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Abstract An intercomparison of sampling pro-
cedures used by five European laboratories for
the deiermination of radiocaesium in vegetauon
and peaty soil was carried out at two locations in
Cumbna. The soil sam; ling procedures included
the collection of depth profiles in order to obtain
informauon on the vertical distribution of radio-
caesium 1n addition to the total deposition. The
number of samples taken by each laboratory var-
ied from one to five. The multiple sampling has
given information on the homogeneity of the
parameters studied at each location. The para-
meters comprise soil bulk densities, total deposi-
tion of B7Cs, deposition of B’Cs in three soil
layers, biomass densities, concentrations of 13’Cs
in pasture, and activity ratos (333Cs/13’Cs) in soil
and vegetation.

The determination of total deposition of 137Cs
gave no indication of differences between the la-
boratories. The total depositions of B+Cs and
BICs observed at one site were compared with
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levels obtained from another study and the two
seis of data were found to be in good agreement.
The results from the soil profiles do indicate sig-
nificant differences between laboratories. This
covers the vertical distributions of 137Cs deposi-
tion including the B3CsM37Cs-activity ratios as
well as the soil bulk densities. One laboratory
using a coring technique observed difficulties
during sampling due to compression of the soil.
The coring technique should thus be avoided or
applied with extreme care for the sampling of
depth profiles in peaty soil. The results from the
sampling of pasture show no indication of differ-
ences between the laboratories.

For the parameters studied the observed 1aria-
bilities across soil depths and locations range
from 10% to 81% in terms of relative standard
deviations. A comparison across all results at the
two locations indicate a 50% higher field vari-
ability at one of the sites relative to the other.
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1 Introduction

In connection with compilations of environ-
mental data it is usually assumed that the data are
unbiased and comparable. However, differences
may exist between data from different investiga-
tors, and such differences should preferably be
idenuified through an intercomparison pro-
gramme and corrected for prior to data compila-
tion. Systematic differences may be due to sev-
eral reasons: eg. laboratory treatments, analytical
techniques or sampling procedures. Depending
on the type of data, the sampling procedures may
have a significant influence on the quality of the
results. In the case of soil data it is known (Fe-
derer et al, 1989) that properuies such as pH, clay
fraction and cation exchange capacity may re-
quire from a {ew to about 40 samples each of
about 0.1 kg per 100 m’ to achieve a confidence
interval of 90%. Data on soil properties including
levels of radioactive contamination may thus not
be representative if the sampling procedures do
not take this variability into account.

In order to investigate the influence of samp-
ling procedures on data on radiocaesium in pas-
ture grass and soil, the present sub-study was in-
cluded in a CEC project on the Radioecology of
Semi-Natural Ecosystems (B17-0044). The objec-
tive of this project is to study the levels of radio-
caesium in upland vegetation and grazing ani-
mals, and to compare the transfer of radiocaesi-
um in the soil-grass-animal foodchain for differ-
ent upland ecosystems represented in the coun-
tries of the participants. The participants are the
Institute of Terrestrial Ecology (ITE), Cumbria,
United Kingdom; Radiation Protection Insti-
tute, Dublin, Ireland; Aristotle University of
Thessaloniki, Greece; Swedish University of
Agricultural Sciences, Uppsala, Sweden; and
Riso National Laboratory, Roskilde, Denmark.
The concentrations of radiocaesium in grass and
soil are thus basic points of reference for these
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investigations. During a project meeting at the
ITE, Merlewood Research Station, 2 sampling
intercomparison of vegetation and soil was car-
ried out the I8 September 1990 at two locations in
Cumbria. Each of the five participating labora-
tories used their own sampling technique to col-
lect samples of vegetation and of soil segments at
depths 0-5 cm, 5-10 cm and 10-20 cm at both
locations. The participants brought their samples
to their home laboratories where the samples
were treated and analyzed using routine proce-
dures.

This report gives the results of this investiga-
tion which focuses on possible systematic inter-
laboratory differences. Such differences may, as
stated, have other causes than the samplin3 pro-
cedures, and in order to identify possible differ-
ences berween laboratories due to the gamma-
specirometric analyses, an additional intercali-
bration exercise comprising analyses of prehomo-
genised samples of vegetation and soil was car-
ried out. The results of this intercalibration,
which included only four of the five laboratories
menuoned above, are reported elsewhere (McGee
et al, 1992). The results in the present report have
not been corrected in view of the findings from
this intercalibration of gamma-spectrometric
analyses. The latter intercalibration found statis-
tically significant, but relatively small differences
between laboratory determinations of 137Cs; the
mean percentage bias for each of the four labora-
tories was below 5%. The variation in the present
investigation between multiple samples taken by
the individual laboratories are in most cases
much larger than 5%. The possible inter-labora-
tory bias for the gamma-spectrometric results for
137Cs will thus have only a marginal influence on
the conclusions for this radionuclide drawn from
the present set of results.



2 Maternials and Methods

2.1 Sampling Sites

Two sampling sites in areas of known Chernobyl
deposition were chosen in Cumbria: Ennerdale
(Nauonal Grid Reference NY 065128, alutude
275 m) and Corney Fell (National Grid Refer-
ence SD 150897, aluitude 400 m). Both locations
are upland acidic grassiand sites grazed by sheep.
The soil is characterized as mainly peat. Apart
from manipulaton of grazing pressures no
known management is carried out in these two
areas.

The meteorological conditions in Cumbria
during the sampling on the 18 September 1990
were characterized by moderate to heavy rainfall.

2.2 Sampling Methods and
Laboratory Procedures

In the following the five participating laborator-
ies are dewoted by the letters A through E. The
sample numbers refer to the tables listed in the
appendix.

Laboratory A

Laboratory A collected vegetation samples by
clipping with garden shears. Soil samples were
taken using two procedures. One procedure
{samples no. 1 and 2) comprised the cutting of
soil blocks of dimensions 10x10 cm? or 15 x 15
cm’ with a knife as deep as possible. The edges of
the blocks were trimmed to give as good a defini-
tion of the size as possible. In the field the blrcks
were divided in sections of 0-5 cm, 5-10 cm, 10-15
cm etc. by cutting with a pair of scisscrs.

The second procedure (sample no. 3) consisted
of taking ten samples using a cylindrical metal
corer with a diameter of 5.6 cm and a depth of 10
cm. The samples were taken randomly within an
area of approx. 100 m’ and composited to give
one representative sample of the total deposition
of the upper soil layer thus giving no information
on the vertical distribution.

