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Abstract.  Ionizing radiation is ubiquitous and all living things are, and always have been, exposed to naturally 
occurring radiation and radioactivity. In addition, human activities have enhanced the natural background levels 
of radiation and radioactivity globally and, in some cases, locally. Over the past ten or so years, numerous 
ecological risk assessments (ERAs) have been carried out for a number of sites involving enhanced radiation and 
radioactivity. The ERAs have examined a range of ecological receptors and have been performed using a variety 
of approaches, using different assumptions and reference radiation dose rates. A review of representative ERAs 
selected to encompass a wide range of activities (e.g. uranium mining, nuclear generating stations, waste 
management sites), locations (e.g. Canada, France, UK, Russia, U.S.A.) and ecosystems (terrestrial, freshwater 
and marine aquatic environments), was completed. The wide range of sites considered in this review demonstrate 
that the current system of radiological protection has provided an adequate level of protection to populations of 
non-human biota. 
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1. Introduction 
 
Ionizing radiation is ubiquitous and all living things are, and always have been, exposed to naturally 
occurring radiation and radioactivity. In addition, human activities have enhanced the levels of 
radiation and radioactivity both globally through fallout from above ground testing of nuclear 
weapons and locally through discharges of radioactivity to the environment from activities such as 
mining, offshore production of oil and gas, production of phosphate fertilizers and nuclear fuel cycle 
activities among others. 
 
Traditionally, radiation protection of the environment has been based on the premise that if people are 
protected, then “other living things are also likely to be sufficiently protected” [1] or “other species 
are not put at risk” [2]. Over the past decade, this view has been questioned in some situations, in 
part, because of increasing world-wide interest in environmental sustainability, and in part because of 
recognition of situations where non-human biota may be exposed but exposure to people is limited. 
 
In the spring of 2006, the World Nuclear Association (WNA) commissioned SENES to identify a 
representative set of ecological risk assessments (ERAs) that had been carried out throughout the 
world at sites with enhanced levels of radiation and radioactivity, and for a range of activities, and to 
comment on the main findings and conclusions from the selected ERAs. 
 
2. Case Studies 
 
In identifying representative case studies for review, an effort was made to identify ERAs across the 
nuclear fuel cycle sites and activities, sites associated with enhanced levels of naturally occurring 
radioactive materials (NORM), sites associated with the management and disposal of radioactive 
wastes, as well as the Chernobyl nuclear accident. In reviewing the ERAs, a number of factors were 
considered, including the nature of the activity, the kinds of radionuclides released, the non-human 
biota considered, the levels of radioactivity, the approach used, the main conclusions and key 
references. All of the case studies are described either in published scientific literature or within 
environmental assessments that have been thoroughly peer reviewed by national and or international 
authorities 
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The ERAs have been carried out using a variety of methods; which however were often based on the 
exposure and dose assessment methods reported by the International Atomic Energy Agency [3-8] 
and the reference radiation dose-rates below which no effects on populations of biota would be 
expected as reported by UNSCEAR [9].  More recently, a number of national and international 
initiatives have been undertaken or are underway in which the methods and data for ERAs for 
radiation have been investigated and revised methods and data proposed. Examples of this include 
Environment Canada/Health Canada [10], U.S. DOE [11], Framework for Assessment of 
Environmental Impact (FASSET) [12, 13] and ERICA [14]. 
 
