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Abstract

This report provides new information on Po-210 (and where appropriate its
grandparent Pb-210) behaviour in environmental systems including humans. This
has primarily been achieved through measurements of Po-210 in aquatic and
terrestrial environments that has led to the derivation of information on the levels
of this radioisotope in plants, animals and the biotic components of their habitat
(i.e. water, soil) providing basic information on transfer where practicable. For
freshwater environments, Po-210 concentration ratios derived for freshwater
benthic fish and bivalve mollusc were substantially different to values collated
from earlier review work. For terrestrial environments, activity concentrations of
Po-210 in small mammals (although of a preliminary nature because no
correction was made for ingrowth from Pb-210) were considerably higher than
values derived from earlier data compilations. It was envisaged that data on
levels of naturally occurring radionuclides would render underpinning data sets
more comprehensive and would thus allow more robust background dose
calculations to be performed subsequently. By way of example, unweighted
background dose-rates arising from internal distributions of Po-210 were
calculated for small mammals in the terrestrial study. The biokinetics of polonium
in humans has been studied following chronic and acute oral intakes of selected
Po radioisotopes. This work has provided information on gastrointestinal
absorption factors and biological retention times thus improving the database
upon which committed effective doses to humans are derived. The information
generated in the report, in its entirety, should be of direct relevance for both
human and non-human impact assessments
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Table 4.1. Observations of 2?Th and 2*®U decay series radionuclides from Beresford et al., 2007.

Po-210 Pb-210 Ra-226 Th-230 Th-232 U-234 U-238
Duck no data no data no data N<10 N<10 no data no data
Pine tree N <10 N<10 N <10 N<10 N<10 N <10 N<10
Wild grass N<10
All mammals no data N<10 N<10 N<10
Deer N<10 no data no data no data no data no data no data

4.3  Experimental studies of 210Po in small rodents

4.3.1 Sampling area

A field study was planned and implemented at Dovre, Central part of Norway (62°17' N, 9°36' E)
during the period 17-20" June 2007 (Figure 4.1). The field study was conducted within a designated
Landscape-protected area near to Kongsvold adjacent to Dovrefjell-Sunndalsfjella National Park. This
study site was selected primarily on the basis that it forms part of the network for Monitoring
programme for Terrestrial Ecosystems (TOV) in Norway, led by the Norwegian Institute for Nature
Research (NINA), and concerning, inter alia, effects of pollution on plants and animals and chemical
and biological monitoring. In this way, a large dataset of ancillary information would be available
facilitating any subsequent interpretation of results. Furthermore, by connecting this field programme
to ongoing studies, associated costs could be reduced.

Eight soil profiles were collected during the field expedition. These profiles were split into an
overlying humus layer and thereafter 3 cm (predominantly mineral soil) increments to a depth of 9 cm
using a custom-designed soil corer. This was undertaken with a view to enabling analyses of the
activity distribution of radionuclides with depth. Baited traps were used in the collection of various
small mammals including Bank Vole (Clethrionomys glareolus) and the Common Shrew (Sorex
araneus). Plant samples including samples of bilberry (Vaccinium myrtillus) and 2 species of lichens
(e.g. Cladonia stellaris and Cladonia arbuscula) were collected by hand. Finally, samples of two
earthworm species (Lumbricus rubellus and Aportectodea caliginosa) were collected in areas of brown
earth using a spade.

Dovrefjell-Sunndalsfjella
National Park ———3

Norge
Monway

Eegen

{slo
(5}

Fredrikstad

50 mi o
| 100km o @008 Google - Map deta ©2008 Tele Atids

Figure 4.1. Sampling location — Dovrefjell-Sunndalsfjella National Park
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4.3.2 Analyses of 19Po and 270Pb

A detailed description of the analysis of polonium in the samples is given in Chen et al., 2001.
Samples were measured at the RIS@ National Laboratories in Denmark. Briefly, the freeze-dried
material (2-10g) was added to a semi-closed glass flask, ***Po and a known amount of stable Pb (5-
10mg) added as yield determinants for '°Po and *'°Pb respectively. The sample was completely
dissolved using a mixture of HNO;, HCI and H,0,, evaporated to near dryness and polonium plated
onto silver discs in a weak hydrochloric solution. The discs were then analysed without delay using
solid state PIPS-detectors. The solution remaining after plating onto the Ag-discs were rinsed from
remaining traces of polonium using TIOA-extraction in 10M HCI. The aqueous phase containing Pb
was set aside for *'°Po ingrowth. Yield recoveries were in the range of 63 to 88 %. The overall
uncertainty in the small mammal measurements are estimated to be in the range 10 to 20 %.