The soil samples were placed in plastic bags
after sampling. In the laboratory the samples
were dried at 108°C for a few days. The vegetation
samples were milled and transferred to vials with
volumes in the range of 35 mL to 180 mL. The
soil samples were crushed and homogenized

manually. Plastic vials af 180 mL or 320 mL were
filled with soil. The radiocaesium contents were
determined using hyper-pure germanium detec-
tors.

Laboratory B

Five vegetation samples and five soil samples
were taken at each site (samples nos. 1-5). The
vegetation samples were collected by clipping a
50 % 50 cm?® quadrat 1o approximately 1 cm above
the soil surface. This facilitated the estimation of
biomass and produced samples of sufficient bulk
for radiocaesium analysis. The soil samples were
collected by marking a 30 x 30 cm? quadrat, dig-
ging a trench around this quadrat and extracting
the soil monolith. The soil profiles represent the
surface to sub-soil or bedrock interface. The
extracted monoliths were sectioned into 0-5 cm,
5-10 cm, 10-20 cm and in further 10-cm sections
o the base of the section. The large volume of
the sections and the method of extraction is la-
borious, but avoids the problems of compression
associated with the use of coring devices.

The entire vegetation samples from each quad-
rat were weighed both fresh and dry in order to
allow calculation of biomass on both a wet and
dry basis in kg m-2. The vegetation samples were
dried at 108°C for 24 hours and milled to less
than I-mm particle size in a Tecator Cyclotec
plant mill and counted in geometries of 50 to 200
mL. All soii samples were sub-sampled taking
known volumes of fresh material and drying at
the same temperature and duration as for coun-
ted samples, bulk densities were then calculated
by dividing dry weight by fresh volume. The re-
maining soil was dried for 72 hours at 108°C,
ground to less than 1-mm particle size and coun-
ted in 500-mL Marinelli containers.

The soil samples were analyzed for radiocaesi-
um by high-resolution gamma spectrometry
using an Ortec GMX-series Ge detector (1.70 keV
resolution at 1.33 MeV; 28% relative efficiency)
linked to a Nuclear Data ND 9900 data acquisi-
tion system. Radioactivity concentrations were
determined by automatic peak fitting using the
Nuclear Data VAX/VMS spectroscopy applica-
tions software package. Efficiency calibration was
carried out using a reference standard (QCY 44)
supplied by Amersham International plc.

Risg-R-620(EN)



Laboratory C

Three replicate samples (samples nos. 1-3) were
taken from each site within an area of approxima-
telv 100 x 100 m®. At each site an area of 1 X1 m®
was marked out and the vegetation was clipped 10
within 2.5 cm of the soil surface with garden
shears. In the centre of this clipped area a soil pit
was excavated 25 x 25 cm?. A pit was actually ex-
cavated slightly to the side of the area needed in
order that the soil could be sliced horizontally in
the sampling area. Where possible 5-cm slices
were taken until subsoil or bedrock prevented
further work. Problems encountered in the field
were mainly due to the occurrence of large stones
and rocks in the soil. As far as possible rocks
were assigned to their correct soil layers and ta-
ken to the laboratory for assessment.

Until treatment all samples were stored in a
cold room at 2°C. Large rocks > 2.5 cm were
removed by hand and weighed. The soil samples
were then divided into 2 portions. The first was
oven dried at 85°C for subsequent radiochemical
analysis and the second reserved in the fresh con-
dition for chemical analysis.

The dried soils were put through a rotary sieve
and the < 2-mm fraction placed in 150 mL
counting containers for radiochemical analysis.
Stones in the range 0.2 cm - 2.5 ¢cm remaining in
the sieve were weighed and discarded. In the case
of the 0-5 cm layer the sieve contained an amount
of organic material which would not pass the
sieve and represented the tufted bases of grami-
noid species. This material was weighed and ana-
lyzed separately. No significant amount of roots
was found for any of the other soil layers ai-
though the soil samples analyzed must have con-
tained fragmented fibrous root material. Vegeta-
tion was dried to constant weight at 85°C. It was
ground to pass a 0.7-mm sieve in a rotary-ham-
mer mill.

All samples were counted on hyper-pure Ge
detectors for about 22 hours. Spectral analysis
was carried out using Canberra Apogee software,
Counting errors vary with sample activity but, at
the 95% confidence level, they were between 3
and 8% for the caesium isotopes.
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Laboratory D

Laboratory D used a 6.5 crn diameter stainless
steel corer for the soil sampling at each site. A
total of 13 cores was taken from a 4 x 4 m- grid as
shown in Figure L

The corer was used 10 collect the desired depth
segments in ¢ach of the 13 locations. The 13 sub-
samples thus obtained were composited to yield
one sample for each depth segment. Grass and
roots were kept in the samples.

During sampling it was noted by the partici-
pants from laboratory D that the application of
this coring technique to wet peaty sotl proved to
be rather difficult for the extraction of well-de-
fined depth segments due to soil compression.

In the laboratory the soil samples were commi-
nuted, dried, crushed, sieved, blended, and al;-
quots were taken for gamma-spectrometric analy-
sis.

Vegetation samples were collected at each site
from a quadrat of i x1 m? by cutting approxima-
tely 2 cm from the soil surface using a pair of
garden shears. The samples were dried for 48
hours at 100°C.

The vegetation samples were measured in
200-mL cylindrical containers and the soil sam-
ples in 1-L Marinelli containers on Ge detectors
connected to standard electronics and placed in
10-cm lead shields. The detectors are calibrated
with water solutions of radionuclide standards,
and the results are corrected for coincidence los-
ses and self absorption in the sample. The recor-
ded gamma spectra were analyzed by non-com-
mercial software.

Figure 1. Scheme of soil sampling used by
laboratory D.
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Laboratory E

Laboratory E collected a vegetation sample from
1 m° at each site using a pair of scissors. Plastic
cvlinders with a diameter of 5.6 cm and 25-cm
length were used for the soil samples which were
taken from the area sampled for the vegetation.
The cvlinders were pushed into the soil slowly by
hand when possible, or by means of a hammer; in
the latter case a block of wood was used to avoid
damage 1o the cylinder. The soil samples were
pushed out of the cylinders with a2 wooden pis-
ton. When that was not possible eg. due to pos-
sible compaction in case of wet samples, the cy-
linders were brought to the laboratory, frozen
and sectioned in 5-cm slices. The slices were
composited to yield one sample for each depth
segment of 0-5 cm, 5-10 ¢m and 10-20 cm.

In the laboratory the vegetation samples were
dried for 48 hours at 80°C. The soil samples were
air dnied, crushed, sieved to less than 2-mm size,
and sub-samples taken for radiometric analysis.