A common approach to assessing effects on non-human biota is the use of a screening index (SI). The 
SI is simply the ratio of the estimated dose rate (to an individual non-human biota) to the reference 
radiation dose rate. The reference radiation dose rate refers to the level below which potential health 
effects to populations of non-human biota are not expected.  Such comparisons assume that the 
numerator and the denominator of the SI are based on a common assessment of dose relevant to the 
endpoint of interest (e.g., mortality, reproductive capacity). When the estimated SI is below 1, it is 
considered that an effect to a (population of) biota is unlikely. When an SI is estimated to be greater 
than 1, an effect may be possible and further more detailed evaluations are carried out to investigate 
whether an actual effect might be possible. There are many complex factors to consider in the 
extrapolation from effects of dose on an individual non-human biota to a population of non-human 
biota. The ERAs described in this paper use a variety reference dose-rates, many of them based on the 
1996 UNSCEAR review [9] which recommends reference dose rates of 10 mGy/d for aquatic 
organisms and 1 mGy/d for terrestrial biota. Since then, a number of investigations have evaluated 
data gaps and proposed new approaches to estimating reference doses for non-human biota [15-20].  
Thus, when applying the SI approach to non-human biota at the individual level, it is important to 
understand the limitations of the reference dose and caution is necessary. 
 
2.1 Uranium Mining Sites 
 
McArthur River 
McArthur River is a high-grade (25% of natural uranium - U3O8) uranium mine operated by Cameco 
in northern Saskatchewan, Canada. The mine has an annual production capacity of 18.7 million 
pounds of U3O8. An ERA was conducted for the uranium-series radionuclides in the receiving aquatic 
environment impacted by the site’s radioactive discharges based on measured and predicted 
environmental concentrations [21]. The approach taken generally followed IAEA/NCRP methods.  
 
The results showed that the only non-human biota indicator at this site that was predicted to exceed 
the benchmark radiological dose was a duck (scaup) with a diet of benthic organisms and sediments, 
primarily as a result of ingestion of Po-210. The potential risk was limited to a small area near the 
discharge location and it was predicted to decrease quickly after the end of operations. Moreover, no 
exceedance of the SI was predicted outside of this limited area and no potential for effects on local or 
regional populations are expected. 
 
McClean Lake 
McClean Lake is also a uranium mine, operated by AREVA Resources Canada (COGEMA) in 
northern Saskatchewan, Canada. The average grade is 1.7% of natural uranium and it is licensed to 
produce 12 million pounds of U3O8 annually. An ERA was conducted for the uranium-series 
radionuclides in the receiving aquatic environment impacted by the site’s radioactive discharges based 
on measured and predicted environmental concentrations [22]. The approach taken generally followed 
IAEA/NCRP.  
 
The results showed that effects on aquatic biota were not expected. Similarly, no effects were 
predicted for terrestrial mammals in the downstream receiving environment; however, at the upper 
bound estimate of concentrations, there was some potential for an effect on terrestrial species that 
depend on the aquatic environment within the Treated Effluent Management System (within licenced 
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site boundaries). No potential effects on populations of non-human biota were expected outside the 
Treated Effluent Management System. 
 
2.2 Nuclear Power Plants 
 
Pickering Generating Station 
Pickering Nuclear Generating Station (PNGS) is located on Lake Ontario, near Toronto, Ontario, 
Canada. The PNGS site includes two nuclear generation stations each with four CANDU reactors. A 
screening level ecological risk assessment was performed for regulatory compliance [23]. A range of 
radionuclides in the receiving aquatic, atmospheric and terrestrial environment were assessed 
including tritium, Sr-90, Co-60 and Cs-134/137 based on measured and predicted concentration. The 
approach taken generally followed IAEA/NCRP methodologies [4, 6, 8, 24, 25]. For trumpeter swan, 
a species identified for special protection, a lower benchmark was derived and used for protection of 
this species.  
 
Potential effects were identified at the screening level for earthworms for a very conservative upper 
bound scenario based on the localized maximum concentration of tritium in on site groundwater and 
for trumpeter swan from intake of radionuclides through aquatic plants in the discharge plume. No 
other potential effects were identified [23]. More detailed studies have demonstrated that there is no 
potential for ecological effects from radiological emissions associated with PNGS [26]. 
 
Loire River 
Between 1963 and 1999, 14 nuclear power reactors were commissioned at 5 different sites on the 
Loire River and its tributaries in France. An assessment of the receiving aquatic environment was 
conducted for two locations; the Loire River downstream of the Chinon nuclear power plant and the 
estuary some 350 km downstream. The assessment was done following the FASSET framework 
[12-13] for 3H, 14C, 131I, 134,137Cs.  
 