4.3.3 Results

Only preliminary data for small mammals were available at the time of writing of this paper. When
deriving activity concentrations of *'°Po for the time of sampling, a simple decay correction procedure
cannot be used because the >'°Po attributable to the whole body of the samples at the time of analysis
is likely to be comprised of activity remaining from the decay of unsupported *'°Po and a component
arising from ingrowth via *'°Pb (between the time of sampling and the time of analysis). Essentially,
we can assume that some *'°Pb is present in the samples (organs within the body such as the liver are
known to accumulate stable and therefore radioactive lead) and that the in situ decay of this
radioisotope is contributing to the activity measured at the time of analysis.

Since only *'’Po results were available at the time of writing of this chapter, the results reported here
(provisionally decay corrected to date of sampling) are of a preliminary nature only. Once the level of
*1%Pp has been determined for the samples, the unsupported activity concentration for *'’Po at the time
of sampling can be determined precisely.

100+

60

40 - M -

Po-210 (Bq/kg d.w.)

0 T T o T L R .
Shrew (M) Shrew (F)

Bank  Bank
Vole (M) Vole (F)

Figure 4.2. Po-210 activity concentrations in bank vole and common shrew. M= male and F =Female
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The preliminary data exhibit activity concentrations in the range 41 — 88 Bq kg d.w. for bank vole
%o and 22 — 84 Bq kg d.w. *'°Po for the common shrew (Figure 4.2). The non-parametric Mann-
Whitney test has been applied in order to determine whether data *'’Po activity concentrations in
shrew are statistically different to corresponding data for bank vole. The null hypothesis is that these 2
samples have been taken from a common population so that there is no consistent difference between
the 2 sets of data. Since there is no hypothesis concerning whether the mean rank of one population is
greater or less than the other, a two tailed test was considered appropriate.

Median activity concentrations of '°Po in bank vole (74 Bq kg d.w.) appear to be significantly
different to those determined for shrew (30 Bq kg d.w.). This is confirmed by the fact that the null
hypothesis can be rejected at the p < 0.008 level, i.e. the probability that the 2 sets of data come from
the same population is extremely low and it is reasonable to conclude that bank vole and shrew *'°Po
data constitute different populations with different mean ranks.

4.3.4 Discussion

Bank voles have a broad diet, which is mainly herbivorous, including fruit, soft seeds, leaves, fungi,
roots, grass, buds and moss. They may also occasionally take invertebrate food such as snails, worms
and insects may be eaten. The common shrew feeds on most terrestrial insects, but will also take
worms, slugs and snails. The statistical tests undertaken in this study appear to highlight the
importance of diet in terms of influence on body burdens of *'°Po. It appears that the primarily
herbivorous bank vole is accumulating higher concentrations of these natural radionuclides compared
to the insectivorous shrew. Because the metabolic rate of these small mammals is expected to be
fairly similar, relative to poikilotherms of similar size or homeotherms of different sizes, it may be
hypothesized that the biological half-lives for *'’Po in shrew and bank vole are also quite similar. If
this holds true, the activity concentration of *'°Po in the food consumed by these small mammals
would appear to be driving the differences observed.

The *°Po activity concentrations for the whole body of the bank vole and shrew are similar in
magnitude to activity concentrations determined for the muscle of reindeer, sampled at a site <100 km
distant at Vaga in Norway. At this location activity concentrations of 36 Bq kg d.w. in female
reindeer muscle and several hundred Bq kg d.w. in liver were determined (Skuterud et al., 2007).

The dry mass to fresh mass ratio was on average 0.3. This suggests median activity concentrations by
fresh mass of approximately 22 Bq kg™ f.w. on average for Bank Vole and 9 Bq kg” f.w. for the
Common shrew, albeit that these are preliminary determinations. These activity concentrations are
considerably higher than the levels reported in Beresford et al. (2007), where an activity concentration
of 0.09 Bq kg™' f.w. was reported for a category consigned the title “All mammals” and comprising of
32 assorted samples. Whether this discrepancy reflects the preliminary nature of the results presented
in this paper, differences (physiology, diet, habitat) between the mammals considered in the
aforementioned study and the present study or differences in deposition of *'°Pb between the study
areas, remains a subject for further investigation.