2.3 Statistical Procedures

The results have been subject to statistical ana-
lyses to test for differences between the labora-

3 Results and Discussion

The individual results of the laboratory determi-
nations of radiocaesium in soil and vegetation
samples are shown in the appendix (Tables A-I to
A-X). The results are given in terms of kilobec-
querels per square metre (kBq m-2) and kilobec-
querels per kilogramme dry weight (kBg kg).
All results given with reference to weight refer to
dry weight conditions.

Table A-I gives the total deposition of the two
caesium isotopes at the two locations. The total
deposition comprises that of the vegetation and
the soil layer. The Tables A-II and A-III give the
results for the 0-5 cm soil layer at the two loca-
tions in terms of depositions (kBq m-2) and con-
centrations (kBq kg™!), and the Tables A-1V 10
A-VII give the corresponding results for the soil
layers $-10 cm and 10-20 cm.

Data on soil bulk densities have been calcula-
ted from the collected soil samples in units of kg
m-3. These data are listed in Table A-VII1. Table
A-IX shows the ratios of the contents of the two
caesium isotopes (134Cs/137Cs) in the collected soil

tories. Two-wayv analyses of variance (ANOVA's)
have been used to test the hypothesis that there
are no syvstematic differences be'ween the results
from the different laboratories at the same time
as testing for differences between either depths or
locations. Differences found at the 5% level are
indicated with a single asterisk (*) and called
probably significant, differences found at the 1%
level are indicated with a double asterisk (**) and
called significant, and differences found at the
0.1% level are indicated with a triple asterisk
(***) and called highly significant.

The results of the ANOVA’s are shown in 1a-
bles which list the sources of variation, the sums
of squares, the degrees of freedom, the mean
squares, the F-ratios and the significance levels.
The within-laboratory variability is labelled 'Re-
sidual’ and the between-laboratory variability ap-
pears under the main effects. In case that the
differences between the laboratories are not in-
significant, the laboratory means across the other
factor (depths or locations) with 95% confidence
intervals are illustrated in figures in order to give
a graphical representation of the differences.

samples at the two locations. Table A-X summar-
ises the results of the grass samples for the two
locations, giving biomass densities (kg m-2) and
concentrations (Bq kg-!) for the two isotopes.

3.1 Soil Bulk Densities

The results of the soil bulk densities for the two
locations were analyzed for differences between
the four laboratories that provided these results
and between the three depth sections at each site.
Furthermore, since laboratory E did not provide
information on these densities, average values
were used to convert the concentrations (Bq kg!)
given by this laboratory to depositions (Bq m-2).
The ANOVA of the densities from the Enner-
dal2 location is given in Table I and shows signif-
icant differences between the laboratories and
highly significant differences between the
depths. The factor means for the laboratories are
shown in Figure 2 which demonstrates that the
results from laboratory D are significantly lower

Riso-R-620(EN)



Table I. ANOUVA of soil bulk densities (kg m-3) for the Ennerdale location, of. Table A-17TI1

Source of Sum of dt Mean F-ratio Sign level
variation Squares square

Main effects

Laboratories 246194 3 82065 5374 0.008(**)
Depths 460415 2 230208 1508 0.000(**")
Interactions

Lab x Depth 119516 6 19919 1.304 0.305
Residual 274860 18 15270

than those from the others. An ANOVA per-
formed on the data without those from labora-
tory D still gives some indication of difference
between the laboratories (results from laboratory
C are lower than those from laboratories A and
B), but this difference is only probably signif-
icant. The mean bulk densities in this lauter case
are 182+13 (n=10) kg m-3, 506 = 37 (n=10) kg
m-3 and 296 = 85 (n = 7) kg m-3 for the depths 0-5
cm, 5-10 cm and 10-20 c¢m, respectively. The un-
certainties given here and in the following are,
unless stated otherwise, one standard error of the
mean; n is the number of determinations.

The soil bulk densities from Corney Fell show
highly significant differences between depths and
probably significant differences between the la-
boratories (Table II). However, the interaction
between laboratories and depths is probably sig-
nificant due to an atypical variation of the results
at the three depths for laboratory D compared
with the other laboratories. The factor means are

depicted in Figure 3 which shows results from
laboratory D to be higher than those of the other
laboratories. An ANOVA performed on the data
without those from laboratory D shows no differ-
ence between the laboratories and the probably
significant difference between the interactions
vanishes. The mean bulk densities for the latter
sub-set of the data are 16010 (n=10) kg m-3,
225+x9 (n=10) kg m-3 and 254 =31 (n=10) kg
m-3 for the depths 0-5 cm, 5-10 cm and 10-20 ¢m,
respectively.

The results of the ANOVA’s of the soil bulk
densities thus demonstrate that the sampling
technique applied by laboratory D for the present
soil types provide bulk densities of the soil layers
that differ from those obtained by the other la-
boratories. Laboratory D did in fact experience
difficulties with separating the depth segments
during the sampling due to compression of the
wet peaty soil.

Fizure 2. Soil bulk densities of samples from Ennerdale showing 95% confidence intervals for factor means.
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Table II. ANOUVA of soul bulk denstuies (kg m=3) for the Corney Fell location, ¢f. Table A-VIII.

Source of Sum of df Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratories 33335 3 11112 4.089 0020(°)
Depths 64597 2 32298 11.88 0.000(*"*)
interactions

Lab x Depth 45479 6 7580 2789 0.037 ()
Residual 57073 21 2718

Figure 3. Soil bulk densities of samples from Corney Fell showing 95% confidence intervals for factor means for

the laboratories.
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3.2 Total Deposition

The results of total deposition of 137Cs in terms
of kBq m-2 including vegetation and soil (Table
A-I) show no differences between the laboratories
whereas the differences between the locations are
probably significant The ANOVA is given in
Table I11. The mean 1otal depositions of }3'Cs are
14.2+1.3 (n=13) kBq m-2 for Ennerdale and
18.42+1.3 (n=13) kBq m-? for Corney Fell. For
134Cs the mean total depositions are 1.13%0.07
(n=12) kBq m-? for Ennerdale and 1.63+0.11
(n=13)kBq m-2 for Corney Fell.

The observations of total deposition of radio-
caesium at Ennerdale may be compared with

10

post-Chernobyl levels of 19.3 kBq !37Cs m-2 and
3.1 kBq 134Cs m-2 which were obtained in winter
1988 at the same location by Baker and Cawse
(1990). The figure for '37Cs is within the ob-
served range from the present investigation and
the deviation from our mean value equals about
one standard deviation. If we decay correct the
above mentioned result for 134Cs for the time
period from January 1988 to September 1990 we
get a value of 1.3 kBq 134Cs m-2. Again this value
is within the range of our observed values, and
the deviation from our mean value is within one
standard deviation. The quoted figures from
1988 are thus in good agreement with the present
results.

