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Activity ratios of thorium isotopes

in living species compared with other

environmental samples
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Abstract. The paper presents the results of alpha spectrometric measurements of **Th/?*Th and *°Th/*?*Th activity
ratios for many samples of some living species analyzed within last years in our laboratory within different projects.
The results were compared with typical values for soil or other non-biological samples. All results were obtained by

means of alpha spectrometry.
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Introduction

Since about ten years our laboratory is conducting
studies on the determination of Pu in many environ-
mental samples, among them also the biological ones.
Plutonium results were already discussed elsewhere [1,
4,5, 8-21, 27]. In the course of radiochemical proce-
dure for plutonium separation a thorium fraction was
separated for each sample. Since we had not used any
thorium tracer in the past, thorium activities were not
determined. However, always alpha sources were pre-
pared and then measured. This produced a relatively
large archive of thorium alpha spectra from which one
can study activity ratios of thorium isotopes. Two ratios
seems to be interesting. The first is the **Th to **Th
activity ratio. Both these isotopes are the Th-series
members and, therefore, one might expect equilibrium.
Usually this is not the case.

Another subject is the activity ratio between **Th
and **Th. One can tell that there is no relation between
these two isotopes and, therefore, this ratio should not
bring any information. The first isotope belongs to
the U series, it is a decay product of **U. The second
one is just a primordial parent of the Th series. So, one
can expect, that this ratio will generally reflect the
activity ratio between the U and Th series for a given
environment. However, this ratio might be modified by
weak effects and this possibility should be taken into
consideration.

Material and method

Biological samples were originating from many differ-
ent organisms (mammals and birds, invertebrates, plant
and mushrooms) as well as from geological samples (air
particles, soil, sediments) collected in Poland, Antarctic
and Belarus. In case of vertebrates the analyzed material
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were bones. For plants, twigs and leaf/needles were the
main kind of sample. In case of mushroom they were
fruiting bodies. The whole bodies were taken in case
of invertebrates.

All samples were ashed at 600°C in a muffle oven,
then were wet-mineralized in different chemical pro-
cedures, depending on the kind of matrix [1, 4, 5, 8-21,
27]. Dissolved samples in 8 M HNO; were loaded on
an anion exchange column filled with Dowex-1 resin.
Thorium was then eluted from the column using con-
centrated HCI. It was evaporated to dryness, dissolved
in 2.5 ml of concentrated HCI, diluted with de-ionized
water to 10 ml, transferred to a plastic vessel and washed
to obtain finally about 20 ml of approximately 1 M HCI
solution. Then, a thin alpha spectrometric source was
produced using the NdF; co-precipitation method [24].
Sources were measured using alpha spectrometers
Silena AlphaQuattro or Ortec 576A, both equipped
with silica implanted or surface barrier detectors.

Results and discussion

The main statistical parameters for the results of
alpha s;)ectrometric measurements of **Th/**Th and
“'Th/**Th activity ratios for many samples of living
species and geological samples analyzed within last years
(2001-2006) in our laboratory, within different projects
[1,4,5,8, 10-21, 27], are presented in Table 1.

In our past piloting studies [9] for the thorium
isotopic ratio ***Th/**Th within the Th series, a strong
disequilibrium was observed in not numerous cases of
plant and animal samples, whereas such disequilibrium
was not found in mushroom samples. This feature can
be understood if one would notice that there is **Ra
(and **Ac) between those Th isotopes within the Th
series (*"Th — **Ra — **Ac — **Th — ... — **Pb).
Since Ra is much more mobile in the environment
than Th the transfer factors of radium for both plants
and animals are higher than the transfer factor of Th.

Therefore, it is radium, which is uptaken by plants or
by animals, not Th. Then, **Ra decays to **Th by two
subsequent beta decays and we see **Th in the sample.
Mushrooms apparently do not incorporate Ra, and,
therefore, elevated levels of “*Th are not observed.
Such a mechanism was proposed for interpretation,
and a current study was undertaken to gather more
data on this topic.

For analyzed air filters or samples of atmospheric
precipitation, one can notice a tendency to equilibrium
within the thorium series, between **Th and its grand-
granddaughter, **Th. The activity of thorium isotope
from the Th series (**Th and **Th) is lower than the
thorium from the uranium series (*'Th). This suggests
a higher activity of U series than the thorium series in
arable soils, whose aeolian erosion is expected to be the
main source of those radionuclides in atmosphere. The
results are typical only of our local geological condi-
tions. In other regions of the earth the activity ratios
**Th/?*Th and *’Th/**Th may be different [6].

Results on **Th/**Th activity ratio for the examined
forest soil, litter or peat show values close to 1. This
means that the secular equilibrium conditions were
there almost fulfilled. However, all plant samples,
like bilberry (Vaccinium myrtillus), swamp sawgrass
(Cladium mariscus) [7], twigs and needles of Norwe-
gian spruce (Picea excelsa) or pine (Pinus sylvestris)
confirm the observed previously strong disequilibrium.
These samples represent quite different plants. For all
of them, the activity ratio **Th/**Th is much greather
than 1. This is opposite of moss and lichen and this
suggests that moss similarly to lichens takes the analyzed
radionuclides directly from atmospheric deposition,
not from the soil. The analyzed moss and lichens origi-
nated predominantly from the Antarctic environment,
but the mosses from the Tatra Mountains show similar
properties.

