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14C in nuclear waste
 14C significant in terms of releases from deep

geological disposal

 Detailed knowledge about the long-term
environmental behavior and migration of
radionuclides is needed

 14C particularly important with respect to low and
intermediate-level waste material and spent fuel
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Introduction of project NATLAB-14C
 Deep geological waste disposal



Objectives of NATLAB-14C
O1) to determine the uptake of 14CO2 from below
ground sources into different plant species
characteristic for forests, agricultural and semi-
natural land areas, and peatlands

O2) to assess the 14C transfer from plants to grazing
animals (sheep, horse) and estimate 14C exposures to
human consumers

O3) to quantify the CH4 oxidation rates in both
upland and wetland soils

O4) to develop and enhance assessment-level models
on the fate of gaseous 14C from belowground sources,
including the representation of the chemical forms
by which 14C would enter the biosphere, uptake into
plants, consumers and exposures to humans, in the
Ecolego software

Workpackages



Field visit to Iceland in June 2021
Results



 Master student: Pinja Jyllilä
 Topic: Potential transfer of 14C from deep geological deposits following

release into biosphere



Sampling of plants from spruce forest
(trees and understory)

- analysis of 13C content



Sampling of CO2 emissions and
analysis of 13C content in CO2



Pinja Jyllilä, Master Thesis, 2022

Results: significant correlation (in circles) means significant uptake of 14C from
deep geological sources
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Discussion
 In the plant samples the portion of belowground source of

carbon differed between 0 to 15 % depending on the plant
species and plant part.

 The maximum portions found (15%) were higher than the
previously assumed transfer rates, but some plants showed
also no signs of carbon from belowground sources.

 There was no clear difference between different plant parts, but
some indication that uptake occurs primarily via roots.

 Uptake capacity seems to be plant-specific
 Since also trees were enriched with carbon stemming from

belowground sources, contamination of forest vegetations
could be significant in case of accidental or operational release
of 14C from nuclear waste deposits. This must be considered in
risk assessment models.



Results were included in Master
thesis of Pinja Jyllilä



Field visit to Iceland in July 2022
Results



 Master student: Katri Yla-Soininmaki
 Topic: Emissions of CO2 and CH4 and source identification along warming gradients

in geothermal areas of Iceland



Measurements
 Fluxes of CO2 and CH4 with LI-7810

CH₄/CO₂/H₂O Trace Gas Analyzer

 Isotope samples
 Surface fluxes with chambers (FN),

and soil profiles (5, 10, and 20 cm)

 Soil samples, soil water (lysimeters)
and geothermal vents
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13CO2 emissions

Site emits large amounts of 13CO2, particularly in the mid-
temperature range, and is thus an ideal model site for
radioecological studies

Maljanen et al., Icelandic Agr. Sc., 2019
Jyllilä, UEF, 2022



13CH3 is oxidized in nearly all plots, apart from the hottest plots where
emissions are too strong and 13CH4 emissions are too strong



Assessment modelling
 Establishment of assessment-level (i.e.,

reasonably stylised) transport model with
associated dose calculations for 12C, 13C and 14C as
adapted to the site and site data

 Based on soil–plant model “SSPAM14C”
developed for SSM (Limer et al., SSM 2013:10),
the atmosphere-plant model developed for SKB
(Avila & Kovalets, SKB R-15-09), and a typical
specific-activity model for food-chain transport
(Davis et al., IAEA TECDOC-1616)

 Elaboration of compartmentalisation of the soil
layers based on general advection–diffusion
equations as used also by Posiva and SKB in their
assessment models
 Increasing the number of soil

compartments from one to three to
match with site properties
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Plans for future

 UEF was granted academic membership in Bioprota
 Poster presentation in NKS seminar ‘Nordic Nuclear Safety: Research, Operations

and Beyond’, Stockholm, Sweden, May 2022
 Poster presentation at ICRER conference in September 2022

Other achievements

 Calibration of risk assessement models
 Incorporate landscape aspect
 Transfer of 14C into aquatic ecosystems and wetlands
 Analyze 13C data from animal hair (sheep)
 Establish stronger links with process-based biogeochemical models
 Continue with this research with project of S. Maljesi in new SAFER program



Posters
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Introduction
Radiocarbon (14 C) is an important radionuclide for safety assessment
studies of radioactive waste disposal.

