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Introduction

The aim of the work that has started with this study is:
I. To map the geographical distribution of Cs, Bi, Tl and К in different geographical

areas and by means of a Nal-GIS system and soil samples,
II. To identify areas that accumulate radio nuclides
III. To analyse the dynamics in redistribution of radio nuclides mainly in forests and -

mires with focus on L37Cs,
IV. To estimate doses to man via relevant food chains and external exposition in different

components of the ecosystems.
The first phase that is presented here, deals with paragraphs I and II in the list above and
compare the results from earlier findings in the two investigated areas. The aim of this report
is to summarise the results from the sampling during 2000. The data will be analysed further
in a coming project.
In 1989 a rather extensive survey of the fallout of 137Cs in the area of Nyanget, Vasterbotten
was done where a large amount of soil samples was taken in the area. The results from this
survey showed that radioactive caesium leached from mires to streams and constituted a
secondary source for contamination of lakes (Nylen and Grip, 1997).
In 1999 to 2000 a new survey of the fallout of 137Cs was carried out in Nyanget, together with
the natural occurring nuclides 40K, 232Th(208Tl) and 2 3 8U(2 1 4Bi). Another area Verkmyran,
which is the outflow from the Hille lake in Gastrikland was also included. In the survey a new
method with a portabel Nal crystal connected to a GIS system, called backpack was tested.
The benefit of the Nal-GIS system is that it is an effective way to identify large anomalies in
deposition over wide areas. The number of observations per unit of time far exceeds what is
possible to achieve with soil samples. The drawback of the method may be that if smaller
differences in deposition are to be studied it may be difficult to correct for attenuation in soil,
depth, distribution and contribution from activity in trees.
Together with the backpack measurements the geographical changes in vegetation was
identified and included in the database covering the co-ordinates and nuclides. In a few
transects or biotopes, soil profiles where taken and sliced to give information of the influence
of topography and rough estimation of the vertical distribution of activity and density. The
latter to be used for calibration of the back pack.

Experimental

The backpack is a portable gamma spectrometer with a 3"x3" sodium iodide crystal. The unit
contains also a multichannel analyser, high voltage supply, amplifier, GPS and a logger.
The backpack was calibrated in two ways for the measurements of 137Cs. The first way was
based on relative measurements made at "Regementsparken" in Gavle(Lidstrom, 1999), a
park area which was mainly covered with grass and with only a minor extent of trees. The
backpack measurements were calibrated in relation to the results of the soil samples taken at
this site. The second method used was based on relative calibration measurements at two
different types of site, both located at Nyanget, Vasterbotten.
At each site soil samples were taken and measured by HPGe gamma-ray spectrometers at the
FOA laboratory in Umea. Two sites were used for calibration of the backpack because of the
differences in ground material and matrix. Calibration site one was on a mineral soil covered
with a well defined humus layer. Calibration site two was on a discharge area with a deep
organic soil layer.



The performed mapping measurements were then divided in these two groups and calculated
according to these. The results for the 137Cs content are given as activity per square meter
[Bq/m2]. For natural 40K and the natural radioactivity chains 232Th and U the calibration
refers to measurements made at calibration plates in Borlange. These plates contained either
238U, 232Th or 40K. These measurements gave the response function for each one of the
nuclides of interest and the results are given as activity.
The measurements with the backpack in the Nyanget area were done walking over most of the
area while at Verkmyran walking along the stream.
Soil samples were taken with three different samplers having three different diameters (8, 4.3,
3.6 cm). At Nyanget, the soil samples were cut into vegetation, humus and mineral soil except
in the mire samples were they were cut in ca 10 cm slices. Vegetation means mosses and
lichens. The soil samples at Nyanget were divided into four different groups, moraine,
discharge areas in the forest, mire and open mire. Average values from the samples in the
different groups were calculated. Some of the transects were identical to those sampled in
1989 (Nylen, Grip 1989).
At Verkmyran five different soil types were sampled, a reed area, an alder forest, a moraine
area, a spruce forest and a grass area (two soil profiles at each place). The samples were cut
into 2 cm pieces in all places except for the moraine area, where the samples were divided in
the same way as in Nyanget. As the soil was quite compact in the Verkmyran area it was not
possible to take soil samples deeper than about 12 cm. There was probably some activity of
137Cs further down in the soil. Along with the soil samplings backpack measurements (5 min)
was performed over the sampled areas, to compare the backpack measurements and the soil
samples measurements. All samples (Nyanget and Verkmyran) were homogenised and
measured in the lab on a HPGe gamma spectrometer for 1000 seconds or to 100 counts in the
l37Cs peak, which gave a measurement uncertainty of 10 %.
In fig 9, the Nyanget 137Cs data set has been interpolated using an inverse distance weighting
algorithm with a search radius of 50 meters, an exponent of distance of 2.0 and a minimum
number of 24 required points for the weighting.



