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During 2017, the Environmental Chemistry Group 

Committee organised a number of successful meetings, 

events and activities across a range of topics and 

formats. 

With five new recruits to the committee, we are working 

on several new ideas and projects, and have benefited 

from this influx, updating the way we communicate with 

our members. We recruited two interns under the 

guidance of Dr Laura Newsome of the University of 

Manchester who designed and populated our new 

website with the last ten years of ECG Bulletin articles. 

We hope this resource will be useful for you all as it 

allows each article to be searchable and independent of 

the Bulletin edition it was published in. 

Our first event of the year was the 2017 Distinguished 

Guest Lecture and Symposium on 1st March, on the topic 

of air quality and emissions from transport: “

http://www.envchemgroup.com
http://www.envchemgroup.com
https://www.envchemgroup.com/
http://www.rsc.org/news-events/community/2017/dec/environmental-science-showcase/
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Valerio Ferracci is a Research Fellow in 

the School of Water, Energy and 

Environment at Cranfield University, 

specialising in field measurements of 

trace species in the atmosphere.  

What inspired you to become a 

scientist? I have always enjoyed puzzles, and 

science, to me, offered a very similar intellectual 

stimulus.  Having said that, I did have a genuine interest 

in most subjects at school and, as a result, found the 

choice of an undergraduate degree course quite 

daunting. In the end, chemistry won 

over fierce competition from the 

humanities: it draws on so many other 

fields (from physics and maths to, I 

dare say, philosophy!) that it 



http://pubs.rsc.org/en/content/ebook/978-1-78262-892-7
http://pubs.rsc.org/en/content/ebook/978-1-78262-892-7
http://pubs.rsc.org/en/content/ebook/978-1-78262-892-7
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The author of this textbook, the ecologist 

and environmental chemist Sven Erik 

Jßrgensen (1934ï2016), made many 

notable contributions to ecology and 

ecological modelling and management. 

In two influential books, Fundamentals of 

Ecological Modelling (4th edition, 2011) 

and Towards a Thermodynamic Theory 

for Ecological Systems (2004), 

Jßrgensen and co-authors outlined the 

roles of mathematics and physical 

chemistry in 

understanding 

ecosystems and the 

impact of toxicants on 

the environment. 

Jßrgensen had editorial 

responsibilities for the 

journals Ecological 

Complexity and Ecological Monitoring, 

and was editor in chief for Encyclopedia 

of Ecology (2008). 

Ecotoxicology and Chemistry Applications in 

Environmental Management, written when the author 

was Emeritus Professor in Environmental Chemistry at 

the University of Copenhagen, is therefore a distillation 

of Jørgensen’s work in ecology and environmental 

management. In chapter one, Jørgensen emphasises a 

holistic approach in understanding changes to 

ecosystems whether natural or anthropogenic in origin, 

and suggests seven management steps for integrated 

ecological and environmental management: 

1. Define the problem.

2. Determine the ecosystems involved.

3. Find and quantify all the sources of the problem.

4. Set up a diagnosis to understand the relation 

between the problem and the sources.

5. Determine all the tools needed to implement and

solve the problem.

6. Implement and integrate the selected solutions.

7. Follow the recovery process.

In the subsequent 14 chapters, Jørgensen characterises 

the properties and nature of pollutants, tools for 

modelling their environmental impact, and reviews some 

technological and societal solutions for environmental 

management. The longest chapter in the book concerns 

the application of the concepts of 

physical chemistry (essentially 

Gibbs’ thermodynamics) to 

understanding the distribution of 

anthropogenic chemicals in the 

environment. The author 

estimates that hundreds of 

thousands of chemicals 
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https://www.crcpress.com/Applied-Ecology-and-Environmental-Management/book-series/CRCAPPECOENV
https://www.crcpress.com/Applied-Ecology-and-Environmental-Management/book-series/CRCAPPECOENV
https://www.crcpress.com/Applied-Ecology-and-Environmental-Management/book-series/CRCAPPECOENV
https://www.envchemgroup.com/reviews.html
https://www.envchemgroup.com/reviews.html
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A group of 39 early career researchers 

gathered on 14th December 2017 at 

Burlington House, London to discuss

issues relating to the environmental 

chemistry of water, sediment, soil and 

air. 