14 C can be released from a geological repository due to corrosion of
activated structural metals and decomposition of various organic materials
in the form of both dissolved and gaseous species (14CO2, 14CH4 or low
molecular weight organic compounds).

Accumulation of 14C into the terrestrial food web may occur after
assimilation of 14CO2 through plant photosynthesis, through microbial
utilization of 14C-bearing carbon compounds, or through direct uptake of
14C-containing water or soil-born 14C-species by plants and/or animals, and
through subsequent consumption of microbial biomass or plant material by
animals and humans.

Objectives of the study

Materials and methods
We test the suitability of volcanic-geothermal fields in the vicinity of
active volcanos in Iceland for studies on 14C transfer from belowground
sources into the biosphere.

We assume that the C forms released are characterized by a very
specific stable carbon isotope signature differing from that in plants and
aboveground air.

If so, a two-pool isotope mixing model is applied to reveal the fraction of
soil-derived C in ecosystem components, particularly plants

Acknowledgements: This study was supported by the State Nuclear Waste
Management Fund (Finnish Research Programme on Nuclear Waste
Management, KYT2022) and University of Eastern Finland (UEF).

Research problems with 14C study
14C has practically identical chemical characteristics to stable carbon.

It is methodically difficult to separate soil-derived carbon from plant-or air-
derived carbon fluxes.

Results and discussion
The findings confirm that δ13C values of CO2 from geothermal fluids are
characterized by a distinct stable isotope (13C) signature which can be used as
a proxy for 14C released from nuclear waste.

The δ13C values of the volcanic CO2 efflux was -4,7‰ and thus significantly
more positive than the δ13C values of any other biological component (-28‰)
and the air (-8 ‰). This difference can be used to further investigate
mechanisms and degree of uptake and subsequent trophic transfer in biota.

First results of the isotope analyses of plant tissues (grasses), growing in the
vicinity of geothermal fields indicate that CO2 from belowground sources is
also incorporated into the plants as opposed to photosynthetic uptake of air-
borne CO2 alone. The exact amount will be investigated in this study.
Incorporation of soil-derived C into plants highlights risks related to transfer
to 14C into food webs which need to be taken into account in risk assessment
models.

-5 ‰-28 ‰

Figure 2. Objectives of the study: WP1) to determine the uptake of 14CO2
from belowground sources into different plant species characteristic for
forests, agricultural and semi-natural land areas, and peatlands; WP2) to
assess the 14C transfer from plants to grazing animals (sheep, horse) and
estimate 14C exposures to human consumers; WP3) to quantify the CH4
oxidation rates in both upland and wetland soils; WP4) to develop and
enhance assessment-level models on the fate of gaseous 14C from
belowground sources, including the representation of the chemical forms by
which 14C would enter the biosphere, uptake into plants, consumers and
exposures to humans, in the Ecolego software.

Figure 4. δ13C values of the biological sources (blue =-28 ‰) vs. the
geological sources (yellow= -5 ‰)

Figure 3. The study site in volcanic- geothermal fields in Iceland

Figure 1. Types of ecosystems selected for studying the transfer of 14 C
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Introduction
Radiocarbon (14C) is known as one of the important radionuclides that
is released into the biosphere from nuclear power plants and
potentially also from radioactive waste repositories and nuclear fuel
reprocessing.
14C released from geological repositories into groundwater can be taken
up by soil organisms and organisms living in the neighboring aquatic
ecosystems (from sediment and water column).
Accumulation of 14C into food webs may occur after assimilation of
14CO2 through plant photosynthesis and subsequent consumption of
plants by other organisms or from soil/sediment through microbial
utilization of 14C-bearing carbon compounds.

To distinguish the contribution of soil-derived C from atmospheric C,
soil-plant system with natural differences in isotope signature was used
to separate the sources.

