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Editorial 

More than thirty years after the Chernobyl accident: What do we know about the effects of 
radiation on the environment? 

The year 2016 was the 30th anniversary of the world’s worst nuclear 
accident at the Chernobyl nuclear power plant (Ukraine). To mark this 
anniversary, a workshop was held in Chernihiv (Ukraine) to discuss 
what we have learnt from studies of the effects of radiation on the 
environment (i.e. wildlife) in the Chernobyl Exclusion Zone (CEZ), and 
what questions remain. 

The workshop was held because of the lack of consensus on the 
impacts of radiation on wildlife in the CEZ (e.g. Beresford and Copple-
stone, 2011; Møller and Mousseau, 2016). There are a comparatively 
large number of publications, which report observed detrimental effects 
of radiation on wildlife at comparatively low dose rates. To put these low 
dose rates into context, some studies report radiation induced effects 
below natural background exposure rates of wildlife in, for instance, the 
United Kingdom. A similar debate is beginning to evolve with respect to 
observations made within the vicinity of Fukushima (e.g. Beresford 
et al., 2012; Copplestone and Beresford, 2014; UNSCEAR 2106). 

Radiation effect studies of wildlife in the CEZ receive relatively high 
coverage within the media. However, the lack of scientific consensus is 
difficult to communicate to the public and indeed impacts on the cred-
ibility of radioecology. We are aware that the low dose rates at which 
effects are being reported present ‘problems’ for regulators/interna-
tional bodies, as they challenge existing dose rate benchmarks used in 
radiological environmental impact assessments. 

We attempted to achieve a wide spectrum of participation within the 
workshop with participants, not only from the fields of radioecology/ 
radiation protection, but also from regulatory organisations, nuclear 
related industries, an NGO (see Sutcliffe, 2019a,b this issue), the media, 
chemical ecotoxicology (Spurgeon, 2019 this issue) and social sciences 
and humanities. We also aimed to ensure participation of scientists from 
Ukraine and Belarus (see papers presenting new studies in this issue 
(Burdo et al., 2019; Kashparova et al., 2019; Morozova et al., 2019) and 
Japan. A summary of the workshop discussions and abstracts of all 
presentations can be found in Barnett and Welch (2016); this issue of 
Journal of Environmental Radioactivity contains papers associated with 
some of the presentations made at the workshop. Here we will sum-
marise the recommendations of the workshop and link these, where 
relevant, to the papers in this issue. 

Recommendations - improving field studies and there interpretation  

1. The results from field studies reporting substantial effects at low 
dose rates cannot currently be used in the derivation of bench-
marks values for use in regulatory assessment (derivation of 
benchmarks must take a rigorous approach (Real and 
Garnier-Laplace, 2019 this issue). However, there was agreement 

that these data should not be dismissed, these ‘inconvenient 
truths’ need to be acknowledged (and the hypotheses they pro-
pose tested), and not ignored. This highlights the need to provide 
relevant and robust data for ecological protection (Hanson et al., 
2017). Current benchmarks are based predominantly on data 
from laboratory experiments. However, the extrapolation from 
laboratory to field data is a current topic of debate (Beau-
gelin-Seiller et al., 2019b this issue; Smith, 2019 this issue; 
Beaugelin-Seiller and Garnier-Laplace, 2019 this issue). 

2. Studies reporting effects at low dose rates need to be indepen-
dently investigated (e.g. repeating the studies although it may be 
difficult to persuade funding agencies of the need to do this). 

3. Exposure is often poorly determined. Many studies report (rela-
tively few) dose rate meter results, often in units which are not 
applicable to wildlife (e.g. Sv) (see discussion in Beresford et al. 
(2019a) in this issue). Use of dose rate meters may be acceptable 
as a marker of different contamination levels, but the limitations 
of their use need to be acknowledged in papers and results should 
not presented as actual exposure rates. This issue is discussed 
further in papers within (Beresford et al., 2019a this issue) with 
recommendations for improvements in field dose estimates being 
made (Beaugelin-Seiller et al., 2019a this issue). From measure-
ments at a site within the CEZ Beresford et al. (2019b this issue) 
demonstrate that ambient dose rates (as made by hand-held do-
simeters) may underestimate the actual dose rate for some or-
ganisms by more than an order of magnitude. 

4. Contamination is highly heterogeneous in the Chernobyl Exclu-
sion Zone and often too few measurements are made to even 
indicate a gradient of exposure with any confidence; there is 
rarely any error presented for dose rate measurements. Sufficient 
estimates of contamination, relative to the likely home range of 
the species being considered, should be made (see Beau-
gelin-Seiller, 2019a et al. this issue) the error on dose rate should 
be presented (this is rare in publications).  

5. Internal exposure is rarely determined and often not estimated. 
Internal dose rates could be determined for 137Cs and 90Sr at least 
by live-monitoring (e.g. see Beresford et al., 2019b this issue). If it 
is not possible to live-monitor, then transfer values specific to the 
CEZ are becoming available (e.g. see Beresford et al., 2019b this 
issue).  