Dose estimates were compared to data in the FRED (FASSET Radiation Effects Database [27]). As 
only sparse data were available, all activity concentrations used for dose estimation were modelled 
estimates. The estimated dose rates to freshwater organisms in the Loire River and its estuary were at 
least five orders of magnitude lower than those at which effects have been reported and it was 
concluded that effects are unlikely [28]. 
 
2.3 Used Nuclear Fuel Reprocessing Plants 
 
La Hague 
The La Hague Used Nuclear Fuel Reprocessing facility is located in the north-west part of France, 
along the south shore of the English Channel. This is a major nuclear site involving a wide range of 
supporting nuclear facilities. Operations started in the late 1950’s at La Hague and have been 
upgraded on several occasions as well as decommissioning of older facilities. A great deal of site-
specific environmental data is available to support analysis of potential effects to non-human biota. 
 
An assessment was undertaken for non-human biota in the receiving marine environment [29-31]. The 
radioactive discharge source terms and the related environmental transfer models covered a 
comprehensive list of over 90 radionuclides. The approach taken generally followed IAEA/NCRP [4, 
6, 8, 6, 24, 32]; however, a comprehensive sensitivity analysis was also performed. The results 
indicate that for the base case coastal zone (Goury), which corresponds to the area of the highest 
concentrations, the marine biota dose rates were very small (by at least 2 to 3 orders of magnitude) 
compared to the lowest benchmark. Therefore, no effects on marine biota attributable to radioactive 
discharges to the sea from the La Hague facility would be expected.  
 
Marcoule 
Established in 1956, the Marcoule nuclear complex is a major nuclear site located on the Rhone River 
in Southern France. The Marcoule nuclear site played a key role in support of the development of the 
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French nuclear power program. The site also includes military facilities. The Marcoule facilities have 
been updated on several occasions over time through the addition of new facilities and the 
decommissioning of other facilities. The Marcoule nuclear complex is located downstream of many 
nuclear power reactors and of the Tricastin nuclear complex; in addition the Rhone River has been 
impacted by the Chernobyl accident. 
 
An assessment was conducted for a large range of artificial and natural radionuclides in the receiving 
aquatic environment based on extensive data from a series of environmental monitoring reports [33]. 
Non-human biota dose rates were estimated generally following the IAEA/NCRP methodologies [4, 
6, 8, 24, 32]. The overall conclusion of the Marcoule ERA [33] based on monitoring data is that, 
notwithstanding the widespread and long standing operation of numerous nuclear facilities at 
Marcoule and upstream impacts, no potential effects on populations of non-human biota from 
exposure to ionizing radiation are expected downstream of the Marcoule nuclear complex.   
 
Sellafield 
Sellafield, established in the early 1950’s, is one of the largest nuclear engineering centres in the 
world and is managed and operated by Sellafield Limited. It is located in Cumbria, United Kingdom 
and various facilities have been located at the site. The Sellafield nuclear site played a key role in 
support of the development of the British nuclear power program. The site also includes military 
facilities. Many facilities are still in operation at the Sellafield site, including one reprocessing plant. 
In 1957, the site known as Windscale experienced a significant nuclear accident, which caused 
significant atmospheric releases of radioactivity. 
 
An assessment of ecological risks from ionising radiation on the receiving aquatic and terrestrial 
environment in the vicinity of the Sellafield site was undertaken, including the sand dune and 
saltmarsh areas of the Drigg Coast based on measured and predicted concentration [28]. The 
assessment was done following the FASSET approach [12, 13]. When dose estimates were compared 
to the FRED database [27], the doses received by all non-human biota organism groups site were 
below the levels at which significant effects would begin to be seen, indicating no effects on non-
human biota are expected in the sensitive receiving aquatic and terrestrial environments for this site 
[28].  
 