The aim of the study
The aim of this study is to investigate the contribution of sedimentary C
(field-collected sediment and peat) in common benthic dwellers in
Finland, chironomid larvae (Chironomus riparius) and blackworms
(Lumbriculus variegatus), in a microcosm study. The sediments used
were characterized by a specific 14C and/or 15N signature allowing to
examine the transfer of possibly contaminated sedimentary C as a
potential pathway into aquatic food chain.

Acknowledgements: This study was supported by the State Nuclear Waste
Management Fund (Finnish Research Programme on Nuclear Waste
Management, KYT2022).

The findings revealed insignificant contribution of sedimentary C in the organisms, despite
incorporation of the substrate into the animals as shown by the 15N values (up to 30% in
chironomids and 11% in L.variegatus).

The proportion of C originated from the peat was approximately 4% in the chironomids, while
no contribution was observed in L. variegatus.

Such insignificant contribution of sedimentary C could be attributed to availability and preference of
the fish food and other microorganisms (e.g., algae, bacteria, and protozoa) with more enriched C,
over the recalcitrant peat or the sediment with lower nutritional value.

Other parameters such as assimilation efficiency, elimination rate, gut passage time (GPT) and C
turnover rate are important in the rate of uptake. The mean GPT in chironomids is more rapid during
summer, being approximately 39 min at relevant temperatures (e.g., 16℃). Such rapid GPT results in
assimilation of only small portion of labile quality material, derived from dissolved organic matter,
which is mainly formed by microbes rather than recalcitrant sediment. This phenomenon might
explain the low assimilation of C, despite incorporation of the substrates into the animals (as shown
by the 15N values).

Smaller incorporation of the sediment than the peat in the studied organisms possibly suggests the
abundance of microorganisms in the sediment and leading to the assumption that it might be easier
for the individuals to find the food particles in the sediment than that of the peat.

The higher transfer of sedimentary C in the chironomids than L. variegatus may result from faster C
turnover rate in these animals by obtaining most of their body mass compared to L. variegatus.

These findings indicated that transfer of sedimentary C, could be a pathway in aquatic food
webs and its rate of uptake is relative to availability of old vs. modern sources of C as it was
observed by the selective diets of the organisms.

Figure 1. From left to right: Location of the study sites in Linnansuo and Paukkajanvaara, Eastern
Finland; Linnansuo peatland complex (ombrotrophic Sphagnum fuscum bog); Iso Hiislampi pond in
Paukkajanvaara;Experimental setup with benthic animals.

Figure 3. Contribution of δ15N from the substrate (peat and sediment) in benthic organisms (n= 5), (boxes). The δ15N
value is 5.97 ± 0.01 for the fish food, -0.06 ± 0.20 for the sedimentand -1.47 ± 0.04 for the peat.

Figure 2. Contribution of sedimentary C in freshwater benthic organisms (n=3 for Chironomus riparius and for
Lumbriculus variegatus), including 14C primary data (in pMC, percent modern carbon). Solid line represents fish food
pMC (102 ± 0.21) and dashed line represents pMC content of the peat (45.7 ± 3.51). * represents a statistically
significantdifference fromzero (judged by the 95% confidence interval). SEM = standard errorof the mean.

Materials and methods
Radiocarbon dating (14C analysis) of sediment, atmospheric CO2 and
animals by accelerator mass spectrometer (AMS).

The natural abundance of 15N of the samples by using an elemental-
analyzer coupled to an isotope ratio mass spectrometer (EA-IRMS).

Application of two-pool isotope mixing model to estimate the
proportion of sedimentary C in benthic animals.

Results

Discussion

* The duration of the experiment was 10 days (16:8 h light: dark photoperiod). The feeding level was
72 μL/beaker/day (0.36 mg/individual/day) recommended by OECD guidelines. N.D.= not
determined.

Water properties Temperature pH Oxygen level

20 ± 1°C 6.11-7.61 97%

Table 2. Water chemical properties
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Kiitos!
Thank you!
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