Risa-R-620(EN)



Table I1I. ANOUA of total depos:tion of 3°Cs (kBg m=2), cf. Table A-1.

Source of Sum of df Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratores 103.42 4 2585 1.295 0314
Locations 111.37 1 111.37 5578 0.031(*)
Interactions

Lab x Loc 101.59 4 2540 1.272 0.323
Residual 319.42 16 19.96

3.3 Soil Depth Sections

The analyses of the results for the three soil
depth sections have been made by carrying out
ANOVA'’s for the data on deposition of 137Cs.
The data on !34Cs have been considered by ana-
lyzing the isotopic ratios (134Cs/137Cs) for con-
sistencies.

The results of the 137Cs depositions (kBq m-?)
in the upper soil layer of 0-5 cm (cf. Table A-II)
give only an indication of differences between
the laboratories. The ANOVA is shown in Table
IV, where the difference between the laboratories
is found to be probably significant. The factor
means for the laboratories are shown in Figure 4.
The mean values for Ennerdale are 10.5=1.3
(n=12) kBq !¥Cs m-2 and 1.0020.09 (n=11)
kBq 134Cs m-2, and 11.7+0.6 (n=12) kBq !3’Cs
m-? and 1.22+0.09 (n=12) kBq !34Cs m-2 for
Corney Fell.

The ANOVA of the results for the !3’Cs depo-
sition in the 5-10 cm soil layer (cf. Table A-1V) is
shown in Table V where the difference between

the laboratories is found to be significant. The
factor means are shown in Figure 5. However,
the probably-significant interaction may be due
1o an atypical variation between the two locations
for laboratory A compared with the other labora-
tories. Laboratory A finds a higher deposition of
137Cs Cs in the 5-10 cm soil layer at Ennerdale
than at Corney Fell in contrast to the other labor-
atories. When the ANOVA is repeated without
the data of laboratory A, the probably significant
interaction disappears and there remains probab-
ly significant differences between the laboratories
and the locations. The differences between the
laboratories are such that the results of laboratory
C tend to be larger than those of the laboratories
B, D and E. The factor means for the data with-
out those from laboratory A are for Ennerdale
3.0=0.6 (n=10) kBq '3’Cs m-2 and 0.16 +0.03
(n=7) kBq 134Cs m-2, and 4.5 0.5 (n=10) kBq
137Cs m~2 and 0.28 = 0.04 (n =10) kBq !34Cs m-2
for Corney Fell.

Table IV. ANOVA of the deposition of 137Cs (kBg m-2) in the 0-5 cm soil layer, cf. Table A-11.

Source of Sum of df Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratories 110.13 4 27.53 3.274 0.043(*)
Locations 8.20 1 8.20 0.975 0.351
interactions

Lab x Loc 56.27 4 14.07 1.673 0.212
Residual 117.73 14 8.41
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Figure 4. Depositions of 37Cs (kRBg m-2) in the 0.5 cm soil lavers at the two locations showing 95% confidence
intervals for factor means for the laboratories.

Table V. ANOVA of the deposition of 137Cs (kBgq m-2) in the 5-10 cm soil layer, cf. Table A-IV.

Source of Sum of df Mean F-ratio Sign. level
vanation Squares square

Main effects

Laboratories 34.394 4 8.599 5557 0.007 (**)
Locations 2.581 1 2.581 1.668 0.217
Interactions

Lab x Loc 22.54 4 5.636 3.643 0.031 (")
Residual 21.66 14 1.547

Figure S. Depositions of 137Cs (kBgq m=2) in the 5-10 cm soil layers at the two locations during 95% confidence
intervals for factor means for the laboratories.
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The ANG "~ -or the results of 137Cs Jdeposition
in the 10-20 cm soil laver (cf. Table A-VI) is gi-
ven in Table VI, which shows no difference be-
tween the laboratories and a probably s.gnificant
difference between the locations. The mean va-
lues found at Ennerdale are 0.5=0.1 (n=9) kBq
137Cs m-2 and 0.07 = 0.04 (n=3) kBq 134Cs m-2,
and 2.5+06 (n=12) kBg ::’Cs m-2 and
0.1220.0" \n=11) kBq 134Cs m-2 at Corney Fell.
The ANOVA of the 134Cs results from the soil
samples is based on the activity ratios, 134Cs/
B1Cs, cf. Table A-IX. At Ennerdale the data are
characterized by a number of missing values due
to the absence of samples for the 10-20 cm soil
layer as well as to concentrations of 13¢4Cs being
below the limits o* detection in several samples.
In addition, laboratory A has an obvious outlier
for the ratio (0.316) for the 10-20 cm soil layer.
The ANOVA for the data from Ennerdale with-
cut this outlier is given in Table VII which
shows significant differences between the labora-
tories, highly significant differences between the
depths, and probabiy significant differences be-
tween the interactions. The factor means for the

lzboratories are shown in Figure 6 where the re-
sults for laboratory D are seen to be higher than
those of the other laboratories. When the ANO-
VA is repeated on the same data from which the
results of laboratory D are removed, the probably
significant interaction vanishes, but probably-
significan; differences still remain between the
laboratories (results of laboratory B luwer than
those of laboratories A and C) and highly signif-
icant differences between the depths. There thus
seems to be some indication that the problems of
compression of the soil samples by laboratory D
are reflected in the results for the activity rauos.
This is probably due to the fact that the slope of
the vertical profile for 134Cs is steeper than for
137Cs since the latter includes older weapons fall-
out which shows greater vertical penetration than
Chernobyl fallout. The activity ratio of a soil
sample thus depends on sample depth. The factor
means for the activity ratios without the outlier
and those of laboratory D are 0.096 +0.006
(n=10) for the 0-5 cm soil layer, 0.041 = 0.004
(n =8) for the 5-10 cm soil layer and 0.049 (single
value) for the 10-20 cm soil layer.

Table VI. ANOVA of the deposition of 37Cs (kBgq m-?) in the 10-20 cm soil layer, cf. Table A-VI.

Source of Sum of af Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratories 3.606 4 C.901 0.247 0.906
Locations 22.390 1 6.131 6.131 0.031 (")
Interactions

Lab x Loc 2.430 4 0.607 0.166 0.951
Residual 21.66 14 1.547

Table VII. ANOVA of the activity ratios of the radiocaesium isotopes (134Cs/137Cs) in soil samples from

Ennerdale, cf. Table A-1X.