Unweighted dose-rates have been derived using the dose assessment methodology described by Brown
et al. (2008). No alpha radiation weighting factor has been applied because international consensus on
the magnitude of this value has not been attained despite the consideration of such values in the open
literature (see Chambers et al.,, 2006). Background radiation dose rates to Bank Vole (whole-body)
attributable to the presence of internally distributed *'’Po were calculated to be 0.07 pGy h™.

4.4 Experimental studies of 21°Po and 210Pb in viper and frog

Ritva Saxen and Lisa Outola, Radiation and Nuclear Safety Authority, Finland
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4.4.1 Samples

Some terrestrial biota samples were collected from the environments of Finnish nuclear power plants.
A sample representing amphibians, a frog (Rana temporaria) and a sample representing reptiles, a
viper (Vipera Berus), were taken from Olkiluoto.

4.4.2 Sample treatment

Samples of viper and frog were dried, homogenized, digested and analyzed as a whole animal.
Analytical procedure used in STUK to determine *'°Po and *'°Pb as described in the studies for the
freshwater environment - Chapter 3, above.

4.4.3 Results

Two parallel analyses were carried out on viper and frog samples (Table 4.2). Activity concentration
of *'°Po was higher than *'°Pb in both organisms. Total amounts of *'° Po and *'°Pb in the viper were
0.43 and 0.25 Bq and those in the frog were 0.12 and 0.065 Bq, respectively. Activity concentrations
of *'°Po and *'°Pb in soil were 38 and 41 Bq/kg f.w. Concentration ratios for viper and frog (Table 4.3)
were calculated using the soil concentration as the denominator in the CR calculations.

Table 4.2 Activity concentrations of “°Po and #°Pb in viper, frog and soil from Olkiluoto in 2007.

Sample | Latin name Dry matter | “°Po *1%9pp 21%pq *1%pp
type % Ba/kg Ba/kg Ba/kg Ba/kg f.w.
d.w. d.w. f.w. £ unc % +unc %
Viper Vipera Berus 24,75 20,90 13,05 5,17+ 17 3,23+ 17
24,75 21,84 12,09 5,41 +17 2,99 £ 17
5,29 3,11
Frog Rana temporaria | 29,15 5,65 3,39 1,65+17 0,99+ 17
29,15 5,88 2,98 1,71 £ 17 0,87 £17
1,68 0,93
Sail 92,75 42,87 42,48 39,8+ 16 39,4+ 16
92,75 39,73 46,05 36,9 £ 16 42,7+ 16
38,31 41,06

Table 4.3. CRs of Po and Pb for viper and frog (whole organism). CR = Bg/kg in organism / Bg/kg. in soil.
Fresh weight masses are used for both organism and soil when CRs are calculated as f.w. and dry weights are
used for both organism and soil respectively when CRs are calculated as d.w.

Organism CR £ unc %, (f.w.) CR +unc %, (d.w.)

210P0 210Pb ZlOPO 210Pb
Viper, Vipera Berus 0,138 £23 0,076 £23 0,517 0,284
Frog, Rana temporaria 0,044 +23 0,023 £23 0,140 0,072
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5 Polonium in man

Elis Holm, University of Lund, Sweden

5.1 Human data

Most data were produced during the 1960-170ies. We must the take into account that seldom semi
conductor detectors were used, i.e. the background was higher. Yield determinants such as 2%po or
*po were not used. One assumed almost 100 % recovery after 2 platings which is not true and
underestimates the concentrations with a factor of 10-30%

Results for *'°Pb are complicated by two factors, build up of *'°Po from 2'°Pb during storage of
samples and in vivo build up from ***Ra and *'°Pb.

The food-chain Lichen- Reindeer-Man has been investigated. The average concentrations for lapps of
%0 in lungs were about 200 mBq per kg wet weight, 670 mBg/kg wet weight in liver and 1100
mBq/kg wet weight in bone (Mussalo et.al, 1978). For non-lapps the concentrations were 114 mBq/kg
in lungs and 300 mBg/kg in liver. This can be compared with that (1965) found 440 - 550 mBqg/kg in
liver from non-smokers and 550 — 740 mBq/kg for smokers.

Hill(1966) measured *'°Po and *'°Pb in human placenta. The concentrations in persons eating large
amounts of reindeer products had 80 times higher concentrations (7,4 Bq/kg w.w.) than those who did
not consume reindeer products. The activity ratio *'°Po/*'’Pb was around 4. He also reported data for
for residents in UK. such as 600 mBgq/kg in liver, 650 mBq/kg in kidney 180 mBq/kg in lungs,
150mBg/kg in testis and 750 mBqg/kg in bone. Specific attention was given to radium dial painters.
Such workers had 10-280 times higher concentrations than non-exposed people with the highest for
hair (900 Bg/kg). Most investigations show that the main source for *'’Po in the body is food intake
and not by inhalation or cigarette smoking. However, Holtzman (1964) estimated that inhalation is a
significant source for *'°Pb in human bone.