The meeting was introduced by the meeting organiser, 

Dr Tom Sizmur of Reading University, swiftly followed by 

the first presentation by Camille Peers de Nieuwburgh of 

Imperial College London, which was on the 

characterisation of chemical signatures of water 

associated with hydraulic fracking.  She characterised 

water produced from fracking and related activities and 

showed that these waters are more likely to be 

contaminated by the intrusive operations than from 

natural sources. The next presentation by Erin Losty of 

Cranfield University was on mixtures of disinfection by-

products in drinking water, their toxicity and 

minimisation. Her talk explained issues surrounding the 

production of unwanted disinfection by-products, 

principally highlighting trihalomethanes and haloacetic 

acids. While many products are known about (circa 600), 

only a small number are regulated or measured.  

The next presentation was a keynote talk from Dr Ailsa 

Stroud from the DEFRA Air Quality team.  Ailsa talked 

about her work in policy areas such as sea level change, 

geoengineering, climate change, and air quality. She also 

talked about her career so far, including a PhD at the 

University of Cambridge, working at the British Antarctic 

Survey, and the opportunities that her air quality work 

has given her (including monitoring air quality at the top 

of the BT Tower). Before lunch, Ailsa presented the 

award for the best poster to Sarah Donoghue from 

Edinburgh University, who had produced a poster on the 

distribution of lead in soils of the greater Glasgow area. 
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More than 400 delegates from 44 

different nations descended upon 

Rothamsted Research in Hertfordshire, 

UK, during four days in September 2017 

for the 6th International Symposium on 

Soil Organic Matter, which saw more 

than 180 talks and 230 poster 

presentations  

The conference opened with a welcome from 

Rothamsted Research Director 

Professor Achim Doberman, who 

introduced some of the long term 

experimental findings that make 

Rothamsted a world famous 

institute for the study of soil 

organic matter. Back when the 

Broa DEEP　

hchက
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The Goldschmidt Conference is one of 

the largest geochemistry conferences in 

the world, with more than 4,200 abstracts 

accepted in 2017, generating 146 

different sessions, run in parallel with up 

to 20 different talks to choose from at 

any one time (goldschmidt.info/2017/). 

With such a varied programme, 

throughout the week I was able to attend 

presentations en d 

https://goldschmidt.info/2017/


http://www.nhm.ac.uk/our-science/our-work/sustainability/cog3-cobalt-project.html
http://www.nhm.ac.uk/our-science/our-work/sustainability/cog3-cobalt-project.html
http://www.bgs.ac.uk/sosRare/home.html
http://www.biomore.info
https://goldschmidt.info/
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Emerging organic contaminants (EOCs) 

have attracted the interest of the 

international science community, with 

numerous studies demonstrating the 

presence of EOCs in significant 

concentrations within the environment. 

The term emerging organic contaminants 

relates to newly synthesised compounds 

that are recognised as hazardous to 

wildlife, ecosystems, and potentially 

humans. Advances in analytical 

technologies have created instruments 

capable of detecting such compounds at 

low concentrations, even within complex 

matrices. 
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products, pesticides, veterinary products, industrial 

compounds/by-products, food additives, and engineered 

nano-materials. The rise in EOCs in recent years has 

resulted in a swift response from the science community.  

Organic contaminants can enter the environment 

through landfill sites, animal and domestic waste, 

hospital and industrial effluent, septic tanks and waste 

water treatment plants (WWTPs). In developed 

countries, the main contributor of EOCs to the 

environment is the discharge of treated wastewater from 

WWTPs (3). Studies have been conducted throughout 

Europe showing the presence of 125 different polar 

organic compounds within the effluent of 90 WWTPs (4). 

