ray aotivity of m.llllerou.s biological 
samples in many different fonns and of widely varying specific activity . One 
advantage which this method holds c,ver conventional chemical separations is 
the small amount of preparation required fo r samplee . 

Measurements of the 1131 content of milk were made at Wind.scale uaing 
crystals of one inch diamete r and thicknes s , in conjunction with a sing.le 
channel ,malyser . This was found to be sensitive enough to measure activities 
as low as 2 mµo of 1131 per litre of milk when using samples of about 500 cc . 

( 311The larger crystal which was used in Harwell x 3") was f ound to be more 
sensitive , and level s of 0.2 mµc/m.l could be es timated us ing one pint of milk. 
The five channel analyser provided a useful indication of the st ability of the 
apparatus . 

The multichannel analysers were found to be essential when several gS.IIllla
311ray emittillf: isotopes were present in the samples . The large crystals ( 311 x 

and 411 x 211) were necessary for measurement of activities in samples of low 
speci£ic activity but small crystals would have been quite adequate for samples 
of soil and herbage collected ne ar \Vinda oal e. 
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Owing to the nature of the Wind.scale accident, that the predominating 
release of activity was I131, gamma speotrometer measurements on milk with 
a single channel analyser were satisfactory. However should an accident 
occur in which the release was a no~ fission-product mixture, it is 
possible that other gamna-re;y emitters (such as Ba - La140) would appear in 
milk and a multichannel-analyser would be :required for activity measurements. 
Soil and herbage measurements would certainly have to be made using a 
multichannel analyser. 

5.2 Results 

Measurements of I 131 on herbage quoted in Table IV, where .they are 
compared with the gamma dose-rate from the ground, show that initially a 
large proportion of the 1131 was deposited on the herbage. 

Figures quoteq. in Table VI show that I131 and Cs137 behaved very 
similarly in deposition from the air to herbage and in passage through the 
cow to milk, at a point about ·two miles south of Wi nd.scale. Sr89 behaved 
differently in the fact that less of it appeared in milk relative to the 
amount disseminated but most of the difference appears to be d~e to a 
lower rate of deposition of Sr89 from air to herbage. 

The rate of decrease of 1131 and Cs137 in herbage and milk with distance 
from Wind.scale appears to be similar as shown in Table VII. Even at a 
distance of about 200 miles from Wind.scale, evidence from the Cs137 content 
of dried milk shows that the ratio of Cs137/I131 in milk was very similar to 
that nearer to Windscale . 

Contour ma.ps of the I131 in milk (Figs. 5 a.net6) show very similar fea
tures to the contour maps of 1131 per square metre of herbage. (Figs. 9 
and 10). An estimate of the total deposition of I131 has been made from the 
herbage contour maps, giving a figure of about 20,0CXJ curies. This is in 
good agreement with estimates of total relea.se made by Crabtree (1958) using 
the results of air sampling by Stewart and Crooks (19.58). 
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