The activity ratio in human bone *'°Po/*'°Pb is about unity (Holtzman, 1972) and he found activity
concentrations of about 400 mBq/kg w.w. in liver, 220 mBg/kg in muscle and 7000 mBg/kg (ash
weight) in bone. Cortical bone had lower concentrations than trabecular bone.

5.2 Intake and excretion of 210Po

The intake of *'°Po and *'°Pb was estimated to about 150 mBg/d (Beowulf et al., 1966). Hill (1965)
gave a range of 40-400 mBq/d with an average of 120 mBq/d for residents of UK. Interestingly he
also suggested that Po is associated with proteins especially those with the highest content of —SH
groups. The renal excretion of *'°Po from Northern Canadians varied from 15 to 440 mBq per day
(Holtzman and Ilcewicz, 1971) depending on if they were Indian, Caucasian or Eskimos. The
excretion rates of '°Pb were generally a factor of 2-5 lower.

Holtzman (1970) estimated the biological halftime of *'°Po in radium-dial painters to 7 years which is
extremely long compared to other estimations. In this case Polonium and Radiolead were supported by
the *°Ra in the body
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5.3 Experimental studies of polonium in man

The aim of the project was to establish radiobiological parameters, important in dosimetry, such as
fractional uptake parameter gastrointestinal absorption factors f; and biological retention times of
radioisotopes Po-209 and Po-210 in the body. If we could establish these radiobiological parameters it
would be possible to calculate or estimate the biological effect of Polonium to the human body.
Several studies have been made on polonium-210 in human body. Important parameters as
gastrointestinal absorption factors have been established in earlier studies with a wide range of results.
P.A. Thomas et al (2001) showed that a total ingestion of 20 Bq in Caribou meat resulted in a
maximum of 3.2 Bq/day in faecal excretion 4-6 days after intake and a maximum of 0.32 Bq/day of
urinary excretion 5-10 days after ingestion. From these results a GI factor of 0.56+0.04 was
established. ICRP has increased their reported GI factor from 10% (1979) to 50% (1993), which
according to other studies seems too small. G.J. Hunt et al (1993) reported values of GI factors in the
range of 0.6-0.94 with a mean of 0.76 after analyzing a study where 7 volunteers ingested crab meat
with a total Po-210 activity intake of up to 44.2 Bq. 10%-25% of daily rate faecal excretion and a
maximum urine excretion rate of 0.2%-0.3% was reported. In the 50ies Silberstein et al (1950)
published GI factor values as low as 0.1-0.3.

In the first part of the study one person was given 50 mBq of Polonium 209 with an oral intake
frequency of 24 hours. The goal of this part was to remain the intake frequency until constant
radioactive output from urine and feces was maintained, i.e. equilibrium of intake and excretion. 24h
urine samples were collected a few times every month until 320 days from the first intake. Then the
intake of *”’Po and urine sampling stopped and 24h faeces sampling for a week begun. The results
showed clearly a slow decreasing excretion of **Po in faeces in the range 0.59%-0.07% of consumed
activity. Urine samples analysis showed a fluctuating value of **’Po excretion with a maximum peak
value of about 1 % (ca 17.5 mBq/L) 40 days from the first intake. From this maximum the output
activity fluctuates between 0.85 mBq/L-15.91 mBg/L of total intake activity and tends asymptotically
against 5.78 Bq/day (5.50 Bq/L).

The next step of the project was to distribute an acute oral intake to two persons of 10 Bq and then
study the immediate body burden response by spectrometric analysis of urine and feces.

In the acute oral intake study, the maximum daily excretion rates in faeces of 18-50 % can be
measured 3 days after intake. Urine activity excretion measures an average of 0.15-1 % of ingested
activity after 2 days from intake.

These results indicate a GI factor of 0.50-0.75. These results correlate well with earlier biokinetic
studies of polonium in man.

All results from the studies are presented in figure 5.1 to 5.8.
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Figure 5.1. Excretion of Polonium 209 via urine from person #1 administrated 50 mBq per day.
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Figureb. 2. Excretion of Polonium 209 and Po 210 via urine from person #1 administrated 50 mBq per day.
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Figure 5.3. Excretion of Polonium 209 via faeces from person #1 administrated 50 mBq per day.
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