2.4 Management and Disposal Sites for Radioactive Wastes 
 
Hanford Site – 300 Area 
The 300 Area of the Hanford Site was used to produce nuclear fuel elements for the Hanford reactors. 
It is located just north of the city of Richland, Washington on the Columbia River and is the site of 
most of the research and development conducted by the U.S. Department of Energy (U.S. DOE). 
Approximately 27 million cubic yards of solid and diluted liquid wastes mixed with radioactive and 
hazardous wastes were disposed of in the 300 Area. Remedial actions have been initiated and at the 
present time, all liquid waste is treated and released to the Columbia River. 
 
Substantial amounts of uranium and heavy metals are present in the 300 Area liquid waste streams. 
An assessment was conducted following the U.S. DOE approach [11, 20]. The radionuclides 
evaluated were U-234/235/238, Sr-90 and Cs-137. Based on the maximum measured radionuclide 
concentrations, and following the US DOE approach, adverse effects were not expected [34]. 
 
Bear Creek 
Bear Creek is located within the DOE Oak Ridge Reservation (ORR). There are four major waste 
units and two Debris Burial Areas (DBAs) within the watershed. These areas contain hazardous and 
radioactive wastes derived from the Y-12 Complex. Wastes containing radionuclides, metals, and 
other chemical contaminants were disposed of at Bear Creek Valley. An assessment of waste disposal 
areas within the Bear Creek valley was conducted following the U.S. DOE approach [11, 35]. The 
radionuclides assessed were U-234/235/238, Cs-137, Sr-90, Th-232 and Pu-239.  
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The results of the assessment based on measured radionuclide concentrations and following the U.S. 
DOE approach showed that there is not a significant ecological risk at the site [35].   
 
Chalk River 
The Chalk River Laboratories (CRL) site is located on the shore of the Ottawa River, 160 km 
northwest of Ottawa, Ontario Canada. The CRL site was established in the mid 1940s, and has a 
history of various nuclear operations and facilities, primarily related to research. An ERA was 
conducted for the site following common international practices. The radionuclides assessed were 
tritium, C-14, Sr-90, I-131, Cs-137, Pu-239 and Ar-41 in the receiving aquatic and terrestrial 
environment using measured and predicted concentrations.  
 
Conservatively estimated doses to some aquatic and terrestrial organisms within the on-site waste 
management areas were predicted to exceed reference dose rates; however outside of these areas 
doses to biota were below the benchmark. The terrestrial receptors receiving doses above 1 mGy/d 
represent a few individuals within the confines of small on-site waste management facilities and are 
unlikely to lead to significant population level effects [36].  
 
2.5 The Chernobyl Accident 
 
The flora and fauna in the area around the Chernobyl nuclear power reactor site have been closely 
studied since the accident. The focus of a recent review [37] was terrestrial non-human biota which 
initially received very high doses primarily due to short lived radionuclides (99Mo, 132Te/I, 133Xe, 131I 
and 140Ba/La). Over time, the short lived radionuclides decayed and longer lived radionuclides were 
distributed through the environment. Overall, about 80% of the total radiation dose accumulated by 
plants and animals, of the order of 0.7 Gy, was received during the first 3 months following the 
accident. The deposition of beta emitting radionuclides onto plant tissues was thought to have resulted 
in plants receiving a larger dose than animals living in the same area.   
 
Overall, the environmental response to the Chernobyl accident was a complex interaction among 
radiation dose, dose rate and its temporal and spatial variations, as well as the radiosensitivities of the 
different taxons. Both individual and population effects caused by radiation-induced cell death were 
observed in plants and animals. Following the natural reduction of exposure levels due to radionuclide 
decay and migration, biota populations started to recover from acute radiation effects and by the next 
growing season following the accident, population viability of plants and animals substantially 
recovered as a result of the combined effects of reproduction and immigration. 
 
2.6 SITES INVOLVING NATURALLY OCCURRING RADIOACTIVE MATERIALS (NORM) 
 
Komi 
As a result of ‘radium-from-water’ operations from approximately 1931 until 1950, and uranium 
extraction from ores in 1947 until 1956 a number of small contaminated sites were formed in the 
Vodnyi area within the Komi Republic (Russia). These activities led to an enhancement of naturally 
occurring radionuclides from the decay series of 232Th and 238U in soils, plants and animals. An ERA 
was done following the FASSET approach [12, 13, 28]. 
 