Source of Sum of df Meen F-ratio Sign. level
vasiation Squares square

Main effects

Laboratories 0.003158 3 0.00105 8.678 0.003(**)
Depths 0.015565 2 0.00778 6415 0.000(***)
interactions

Lab x Depth 0.00168 4 0.00042 3.455 0.0421(*)
Residual 0.00146 12 0.00012

Risa-R-620(:2N)
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Figure 6. Activity ratios (134Cs/37Cs) in soil samples from Ennerdale showing 95% confidence intervals for

factor means for the laboratories.

The activity ratios from Corney Fell represent
an almost complete set of observations; only a
single value is missing. The data have been ana-
lyzed in an ANOVA which is shown in Table
VIII; the factor means are shown in Figure 7.
The ANOVA shows significant differences be-
tween the laboratories and highly significant dif-
ferences between the depths. The results of labor-
atory A are higher than those of the other labora-
tories, and when the ANOVA is repeated on the
data from which the results of laboratory A are

removed, the difference between the laboratories
disappears. The factor means for the activity ra-
tios in the latter case are 0.102 = 0.004 (n =10) for
the 0-5 cm soil layer, 0.064 = 0.005 (n =10) for the
5-10 cm soil layer and 0.040 = 0.006 {n =9) for the
10-20 c¢m soil layer.

Since the major part of the 134Cs activity is
present in the upper soil layer, an ANOVA was
carried out on the activity ratios for the 0-5 cm
soil layers at the two locations. The results are
given in Table IX which shows significant inter-

Figure 7. Activity ratios (134Cs/137Cs) in soil samples from Corney Fell showing 95% confidence intervals for

factor means for the laboratories.
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Table VIII. AN OV of the activity ratios of the radiocacstum tsotopes (13*4CsiP37Cs) in soil samples from Corney

Fell, of. Table A-1X.

Source of Sum of df Mean F-ratio Sign. level
vanation Squares square

Main effects

Laboratories 0.004263 4 0.00107 5312 0.004 (")
Depths 0.019305 2 000965 48107 0.000(***)
Interactions

Lab x Depth 0.003272 7 0.00047 2330 0.063
Residual 0.004214 21 0.00020

actions netween laboratories and locations and
probably -.gnificant differences between the loca-
tions. The factor means are shown in Figure 8. If
the variabilities of the main ffects are compared
to the interactions rather than the residual, the
probably significant difference between the loca-
tions disappears. The significant interactions are
illustrated in Figure 9 which shows the levels of
the activity ratios for the five laboratories by the
locations. The figure shows the acuvity ratios for
the two locations Corney Fell and Ennerdale for
each of the five laboratories from A to E (labora-
tory E has no result from Ennerdale). It is noted
that while the laboratories A and B show higher
ratios at Corney Fell than at Ennerdale, the op-
posite is the case for laboratories C and D. If the
ANOVA is repeated on the data without those of
laboratory D due to the problems associated with
the compression of the soil sections, the two-fac-
tor interaction remains significant and there are

no significant main effects when compared to
this interaction. The reasons for the significant
interactions are not clear from the present mater-
ial. However, gamma-spectrometric aa2lyses of
134Cs are less straightforward than for !137Cs be-
cause of the multi-gamma emissions from 13¢Cs
compared to the mono-energetic gamma rays
from !37Cs. The analysis of multi-gamma radio-
nuclides require that the effects of coincidence
losses are considered. It was indeed found from
the intercalibration of gamyma-spectrometric ana-
lyses of pre-homogenised samples mentioned in
the introduction (McGee et al., 1992) that the
bias errors and measurement errors were larger
for 134Cs than for 137Cs, in particular for labora-
tory A. The factor means for the activity ratios of
the 0-5 cm soil layer including all results are
0.10420.004 (n=12) for Corney Fell and
0.097 =0.005 (n=11) for Ennerdale.

Table IX. ANOVA of the activity ratios of the radiocaesium isotopes (13#Cs/137Cs) in the 0-5 ¢cm soil samples

from Comey Fell and Ennerdale, ¢f. Table A-1X.

Source of Sum of df Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratories 0.001139 4 0.00028 2.75%4 0.070
Locations 0.000521 1 0.00052 5.043 0.041(*)
Interactions

Lab x Loc 0.002806 3 0.00094 9.046 0.001(**)
Residual 0.001447 14 0.00010

Risp-R-620(EN)
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Figure 8. Activity ratios (134Cs/137Cs) in the 0-5 cm soil layer samples from Corney Fell and Ennerdale showing
95% confidence intervals for factor means for the laboratories.

Figure 9. Activity ratios (134Cs/137Cs) in the 0-5 cm soil layer samples from Corney Fell and Ennerdale showing
95% confidence intervals for factor means for the laboratories by the locations.
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The results from the soil samples do not pre-
sent a clear picture of inter-laboratory differ-
ences. The significant differences found from the
ANOVA’s indicate that laboratory A provides
soil profiles of 137Cs concentrations that differ
from those of the other laboratories.

3.4 Vegetation

The biomass densities (cf. Table A-X) show no
differences between laboratories or locations; the
ANOVA is shown in Table X. The mean biomass
density is 0.22+0.02 (n=18) kg m-2. The con-
centrations of 13’Cs in the grass show highly sig-

16

nificant differences between locations, but no dif-
ferences between the laboratories. The mean con-
centration of !13’Cs in grass at Ennerdale is
199230 (n=12) Bq kg~! and 786 =70 (n=12) Bq
kg! at Corney Fell. The ANOVA is shown in
Table XI. An ANOVA for B4Cs in the grass gives
similar results as for 137Cs. An ANOVA of the
ratios between the levels of 34Cs and 137Cs in the
grass is shown in Table XII. Here no differences
are found between the laboratories or the loca-
tions; the mean activity ratio is 0.104 = 0.002
(n=24) which compares well with the activity
ratio of the 0-5 cm soil layers.

Rise-R-620(EN)



Table X. ANOVA of biomass densities (kg m=), cf. Table A-X.

Source of Sum of df Mean F-ratio Sign. level
variagtion Squares square

Main effects

Laboratories 0.00260 2 0.00130 0.176 0.841
Locations 0.00823 1 0.00823 1.112 0.312
Interactions

Lab x Loc 0.00313 2 0.00157 0.21 0812
Residual 0.08886 12 0.00741

Table XI. ANOVA of 137Cs in grass (Bq kg-'), ¢f. Table A-X.