Results and discussion

Verkmyran, Gavle

The results from the measurements with the backpack at Verkmyran are shown in fig 1, where
also the positions for the soil samples are indicated. The backpack was calibrated with the
"Gavle" calibration factor.
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Fig 1. Results from back pack measurements in the Verkmyran area.

The results from the soil samples and the backpack are shown in fig 2. For these results, as
noted above, the backpack was fixed in a position over each area where soil sampling was
performed. As can be seen the agreement between the soil samples and the backpack is good.
The high standard deviation for soil samples is explained by the few observations (n=2). Two
areas of elevated ground deposition (Bq/m2) were identified, the alder forest and the reed area.
These two areas lie in the end and lowest part of the catchment and hence probably receive
activity during storm off events. Furthermore the alder forest is probably flooded during these
events. The high concentration of radioactive caesium may therefore be coupled to discharge
from the lake Hille. It is also reasonable to think that this has happened during the spring
flood in 1986.



Verkmyrdn Gavle
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alder forest reed moraine spruce forest grass

Fig 2. Results from measurements of " 'Cs along the Verkmyran.

Figure 3 shows the activity concentration of 40K, 232Th and 2 3 8U measured by the backpack,
1 ^ ^ 7 О Т О О Т Q

together with Cs. It can be seen that the natural nuclides Th and U shows different
patterns. 232Th has a distribution that resembles 40K but 2 3 8U has totally different distribution.

О T Q ОТО

In the moraine, the spruce forest and the grass area, most of the activity of U and *" Th will
probably come from the bedrock, but in the alder forest and the reed it has most likely arrived238, , 214Tthere by the stream. The nuclides measured in the U series are the daughter Bi and in the
232 208. 238.Th series, it is the daughter " Tl. As can be seen in fig 4 another daughter in the U series
is 2 2 2Rn which is a noble gas with a half life of 3.8 d. In the 232Th series there is also a radon
daughter, 2 2 0Rn which has a shorter half life 55 s (fig 5). A possible explanation for the low
content of 23<SU in the alder forest and the reed can then be that radon from the 2 3 8U series has
longer time to evaporate away from the stream compared to the radon nuclide from the 2 3 2Th

2 M n /238,series. The result will then be a lower activity of Bi ( U) in these areas.

Verkmyrein
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Fig 3. Results from measurements of '"Cs, WK, " 'Th and 2 i SU at Verkmyran.
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Soil profiles from Verkmyran

Alder forest:
The alder forest consists of high alder trees with a high (50 cm) ground understorey of grass
and herbaceous plants. The vegetation is an indicator of a nutrient rich area. Figure 6 and
table 1 shows the distribution in the soil samples from the alder forest. It seems as if the
vertical migration rate in this area is quite high. Though the two profiles show different depth
distributions the 137Cs activity is higher in the lower part of the soil. The activity peaks at 5
cm in one case and below the sample depth in the other case. Probably there is some b7Cs
activity even lower down in the ground. This together with the unknown amount in the alder
trees implies that the deposition shown in figure 6 can be an underestimation.

alder forest

4 5 6

soil depth (cm)

10

Fig 6. Vertical distribution of l37Cs in the soil in the alder forest. Sample 1 is the dashed line and sample 2 is the
straight line.

Table 1. Data for the two soil profiles in the alder forest (S.D.= 10%).
Depth (cm)

0-2
2-4
4-6
6-12

Sample 1
Bq/m2

91035
74608
162177
813657

sample 2
Bq/m2

210935
617508
823274
671499

10



Reed
In the reed area the ground consisted of reed litter gradually fermented in deeper layers. In the
soil samples from the reed area the 137Cs is situated more in the upper part of the soil (fig 7,
table 2) compared to the situation in the nearby alder area. The peak is in both profiles found
at 3 cm.
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• 137/-Fig 7. Vertical distribution of Cs in the soil in the reed area. Sample 1 is the dashed line and sample 2 is the
straight line.