6. External dose rates could be better estimated by fitting animals 
with dosimeters – these could be applicable for animals as small 
as large bee species. For mammals dosimeters are available which 
record dose rate as a time series. However, this obviously requires 
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recapture of a sufficient number of animals (with dosimeters) or 
some other means of collecting the dosimeters. Subsequent to the 
workshop such studies have been conducted and published 
(Aramrun et al., 2019; Hinton et al., 2019).  

7. If application of dosimeters is impractical then better external 
dose estimates could be made by determining radionuclide ac-
tivity concentrations in sufficient environmental media samples 
from an area representing that likely to be utilised by the species 
of interest and an estimation of dose rate made using a bespoke 
wildlife assessment model. Such an approach to estimate doses 
for a range of species at a site in the CEZ is described by Beresford 
et al. (2019b, this issue).  

8. It must be recognised that in some cases any effect observed may 
be the consequence of much higher dose rates in the past – i.e. the 
exposure history of the organism or species needs to be consid-
ered. With respect to the CEZ, the need to consider site history 
was highlighted. For instance, the highest exposure rates in most 
papers must have been determined in the Red Forest, though this 
is often not acknowledged in papers. Nowhere else in the CEZ is 
likely to give rise to dose rates >100 μGy h� 1). However, the Red 
Forest is an area that was coniferous forest which was killed by 
high radiation in 1986. It has slowly been recolonised by less 
radiosensitive species such as birch along with understorey 
vegetation and is of poor habitat quality. This is, therefore, a very 
different habitat to the rest of the CEZ. Furthermore, the Red 
Forest is relatively close to the Chernobyl NPP and hence some 
areas are subject to some human disturbance. These issues are 
explored further in Beresford et al. (2019a this issue). The fact 
that the Red Forest is a unique ecosystem is not acknowledged in 
the vast majority of papers that use data from it to derive radia-
tion effect relationships.  

9. The often reported statistically ‘significant’ relationships in the 
literature do not necessarily demonstrate a causal effect. A sig-
nificant statistical relationship does not necessarily have real 
world relevance (many of the reported significant relationships 
have poor R2 values). Issues around the statistical interpretation 
of field effects studies are discussed in Beresford et al. (2019a this 
issue). 

10. Future studies should have appropriate controls (this is not al-
ways the case in studies published to date). Control sites may be 
in or out of the CEZ depending upon the context and purposes of 
the study.  

11. Researchers must publish studies showing no-effects recognising 
that such studies are unfortunately unlikely to be published in 
high profile journals (as studies reporting effects often are). 
However, it is critical that such data are made available so that 
they can be included in overall evaluations of risk to wildlife from 
ionising radiation.  

12. Working in the CEZ (and Fukushima area) is often a matter of 
achieving what you can on a limited budget during a limited field 
visit period. This was recognised as being a ‘fact of life’, however, 
when writing-up such studies, authors must be clear about the 
limitations of their work. This also supports the argument for 
collaborative fieldwork between research teams from different 
international institutes (e.g. see Beresford et al. (2019c, this 
issue) which discusses collaborative programmes in the CEZ).  

13. The workshop strongly recommended that data from radiation 
effects studies are made openly and freely available – there are 
now a number of mechanisms whereby this can be done using 
‘data centres’ or on-line data repositories. Making data available 
is a requirement of many journals and funders, though currently 
is not rigorously adhered to. Two datasets for the CEZ have been 
published associated with the workshop (Beresford et al., 2018; 
Gaschak et al., 2018) and more are being made available (e.g. see 
https://tree.ceh.ac.uk/content/tree-publications-and-datasets). 
If underpinning data from the field studies are made available a 

significant step would be made to addressing the disagreement on 
the magnitude of effects due to exposure to ionising radiation 
observed in the CEZ/Fukushima areas by enabling its 
re-evaluation by others.  

14. There is a need to be able to link effects observed at the individual 
level (including molecular and biomarker results) with popula-
tion level effects, given that populations are usually the endpoint 
of environmental impact assessments.  

15. We need to improve communication on issues around the effects 
of radiation on the environment with stakeholders including the 
public and media. As a result of inviting active media participa-
tion in the workshop a number of public focused articles were 
published (e.g. Pearce, 2016; Massey and Stacey, 2017; Stacey, 
2017). 

Towards solving the scientific controversy 
Interpretation of effects studies in the CEZ remains an area of con-

troversy (e.g. see Beaugelin-Seiller et al., 2019b this issue; Smith, 2019 
this issue; Beaugelin-Seiller and Garnier-Laplace, 2019 this issue).Sub-
sequent to the workshop discussed above a second, linked, event was 
held (https://www.ceh.ac.uk/news-and-media/blogs/what-are-effects- 
radiation-wildlife-discussing-results-chernobyl) for scientists who had 
been collaborating in studies within the CEZ through the UK funded 
TREE project (https://tree.ceh.ac.uk/) and activities supported by Eu-
ropean Radioecology ALLIANCE (http://www.er-alliance.eu/) mem-
bers. This resulted in a statement paper outlining research needs (taking 
forward the above recommendations) with respect to the effects of 
ionising radiation on the environment which is published in this issue 
(Beresford et al., 2019c this issue). 
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