Source of Sum of df Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratories 127655 3 42552 1.396 0.292
Locations 1412461 1 1412461 46.34 0.000(***)
Interactions

Lab x Loc 27936 3 9312 0.306 0.821
Residual 365751 12 30479

Table XII. ANOVA of the activity ratios of the radiocaesium isotopes ('3%Cs/137Cs) in grass samples,
¢f. Table A-X.

Source of Sum ~f df Mean F-ratio Sign. level
variation Squares square

Main effects

Laboratories 0001013 3 0.000338 2.181 0.143
Locations 0.000097 1 0.000097 0625 0.452
Interactions

Lab x Loc 0.000080 3 0.000027 0.172 0.913
Residual 0.001858 12 0.000155

Rise-R-620(EN)



The observed ratio for the levels of 1¥7Cs be-
tween vegetauon and the 0-5 cm soil laver is con-
siderably larger at Cornev Fell (67 Bg kg! per
kBq m-2) than at Ennerdale (19 Bq kg-! per kBq
m-2). This may be explained by the different che-
mical soil properties at the two locations as deter-
mined by the Institute of Terrestrial Ecology.
The organic content of the 0-5 cm soil layer soil
from Corney Fell is about 85% which is similar
to that from Ennerdale, but the cation exchange
capacity is greater at Corney Fell (49 meq per 100
g) than that at Ennerdale (24 meq per 100 g).

3.5 Summary of ANOVA’s and
Site Variabilities

Table XIII summarises the results of the pre-
vious ANOVA’s concerning differences between
the laboratories. The table shows the levels of
significance found for the four groups of data
mentioned in the previous sections. For all the
cases where significant differences are found, the
differences can be related to the data from a sin-
gle laboratory. This means that if the data from
that laboratory are removed, the significance le-
vels become less significant (corresponding to p

> 1%) when the ANOVA’s are repeated. The ta-
ble identifies these laboratories and shows the
effects causing the significant differences by
ranking the levels.

For the soil bulk density the results from la-
boratory D at Ennerdale are significantly lower
than those of the other three laboratories among
which the results are not significantly different.
The results from laboratory C are lower than
those from laboratory B which again are lower
than those from laboratory A. This ranking is
indicated in the table in the column labelled
"Cause of significance’.

A significant two-factor interaction is found
for the deposition of ¥7Cs in soil for the 5-10 cm
depth section which is caused by the results from
laboratory A. The significant interaction is due
to higher levels at Ennerdale than at Corney Fell
reported by this laboratory in contrast to the
trend observed by the other laboratories.

For the activity ratios (134Cs/137Cs) laboratory
D gives values at Ennerdale which are signific-
antly lower than those of the other laboratories,
whereas at Corney Fell laboratory A finds values
which are higher than those of the other labora-
tories.

Table XIII. Summary of the results from the ANOVA's highlighting differences between the laboratories. In
case of significant differences (**, p < 1%) the laboratory whose data differ from those of the other laboratories is
indicated as well as the cause of the significance (ranking of the levels).

Nata Sign. {Lab) Cause of significance
Soil bulk density (kg m-3)
Ennerdale ** (D) D<CBA
Corney Fell *
Deposition of 137Cs in soil
(kBg m-2)
Total ns
0-5 cm layer *
5-10 cm layer **(A) Interaction (loc.)
10-20 cm tayer ns
i34Cs/137Cs ratios in soil
Ennerdale ** (D) D>CA,B
Corney Fell **(A) A>EBCD
Vegetation
Biomass (kg m-2) ns
37Cs conc. (Bg kg') ns
B4Cs/137Cs ratios ns

18 Riso-R-620(EN)



The results tfrom the vegetation samples ana-
Ivsed in terms of biomass, 13’Cs concentration
and of acuvity ratios vield no significant differ-
ences between the laboratories indicating the
consistency of sampling and analvucal proce-
dures for vegetation samples in all laboratories.

The significant differences between the labora-
tories mentioned above have been determined 1n
view of the within-laboratory variabilities of the
results. In order to study this variability in great-
er detail, Table XIV summarises the results for
the wo locations showing means and both abso-
lute and relative standard deviations. The statis-
tics have been calculated from the data without
those sub-sets that have been identified as signif-
icantly different from the rest.

Itis noted from the table that the relative stan-
dard deviations at Ennerdale are generally some-

what higher than at Corney Fell. This difference
has been studied by forming the ratios of the
relative standard deviations at Ennerdale to those
at Corney Fell and comparing these ratios to uni-
tv. When these ratios are tested with a Students
t-test for each of the four groups of darta, the
means are higher than but not significantly dif-
ferent from unity. However, the entire set of data
gives a mean ratio of 1.52, a standard deviation of
0.42 and a t-value of 4.23 (11 degrees of freedom)
which is statistically significant at the 1% level.
The data thus indicate that the field variability
across all results is larger at the Ennerdale site
than at the Corney Fell site, and that the variabil-
ity in quantitative terms when expressed as a re-
lative standard deviation is about 50% larger at
Ennerdale than at Corney Fell.

Table XIV. Comparison of data variabilities berzveen Ennerdale and Comey Fell showing means and absolute
and relative standard deviations. The statistics do not include the sub-sets of data identified from the ANOVA's

as significantly different from the rest.

Data

Ennerdale

Corney Fell

Soi! bulk density (kg m-3)

0-5cm 182 = 40(22%) 160 =31 (19%)

5-10cm 505+ 117 (23%) 225+27(12%)

10-20cm 295 =225 (76%) 254 =97 (38%)
137Cs deposition in soil {(kBg m-2)

Total 14.2+461{(33%) 184=4.7(26%)
0-5cm 10.5+4.6(44%) 11.722.2{19%)
5-10cm 3.0=1.8(59%}) 45+1.6(36%)

10-20cm 05=03(71%) 25220(81%)

134Cs/137Cs ratios in soil
0-5cm 0096 +0.017(18%) 0.102+20.013(13%)
5-10cm 0.041 =0.011(27%) 0.064 = 0.016 (25%)
10-20cm 0.049 0.040=0.019(48%)
Vegetation

Biomass (kg m- 2}

137Cs concentration {Bq kg-')

134Cs/137Cs ratios

0.195+0.078{40%)
193115 (A0%)
0.103=0.009 (9%)

0.238=0.676 {32%)
724 =211 (29%)
0.107=0.015(14%)

Rise-R-620(EN)
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4 CONCLUSIONS

The present intercomparison exercise has cov-
ered sampling procedures used by five laborator-
ies for the determination of radiocaesium deposi-
nuon in vegetation and peaty soil. The soil samp-
ling procedures included the collection of soil
sections for the depths 0-5 cm, 5-10 cm and 10-20
cm 1n order to obrain information on the vertical
distribution of radiocaesium in the soil in addi-
tion to the total deposition. Three laboratories
used techniques of cutting horizontal slices of
soil blocks to obtain the desired depth segments,
while two laboratories used a coring technique.
The techniques of sampling the vegetation did
not differ much among the laboratories; the main
difference was the cutting height which varied
from 1 10 2.5 cm. The number of samples taken
by each laboratory varied from one to five. The
multiple sampling done by three of the laborator-
ies gives information on the field variability of
the parameters studied at each location.