Table 2. Data for the two soil profiles in the reed area (S.D.= 10%).
Depth (cm)

0-2
2-4
4-10
6-12

Sample 1
Bq/m2

93135
570603
400538

Sample 2
Bq/m2

230578
290293
103203
64391

11



Mixed coniferous forest. Moraine
The moraine area consisted of mostly spruces but also some pines, The ground vegetation
dominated by bilberries. The results from the measurements of the soil samples are shown in
fig 8 and table 3. The depth distribution in the moraine area is more or less the same as in the
moraine area at Nyanget. The fraction of activity in the mineral soil layer is surprisingly high,
30-50 %. Other investigations in the Hille area has shown that in 1991, only 20% had reached
the mineral soil(Moberg 2000).

moraine

vegetation humus mineral soil

Fig 8. The depth distribution of Cs-137 in a mixed coniferous forest soil in Hille(moraine).

Table 3. Data for the two soil profiles in the moraine area (S.D.=10%).

Vegetation
Humus

Mineral soil

Sample 1
Bq/m2

3584
86458
89039

Sample 2
Bq/m2

8515
72953
38333

12



Spruce forest, moraine
The spruce forest contained planted spruces in rows. There was not so much understorey
vegetation because of the spruces that darkened the ground. The distribution in the soil in the
spruce forest peaks at 5.5 cm in the mineral soil. As much as 94 % is found in the superficial
layer of the mineral soil fraction (fig 9, table 4).
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Fig 9. The depth distribution of Cs-137 in a spruce forest soil at Verkmyran. Sample 1 is the dashed line and
sample 2 is the straight line.

Table 4. Data for the two soil profiles in the Spruce, moraine area (S.D.=10%).

Soil depth (cm)

vegetation
4-6
6-8

8-10

Sample 1
Bq/m2

7094
73587
24257
14620

Sample 2
Bq/m2

1827
44554
17623

13



Grass
The grass area is an old cultivated nutritious soil consisting of herbaceous plants such as
stinging nettle and grass. In the grass area 137Cs peaks are at about 3 cm depth (fig 10, table
5).
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Fig 10. The depth distribution of 137Cs in a grass area at Verkmyran. Sample 1 is the dashed line and sample 2 is
the straight line.

Table 5. Data for the two soil profiles in the grass area (S.D.= 10%).

Soil depth (cm)

0-2
2-4
4-6
6-8

Sample
Bq/m2

1

30433
33092
29439

Sample
Bq/m2

2

15074
23231
13959
2520

* -»J- - " i>-«v
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Nydnget, Vindeln
The Nyanget cathment has been desribed elsewhere (Bishop 1992, Nylen 1996). The plant
species characterising the Nyanget region are not very numerous. Two species mainly form
the tree layer, the Norway spruce (Picea abies (L), Karst) and Scots pine (Pinus sylvestris).
The latter displacing spruce (discharge areas in the forest) in drier areas. The field layer is
commonly formed by bilberry (Vaccinium myrtillus (L)), displaced by red berries (Vaccinium
vitis-idaea (L)) in areas with effective drainage while Crowberry (Empetrum nigrum (L)) and
Hether (Calluna vulgaris (L)) dominates in dry regions with high C/N ratios. Lichens and
mosses are the dominant ground cover in the studied forests. Lichens dominate in dry pine
forests and are mainly composed of Cladina species. Mesic mosses dominate in the spruce
forests and are displaced by swamp mosses (Sphagnum spp) in areas with bog associations.
The mires are in the drier fractions (mire) inhabited by scattered Scots pine and dwarf shrubs
on a ground stratum of swamp mosses forming tufts while the wetter fractions (open mire) are
characterised by cyperaceous plants on a ground stratum of dead peat or Swamp mosses, not
forming tufts.
The survey of 137Cs in Nyanget is shown as an extrapolation of the backpack data (fig 11). A
trend in higher deposition in the west to east direction can be noted as well as lower values on
the mire. The lower values in the south-east part are explained by the low activity on the road.