The radionuclides assessed were those from the decay series of 232Th and 238U in the receiving 
terrestrial environment using a combination of both measured and predicted concentrations. An 
attempt was made to estimate activity concentrations and subsequently dose rates “excess” over that 
due to typical natural background; however levels of 235U and 232Th may be naturally elevated in the 
region. The results showed that for the contaminated sites in the Vodnyi area, the radiation exposure 
is due to internally distributed (alpha-emitting) radionuclides.  Radiation effects on the morbidity and 
reproductive capacity of rodents were reported to be observed in the field at contaminated sites in the 
Vodnyi area, this supported the results of the ERA [28].  
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Oil and Gas Off-Shore Platforms 
During oil and gas production, large volumes of water, referred to as produced water, formation water 
or oilfield brines, are co-produced with the oil and gas and discharged into the sea. In 2003 about 135 
million m3 of produce water was discharged to the North Sea from platforms on the Norwegian 
continental shelf. One issue associated with produced water is that it may contain elevated amounts of 
natural radionuclides, mostly radium isotopes. 
 
An ERA was conducted for the produced waters discharged as part of the routine operations at the 
stations. Non-biota dose rates were estimated using the FASSET approach [12, 13]. The assessment 
[28] used a combination of measured and predicted concentrations to assess effects in the receiving 
marine environment. The estimated doses for biota for the impact zone located at a few tens of 
kilometres away from the platform(s) were orders of magnitude below those for which biological 
effects have been observed in aquatic systems as provided in the FRED database [27]. However, at 
such distances all of the ERAs considered in this review are orders of magnitude below the reference 
dose rates. Some additional consideration of enhanced dose rates nearer to the oil rigs could be 
warranted in the future.  
 
3. Main Findings and Conclusions 
 
Table 1 summarizes the selected key information from the representative ERAs. A number of the 
ERAs were supported by a great deal of measurement data. Generally ERAs also rely on 
environmental models to support estimates of radionuclide concentrations in the environment and 
dosimetric models for evaluating biota dose. Most of the ERAs that rely on modelling employ a 
number of intentionally conservative assumptions. It is possible to draw some overall main findings 
and conclusions from the review as summarized below: 
 

• For the aquatic environment the non-human biota that are most likely to receive the 
highest doses appear to be crustaceans, molluscs and wildlife (birds and mammals) 
relying on the aquatic environment;  

• For the terrestrial environment, the species which are expected to receive the highest 
doses generally appear to be vegetation, invertebrates and small mammals; 

• The results showed that for normal operations of nuclear fuel cycle sites, of NORM sites 
and of radioactive waste management and disposal sites, the potential for effects in non-
human biota is low; 

• For those few situations where dose-rates to non-human biota are predicted to exceed the 
reference dose-rates (e.g. radioactive waste management and disposal sites), the areal 
extent of elevated dose rates is limited and confined to areas in, or in close proximity to, 
the source of radioactivity within site boundaries.; and  

• Even in the event of very high doses and dose-rates, such as those experienced following 
the Chernobyl accident populations of biota which experienced stress appear to recover 
within a reasonably short period once the radiation dose rates were reduced. Such high 
dose rates have not been seen for sites with controlled radioactive discharges. 

 
ERAs provide additional insights to the behaviour and potential effects of enhanced level radiation 
and radioactivity arising from releases of radioactivity. Nevertheless, the wide range of sites 
considered in this review shows that, under the current system of radiological protection populations 
of non-human biota are protected from the controlled releases of radioactivity.  
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Table 1: Overview of Ecological Risk Assessments Conducted for Radioactive Contaminants 

Facility Pathway of 
Exposure 

Main 
Source of 
Exposure 

Methodology  Reference 
Dose Rate 

Assessment 
Method 

Sensitive 
Ecological 
Receptor 

Potential for Effects 

Uranium Mine Sites 

McClean 
Lake 

Aquatic 
discharge  

internal 
alpha IAEA/NCRP UNSCEAR/ 

CNSC  Modelled Duck and 
Muskrat 

Reference dose rates exceeded only at upper 
bound within immediate discharge area. No 
potentially significant effects in receiving 
environment. 