For the determination of total deposition of
3ICs the results give no indication of differences
between the laboratories compared to the ob-
served within-laboratory variability. The ob-
served variabilities at the two locauons corre-
spond to standard deviations of 33% at Ennerdale
and 26% at Corney Fell.

The total deposition of 134Cs and 13’Cs ob-
served at Ennerdale has been compared with le-
vels obtained in 1988 by Baker and Cawse (1990).
The wwo sets of data were found to be in good
agreement with each other.

The results from the soil samples of depth sec-
tions do indicate significant differences between
the laboratories. This covers the vertical distribu-
tions of 137Cs deposition including the 134Cs/137Cs
activity ratios as well as the soil bulk densities.
The laboratory (D) using the coring technique
observed difficulties during sampling with effi-
cient separation of the depth sections during
sampling due to compression of the wet peaty
soil. These difficulties are clearly reflected in the
soil bulk densities obtained at the Ennerdale site
and to some extent also at the Corney Fell site.
Furthermore, the activity ratios at the Ennerdale
site for this laboratory are also affected, probably
due to the same problem. One laboratory (A)
using the technique of horizontal slicing to ob-
tain the soil depth profile of 137Cs deposition pro-
duced results which are significantly different
from those of the other laboratories. This is par-
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ticularly reflected in the results of the 5-10 cm
soil laver, but also in the results of tie activity
ratios (34Cs/B37Cs) from Corney Fell. It should be
noted, however, that this laboratory collects soil
samples on a routine basis for total deposition
only, and usually not for depth profiles. The sig-
nificant differences of the results of the two la-
boratories have been found on basis of the with-
in-laboratory variabilities of the data. If we do
not consider the results which have been identi-
fied as significantly different, the following varia-
bilities in terms of standard deviations have been
observed. For the soil bulk densities the variabi-
lities across locations and depths range from 12%
to 76%. For the deposition of 37Cs in the 0-5 cm
soil layer the variabilities range from 19% to 44%,
for the 5-10 cm layer from 36% to 59%, and for
the 10-20 cm layer from 71% to 81%. For the activ-
ity ratios the variability of the results range from
18% to 27% at Ennerdale and from 13% to 48% at
Corney Fell.

The results from the sampling of pasture show
no indications of differences between the labora-
tories. The results cover biomass yields, concen-
trations of 137Cs and activity ratios (134Cs/137Cs).
The observed variabilities for the grass biomass
range from 32% to 40%, concentrations vary by
29% to 60%, and activity ratios by 10% to 16%.

In addition to the significant differences (p <
1%) found in the data material, several probably
significant differences have been found (p <
5%). In most cases these differences do not form
a consistent pattern, and they are interpreted as
due to natural field variability in connection with
the sampling procedures applied.

A comparison across all results at the two loca-
tions indicate a 50% higher field variability at
Ennerdale than at Corney Fell in terms of rela-
tive standard deviations.

In addition to the significant differences (p <
1%) found in the material, several probably sig-
nificant differences have been found (p < 5%).
In most cases these differences do not form a
consistent pattern, and they are interpreted as
due to natural field variability in connection with
the sampling procedures applied. The natural
field variability observed for the soil and vegeta-
tion samples emphasizes the importance of carry-
ing out multiple sampling in order to obtain re-
presentative average values.

Rise-R-620(EN)



When comparing the results for the different
soil sampling teckniques, the coring technique is
not to be recommended for the study of vertical
profiles in peaty soil unless this technique is used
with extreme care. Instead a technigque using hor-
izontal slizing should be applied. However, in
case of obtaining data on total deposition the two
techniques are expected to work equally well.
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Appendix

The following tables contain the results of the
determinations by the participaung laboratories
of radiocaesium in soil and vegetation in addi-
tion to quantities derived from these results. The
term na means that the samples were not avail-
able because no samples were or could be taken,
and nd means not detected.

The mean values given in the tables are arith-
metic means of the data.

Table A-I. Total deposition of radiocaesium isotopes
(kBg m-2) at the two locations sampled and measured
by the five laboratonies.

Total {(kBg m-2) Cs-137 Cs-134
Lab Sample Enner- Corney Enner- Corney

no. dale Fell dale Fell
A 1 1342 1902 1.04 2.06
A 2 2337 14 40 152 147
A 3 1055 1454 086 167
B 1 1325 2060 0.99 210
B 2 1697 2024 130 178
B 3 16.99 2327 1.23 185
B 4 2200 1473 155 153
B 5 15.65 14.72 m 135
(o 1 158 12.88 1.02 098
C 2 114 24N 072 210
(o 3 1.48 27.07 09 197
(o} 1 n31 19.54 126 135
E 1 720 13.00 nd 095
Mean 14 22 18.36 113 163
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Table A-II. Deposition in the 0-5 c¢m soil laver of
radiocaesium isotopes (kRBg m=>) at the two locations
sampled and measured by the five laboratories.

Soil. 0-5 cm (kBq
m-2 Cs-137 Cs-134
Lab Sample Enner- Corney Enner- Corney
no dale Fell date Fell
A 1 658 1382 073 152
A 2 15 95 954 1.37 113
8 1 9.87 15.52 0.88 174
B 2 14.20 14 .26 1.30 150
B 3 15.66 12.39 123 131
B 4 17.02 9.34 1.38 1.06
B 5 1421 10.01 105 1.09
o 1 550 940 070 078
C 2 485 12.77 053 141
C 3 719 nn 0.79 1.34
D 1 889 12.51 1.07 103
3 1 6.08 9.06 nd 0.76
Mean 10.50 1.67 100 122

Table A-111. Concentrations in the 0-5 cm soil layer
of radiocaesium isotopes (kBq kg-!) ar rwo locations
sampled and measured by the frve laboratories.