The impact of these contaminants on human health is 

often unknown, however some organic compounds have 

been classed as Endocrine Disrupting Compounds 

(EDCs) and have been detected in sewage sludge and 

sewage sludge-amended soils. EDCs 

can also cause adverse effects on 

wildlife and the ecological system 

(5). A well-known EDC is Bisphenol 

A (Figure 2), which has recently 

been placed on the list as a 

substance of very high concern 

(European Chemicals Agency). 

Wastewater treatment processes 
Technology at WWTPs is continually improving and 

developing to ensure the safe and effective treatment of 

raw sewage. The activated sludge process is the most 

extensively implemented secondary wastewater 

treatment process and is effective at removing 

carbonaceous material and certain nutrients (6). Many 

drugs of anthropogenic origin are removed through 

biological degradation and sorption onto solids. 

However, their varying degrees of sorption and 

biodegradation make enhanced EOC removal rates at 

WWTPs very different. Also, many pharmaceutical and 

organic compounds have low vapour pressures, which 

restricts them from being removed by volatilisation. It 

should be noted that for several processes, removing the 
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In the mid-nineteenth century, Britain 

suffered a succession of cholera 

epidemics. In 1848, there were 14,000 

deaths attributable to the disease in 

London alone, reflecting the lack of 

appropriate sanitation. Famous Victorian 

pioneers such as Edwin Chadwick and 

Dr John Snow first linked the 

transmission of cholera to polluted 

drinking water. Snow 

demonstrated that the 

cholera was caused by 

contaminated water 

rather than the 

atmospheric 'miasma' 

that had previously 

been thought to be 

responsible. The memorably named 

Thomas Crapper carried out much of the 

early domestic sanitation work in the UK 

capital and, together with Sir Joseph 

Bazalgette, revolutionised the sewerage 

system. 

Even now in the 21st century, there are still tens of 

thousands of deaths worldwide every day that are 

directly attributable to the lack of clean water. Water can 

be biologically contaminated with bacteria, viruses, 

protozoa and nematodes. Disinfecting the water enables 

us to destroy these disease-causing agents or pathogens, 

rendering the water drinkable or 'potable'. 

Microbiology 
Most outbreaks of waterborne disease are caused by 

contamination of water supplies with animal or human 

excreta. Microbiological testing is carried out to check 

whether water is fit for consumption by testing for the 

presence or concentration of a number of indicator 

organisms that are:  

 abundant and found exclusively in faeces but 

(almost) absent elsewhere

 no less resistant to disinfection than other

pathogens (and preferably a little more so)

 persistent in the environment 

 unable to grow or multiply in the aquatic 

environment 

 cheaply, rapidly and reliably detectable

Escherichia coli is readily distinguishable and is 

associated with the gut of humans, mammals and fish. 

Whilst water containing coliform bacteria other than 

E.coli can be assumed to have some bacteriological 

contamination, water that 

contains E.coli is assumed to be 

contaminated with animal 

excrement. The UK Water 

Supply (Water Quality) 

Regulations detail Prescribed 

Concentrations and Values 

(PCVs), which stipulate that 

both E.coli. and coliform bacteria 

should not be detectable in any 



http://slideplayer.com/slide/6973575/
http://slideplayer.com/slide/6973575/


Royal Society of ChemistryðEnvironmental Chemistry GroupðBulletinðFebruary 2018 16 

distribution into supply is typically in the range 0.2-2.0 

mg L-1 although sometimes it can be up to 5.0  mg Lെͳ. 

Sometimes a process called superchlorination is 

employed, involving the addition of large amounts of 

chlorine to destroy odours and tastes or to ensure a 

'quick kill' of pathogens. If the water treated this way 

were then simply distributed, with its relatively high 

HOCl and ClOെ concentrations, it would be disinfected 

but unpalatable. Therefore water is partially 

dechlorinated after superchlorination,  by adding a 

reducing agent designed to leave a residual chlorine 

concentration of about 0.5mg L

https://blog.wellcome.ac.uk/2009/06/09/a-history-of-legionnaires-disease-in-the-uk/
https://blog.wellcome.ac.uk/2009/06/09/a-history-of-legionnaires-disease-in-the-uk/
https://blog.wellcome.ac.uk/2009/06/09/a-history-of-legionnaires-disease-in-the-uk/
https://endotlmsnewsdotorg.wordpress.com/2011/11/17/chlorine-disinfection/#comments
https://endotlmsnewsdotorg.wordpress.com/2011/11/17/chlorine-disinfection/#comments
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Antibiotics are drugs used to treat 