AMobila
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Fig 11. Interpolation of the back pack measurement of Cs in the Nyanget area.
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Nyanget

discharge areas in
the forest

• Cs-137kBq/m2
• K-40Bq/kg/10
• Th-232 Bq/kg
D U-238 Bq/kg

-60.0 J

Fig 12. The results from the backpack measurements in Nyanget

Results from the backpack measurements of 147Cs, 40K, 2 3 2Th and 2 3 8U are shown in fig 12.
The large standard deviations for Th and U are due to both low counting statistics and
variations within each area. There is a trend in activity between the different biotopes. In all
chases the values are higher in the forests (moraine and discharge area) than in the mire.
Further more there seems to be a similar trends between the nuclides. However 2 3 8U shows an
increase in the "discharge areas in the forest" that is not seen for the other nuclides.
The measurements from In the Nyanget catchment was arranged into four different biotopes
(figure 12). According to an ANOVA analysis of variance there is no significant difference in
ground deposition between the biotopes. This was not the case in 1989 when Moraine had the
same content as discharge areas in the forest. The total relation were:

Moraine = discharge areas > mire > open mire

Nyanget

50000

О
20000 -

• ц -
• I

11

D Ьаскраск-Gavle cal
В backpack-FOA cal ]
• soil samples 1989
Dsoil samples 2000

discharge areas
in the forest

open mire

Fig 13. Results from backpack and soil sample measurements in Nyanget.
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Furthermore a t-test between 1989 and 2000 for the mire shows a significant increase in
activity in 2000, p<0.015. This can be a true increase but can also be caused by differences in
the position for sampling between the years,

Soil profiles in Nyanget

A map where the places for the soil samples are marked is shown in fig 14. Three soil profiles
were taken at each place. Table 6 indicate that there are no clear trends in activity distribution
along the transects. It can also be noted that the activity in stream sediments seems to be
similar to that in the soil profiles.

Open mire
Ш Mire
Щ Discharge areas
Щ Recharge areas

Groundwater
tubes
Surface water
wiers

Figure 14. Map of Nyanget with the soil sample positions indicated.
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Table 6. Data for the soil profiles in Nyanget. The header and the

1

2

3

4

5

6

7 (the stream)

A (Bq/m2)
17857±
3060
15811±
3506
18260 +
4800
19596 +
10870
19883±
2926
13251 +
1498
13525 +
757

В (Bq/m2)
14883 +
3587

22475 ±
2539
14581 +
3091
8919 +
3005
16064±
1062

С (Bq/m2)
16691±
4300

15369 +
1392
16209 +
7842
14833 +
3236
17545 ±
3197

first column refer to the figure above.
D (Bq/m2)
12708±
2800

15902±
4144

E (Bq/m2)
19061+
6970

F (Bq/m2)
19203 +
2200

18



Moraine
The distribution of 137Cs in the moraine was 3 % in the vegetation, 56 % in the humus layer
and 40 % in the mineral soil layer (fig 15, table 7). This is in good agreement with the data
from Hille (Verkmyran) coniferous forest sites.

Moraine

100

.20 J

Figure 15. The depth distribution of Cs in stratified soils in coniferous recharge areas and hillsides on moraine.

Table 7. Data for soil profiles taken in stratified soils in coniferous recharge areas and hillsides on
moraine.(n=18).

Vegetation
Humus
Mineral soil

Bq/m2

422
9016
7999

S.D.
528

3226
7121
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Discharge areas in the forest
In the discharge areas in the coniferous forests the soil consists of deep organic layer on
mineral soil. In this type of soil the largest activity of 137Cs was in the humus layer, about 65
%. In the vegetation 9 % of the activity was found and in the mineral soil 25 %(fig 16, table
8).

Discharge areas in the forest
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Figure 16. The depth distribution of '" Cs in coniferous discharge areas.

Table 8. Data for soil profiles taken in coniferous discharge areas.(n=26).

Vegetation
Humus
Mineral soil

Bq/m2

935
10199
4146

S.D
464

4405
3226
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Mire
In the mire 16 % of the 137Cs activity was found in the vegetation, 72 % was found in the first
10 cm layer and 12 % in the second 10 cm layer (fig 17, table 9). The distribution in the mire
has not changed so much since earlier measurements.

Mire
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Fig 17. The depth distribution of Cs in the mire.

Table 9. Data for soil profiles taken in the mire, (n= 12),

Vegetation
0-10 cm
10-20 cm

Bq/m2 S.D.
3228 3251
11427 5205
2232 1890

21
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