So1.0-5 ¢cm (kBg
kg-') Cs-137 Cs-134
Lab Sample Enner- Corney Enner- Corney
no dale Fell dale Fell
A 1 0907 1595 0101 0180
A 2 1589 1.300 0137 0154
B 1 0.994 1872 o089 0210
B 2 1125 1242 0103 0130
B8 3 151 1.294 ong 0136
8 4 1.817 1278 0147 0145
8 5 1.338 1291 0099 0141
o 1 0.710 1.516 0087 0124
C 2 0.781 1819 0083 020
(o 3 1014 1752 010 0199
D 1 1200 1676 0144 0138
E 1 0680 1.130 nd 0095
Mean 1138 1480 om 0154
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Table A-11". Depositton in the 5-10 cm sol layer of
radiocaestum tsotopes (kBgq m=>; at the rwwo locations
sampled and measured by the five laboratores.

Table A-1'1. Deposttion in the 10-20 ¢m soil layer of
radiocaestum caesium isotopes (kRBgq m-2) at the riwo
locations sampled and measured by the frve labora-
tones.

Soi. 5-10 cm (kBg S0t 10-20 cm
m-2) Cs-137 Cs-134 (kBg m-3 Cs-137 Cs-134
Lab Sample Enner Corney Enner- Corney Lab Sample Enner- Corney Enner- Corney
no dale Feit dale Fell no dale Fell dale Fell
A 1 5.317 3808 0395 0290 A 1 na 2.708 na 01
A 2 6473 2548 0231 0279 A 2 0463 21N 0147 0187
B 1 3380 4242 0107 0327 B 1 na 0633 na 0023
8 2 2457 3625 nd 0193 8 2 0.308 2163 nd n073
8 3 1.325 5100 nd 0.380 B 3 na 5644 na 0147
B 4 4.460 3562 0186 0325 B 4 0.512 1274 0025 0089
B 5 1125 34342 0055 0185 B 5 0310 0.959 nd 0039
C 1 5879 3468 0317 0200 C 1 0.201 0010 nd 0.000
C 2 ..845 7.403 0192 0501 C 2 1174 4237 nd 0186
C 3 413 7.030 07 0400 C 3 0161 6 659 nd 0214
D 1 1.712 4825 0.155 0161 D 1 0.700 2.201 0033 0154
E 1 0.807 2336 nd 0169 E 1 0.22% 1376 nd nd
Mean 3626 4282 0190 0284 Mean 045 2503 0070 0OmB

Table A-V. Concentrations in the 5-10 cm soil layer
of radiocaesium isotopes (kBq kg-!) at two locations
sampled and measured by the frve laboratories.

Table A-VII. Concentrations tn the 10-20 ¢cm soil
layer of radiocaesium isotopes (kBg kg-!) at the rwo
locations sampled and measured by the five labora-
tories.

Soil, 510 cm (kBg Seil, 10-20 cm
kg-" Cs-137 Cs-134 (kBg kg~ Cs-137 Cs-134
Lab Sample Enner- Corney Enner- Corney Lab Sample Enner- Corney Enner- Corney
no dale Fell daie Felt no dale Fell dale Fell
A 1 0229 0341 0013 0026 A 1 na 0.063 na 0.004
A 2 0198 0.303 0.007 0033 A 2 oon 0072 0.003 0.006
B 1 0130 0404 0.004 0031 B 1 na 0.030 na 0001
8 2 0z 0290 nd 0015 B 2 0.06 0086 nd 0003
B 3 0.050 0425 nd 0032 B 3 na 0.166 na 0004
B 4 0223 0.285 0007 0026 B 4 oo 0057 0.001 0004
8 5 0.033 0270 0002 0014 B 5 0004 0.050 nd 0002
C 1 0226 03n 0012 0018 C 1 0021 0.001 nd 0000
C 2 0267 0750 001 0059 C 2 0043 0196 nd 0009
C 3 0.229 061 0007 0038 C 3 0016 0220 nd 0007
D 1 0.421 0239 0.038 0008 D 1 0068 0065 0004 0005
E 1 0033 0.208 nd 0015 E 1 0008 0057 nd nd
Mean 0180 0.370 0011 0026 Mean 0023 0089 0003 0004
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Table A-VIII. Densiies of sotl samples (kg m=3) from the twwo locations inferved from the laboratory results of
radionuchde soil inventories per unit weight and area.

Lab Ennerdale Corney Feill
C-5cm 510cm 10-20cm 0-5¢cm 510 cm 10-20cm

A 145 605 na 170 223 430
A 201 655 426 147 168 304
B 199 520 na 166 210 2n
B 252 420 193 230 250 252
B 207 530 na 19 240 340
8 187 400 244 146 250 224
B 212 682 738 155 255 192
C 155 521 95 124 223 N
C 124 363 274 140 197 216
C 142 361 100 134 230 302
D 148 82 101 149 404 338
E na na na na na na
Mean 179 467 N 159 241 262

Table A-IX. Activity ratios of radiocaesium isotopes (Cs-134/ Cs-137) in soil samples from the two locarions.

Lab Ennerdale Corney Fell

0-5cm 5-10cm 10-20cm 0-5cm 510cm 10-20cm
A 01108 0.0570 na 01127 0.0762 00705
A 0.0862 0.0356 0.3163 01181 01095 0 0861
B 0.0891 0.0315 na 01123 0.077 0.0363
B 00913 nd na 0.1048 0.0532 0.0337
B 00782 nd na 0.1055 00745 00260
B 00808 0.0327 0.0488 01133 00912 0 0699
8 00742 0.0485 nd 0.1093 0.0537 0.0407
C 01270 0.0539 nd 0.0828 0.0577 00100
C 0.1089 0.0396 nd 01107 0.0676 00439
C 0.1102 00283 nd 01144 0.0569 00321
D 01198 00903 00558 0.0824 00334 00700
E nd nd nd 00841 00723 nd
Mean 00979 0.0464 0.1403 01042 00686 00472
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Table A-X. Results of biomass densities (kg m-2) and radiocaesium concentrations (bg kg-!) in gress at the rvo

locations.
Ennerdaie Corney Fell

Lab Samp Yield Cs-137 Cs134 Yield Cs-137 Cs-134

no kg m-2 Bg kg™ Bakg-’ kg m-2 Bakg’ Ba kg’
A 1 na 202 17 na 1144 121
A 2 na 264 22 na 1052 132
B 1 0209 131 14 0.075 453 50
B 2 0327 233 28 0.263 714 68
B 3 0179 87 g8 0.247 575 63
8 4 0067 98 9 0.295 930 13
8 5 0172 36 5 0.360 847 89
C 1 0295 261 27 0.228 515 50
C 2 0198 27 29 0.223 1001 102
C 3 0164 209 23 0.226 508 48
D 1 0143 167 19 0.222 6930 79
E 1 na 432 37 na 950 83
Mean 0195 193 20 0.238 724 75
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