McArthur 
River 

Aquatic 
discharge 

internal 
alpha IAEA/NCRP UNSCEAR/ 

CNSC  Modelled Duck 

Duck (scaup) predicted to exceed benchmark 
in the area near the discharge; levels decrease 
quickly after discharge ceases. No potentially 
significant effects in receiving environment 

Nuclear Power Plants 

Loire 

Aquatic 
discharge 
(river and 
estuary) 

internal 
beta 

 (Cs-137 or 
C-14) 

FASSET FASSET Modelled 

Small 
terrestrial 

mammals with 
aquatic diet 

No effects are expected in receiving 
environment. 

Pickering 
Aquatic, air, 

soil and 
groundwater 

Internal 
beta (H-3) IAEA/NCRP UNSCEAR Modelled 

Earthworm 
(groundwater); 
Trumpter swan 

(aquatic) 

Initial conservative assessment showed 
potential effects. Further investigations 
indicate that there are no significant 
ecological impacts from PNGS.  

Reprocessing Plants 

La Hague Marine 
discharge 

Internal 
beta 

 (Ru-106) 
NCRP/IAEA UNSCEAR/ 

FASSET Modelled Crustaceans 
and molluscs 

No effects expected in marine biota from 
discharge. 

Sellafield Soil/ 
sediment  

internal 
thorium FASSET FASSET Modelled Snails and 

small mammals 
No effects expected in small mammals and 
snails in sand dunes and salt marsh areas. 

Marcoule Aquatic 
discharges  

external 
gamma and 

internal 
beta 

NCRP/IAEA UNSCEAR Modelled Molluscs and 
fish eating birds No effects are expected. 
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Table 1: (Continued) Overview of Ecological Risk Assessments Conducted for Radioactive Contaminants 

Facility Pathway of 
Exposure 

Main Source 
of Exposure Methodology  Reference 

Dose Rate 
Assessment 

Method 
Sensitive 
Receptor Potential for Effects 

Waste Disposal Sites 

Hanford – 
Area 300 

Aquatic 
discharge  

internal  
alpha/beta 

DOE Graded 
Approach 

DOE  
(based on 

NCRP/IAEA) 
Modelled Riparian 

mammal 
No effects were expected in Columbia 
River. 

Bear Creek Soil internal  
alpha/beta 

DOE Graded 
Approach 

DOE(based on 
NCRP/IAEA) Modelled Mouse No effects were expected. 

Chalk River 
Aquatic 

discharge, 
soil 

internal  
beta/gamma IAEA/NCRP UNSCEAR Modelled 

Riparian 
animals (snail, 
frog, aquatic 
plants) and 

water shrews 
and herons 

Initial calculations indicated potential for 
effects within confines of small waste 
management facilities. Doses unlikely to 
lead to significant effects at the 
population level. 

Accidents 

Chernobyl Air 

Internal beta 
(acute), beta 
and gamma 

(longer term) 

Measured dose 
rates N/A Observation 

Pine trees, 
spruce trees 

and 
invertebrates 

Numerous acute adverse effects resulted 
from accident. Populations recovering. 

NORM 

Oil & Gas Marine 
discharge internal alpha FASSET FASSET Modelled Crustaceans 

and molluscs No effects expected.  

Komi Soil internal alpha FASSET FASSET Modelled/ 
Observation 

rodents, soil 
invertebrates 
and grasses 

Effects on biota have been observed at 
small contaminated sites within the 
Vodnyi area. Plants and animals in other 
areas in Komi containing naturally 
elevated levels of radionuclides have 
adapted. 
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