Another biological samples analyzed in our labora-
tory were invertebrates, and within this set the majority
were dung beetles (Anaplotrupes stercorosus). In this

Table 1. Statistical parameters of activity ratios **Th/**Th and *Th/>*?Th in analyzed samples

Number of Activity ratio Activity ratio
No. Kind of sample analyzed 28Th/**Th 20ThH/22Th
samples Meanvalue +SD  Median Meanvalue +SD  Median
1 Air filters (Poland) 27 0.99 0.10 1.01 1.43 0.11 1.41
2 Rainwater (Poland) 4 0.85 0.23 0.84 1.30 0.27 1.33
3 Fe/Mn deep ocean clusters 8 0.98 0.11 0.93 3.60 1.65 4.03
4 Sediments from bottom of lakes (Poland) 22 0.92 0.28 0.99 1.01 0.18 0.98
5 Soil - Tatra Mountains 31 1.00 0.46 0.92 1.43 1.37 0.88
6  Soil — Gorce Mountains 33 0.90 0.20 0.97 0.83 0.18 0.77
7  Peat — Tatra Mountains 8 1.05 0.11 1.02 1.28 0.20 1.25
8  Forest litter (Poland) 12 0.97 0.13 0.93 1.04 0.20 1.05
9 Bilberry leaf (Poland) 5 11.50 6.80  10.40 1.24 0.39 1.08
10  Swamp sawgrass (Poland) 3 5.60 0.47 5.74 1.01 0.10 1.03
11 Bark (spruce or pine) 5 1.83 1.01 1.70 1.47 1.01 0.99
12 Needle of spruce — Tatra Mountains 28 3.90 2.43 3.26 1.08 0.56 1.16
13 Moss (Antarctic) 4 1.11 0.27 0.99 1.03 0.15 1.00
14 Lichen (Antarctic) 3 0.95 0.56 1.10 0.85 0.05 0.83
15 Invertebrates (mostly beetles) 17 0.67 0.45 0.53 1.01 0.34 0.94
16  Bones of foxes 15 44.90 70.90  16.70 2.84 4.59 1.28
17  Bones of birds 7 2.77 3.06 1.57 0.87 0.35 0.86
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case the **Th/”*Th ratio was typically below 1, which
might suggest that radium is rather not accumulated
but thorium is accumulated. This was also confirmed
by the presence of *"Th from the U series. However,
one of the important differences between beetles and
other analyzed animals is the much shorter lifespan of
invertebrates, which makes the ingrown of **Th from
*®Ra decay less important.

Among the analyzed samples of animal bones, two
groups of animals are distinguishable. They concerned
different birds of prey and carnivorous mammals (foxes).
In both cases the activity ratio of **Th/**Th is much
higher than 1, which can be explained by accumulation
of ?®Ra in bones. Moreover, the bones of a fox have
this ratio significantly higher than that of birds of prey.
The activity ratio of **Th/**Th is different for those
groups. For birds, the ratio is close to 1, whereas for
foxes is not. We have not any good explanation for this
observation yet. The main pathway of incorporation of
radionuclides are inhalation and ingestion. Since both
birds of prey and foxes are carnivorous, the difference is
likely resulting from the different inhalation exposure.
It can be also affected by the age of animals and the
differences in metabolism.

The ratio of thorium from the U and Th series, and
the activity ratio (**Th/**Th) for organisms seems to be
usually higher than that of the non-living surrounding.
Perhaps the mechanism is similar to such that makes
the activity ratio of “*U/”"U in water higher than 1 [22,
25, 26]. The **U is more soluble than “*U due to the
alpha particle decay preceding its formation. The **Th
in minerals is mainly encapsulated into grains, there-
fore it is not bio-available, whereas **Th comes from
both: encapsulated in minerals or more leachable one,
coming from the decay of that additional **U present
in the water in soil.

One of the more exotic group of samples analyzed
in our laboratory were Fe-Mn deep ocean clusters
(known also as Fe-Mn nodules). They originated from
the depth of about 4 km in the Pacific Ocean, 400 km
apart from Fiji island. The examined clusters showed
equilibrium conditions within Th series and an three-
four fold excess of **Th activity compared with that of
*Th. This suggests that heavy radionuclides (Th, U)
are incorporated from seawater, where the uranium
activity is much higher than that of thorium [2, 3, 23,
28]. Then, uranium decays to thorium which results in
the ratio **Th/**Th much higher than 1.

Conclusions

A strong thorium isotope disequilibrium within the
Th series (**Th/*’Th ratio) was confirmed for all
the examined samples of different parts of higher plants
and animal bones, whereas such disequilibrium was
not found for lichen and moss. In the past, the disequi-
librium was also not observed for mushroom samples.
All this confirms that **Th observed in the majority of
biological samples is incorporated as **Ra and, since
Ra is much more mobile than Th in the environment,
the transfer factors for radium for both high plants and
animals are much higher than the transfer factor for
Th. Therefore, it is radium which is uptaken by plant or

animal, not Th. Subsequently, **Ra decays to **Th and
the latter is observed in the examined samples.

In case of moss or lichen not favourable intake of
Ra exist, suggesting a passive accumulation of those
radionuclides from atmosphere.

The much higher activity of **Th than thorium form
the Th series was observed in deep ocean clusters which
resulted from the incorporation of radionuclides from
seawater, where the excess of uranium over thorium
is obvious.

The ratio of thorium from the U and Th series, and
the activity ratio (*Th/”*Th) for organism seems to be
usually higher than that for the non-living surrounding.
Perhaps the mechanism is similar to such that makes
the activity ratio of **U/**U in water higher than one.
The **Th in minerals is mainly encapsulated into grains,
therefore it is not bio-available, whereas the 2"Th comes
from both: encapsulated in minerals or more leachable
one, coming from the decay of that additional **U
present in the water in soil.
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