bacterial infections in humans, animals 

and fish. Every few weeks, major news 

items about the crisis of antibiotic 

resistance for medicinal use surface, 

often stating that, in the near future, there 

will be few antibiotics available for the 

treatment of infections due to 

overprescription. Deaths are predicted 

from everyday infections and safe 

medical procedures (1, 2). Public 

concern persists around the issue, and is 

often heightened after the publication of 

major national or international surveys (3

-7).

The first antibiotic, penicillin, was discovered in 1928 

and began to be used in 1942. Resistance was first 

observed in 1936. It is common for resistance to be 

detected within a few years of the introduction of a new 

antibiotic (8). No new classes of antibiotics have been 

brought into the market since 1987 (6). 

Reports indicate resistance control must be multi-
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between the bacteria through the development of 

antibody resistance genes (ARGs), and selection pressure 

may favour their replication. Discussion of the role of the 

environment in the build up of antibiotic resistance thus 

runs on two parallel tracks: the build-up of resistance 

and the transmission of ARGs back to humans. Whether, 

or how, the resistance is transferred to organisms 

affecting human health is the subject of intense scientific 

debate. 

Antibiotic Types and Behaviours 
Chemical antibiotics can be divided into groups (9,10), as 

shown in Table 1. 

Table 1. Antibiotic groups with typical examples 

Group 
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Freshwater systems can contain a large number of 

pharmaceutically active compounds including antibiotics 

(17). Subsequent transport of antibiotics through the 



http://www.theguardian.com/society/2017/oct/08/world-faces-antibiotic-apocalypse-says-chief-medical-officer
http://www.theguardian.com/society/2017/oct/08/world-faces-antibiotic-apocalypse-says-chief-medical-officer
http://www.theguardian.com/society/2017/oct/08/world-faces-antibiotic-apocalypse-says-chief-medical-officer
http://www.mirror.co.uk/lifestyle/health/apocalypse-antibiotic-resistant-superbugs-kill-11333481
http://www.mirror.co.uk/lifestyle/health/apocalypse-antibiotic-resistant-superbugs-kill-11333481
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf
https://obamawhitehouse.archives.gov/sites/default/files/docs/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
https://obamawhitehouse.archives.gov/sites/default/files/docs/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
https://obamawhitehouse.archives.gov/sites/default/files/docs/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
https://obamawhitehouse.archives.gov/sites/default/files/docs/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pd
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pd
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/553471/Gov_response_AMR_Review.pdf
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/553471/Gov_response_AMR_Review.pdf
https://ec.europa.eu/health/amr/sites/amr/files/amr_action_plan_2017_en.pdf
https://ec.europa.eu/health/amr/sites/amr/files/amr_action_plan_2017_en.pdf
http://www.nature.com/nrd/journal/v12/n5/fig_tab/nrd3975_T1.html
http://www.nature.com/nrd/journal/v12/n5/fig_tab/nrd3975_T1.html
http://mbio.asm.org/content/8/3/e00543-17
http://mbio.asm.org/content/8/3/e00543-17
http://www.fda.gov/Drugs/DrugSafety/ucm500143.htm
http://www.fda.gov/Drugs/DrugSafety/ucm500143.htm
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loho%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26260559
https://www.ncbi.nlm.nih.gov/pubmed/26260559
http://www.ncbi.nlm.nih.gov/pubmed/26260559
http://www.nhs.uk/news/medication/antibiotic-resistance-continues-to-rise/
http://www.nhs.uk/news/medication/antibiotic-resistance-continues-to-rise/
http://www.nhs.uk/news/medication/antibiotic-resistance-continues-to-rise/
http://www.rsc.org/images/ECG_Jan_2010_tcm18-173535.pdf
http://www.avma.org/KB/Resources/Pages/VFD123.aspx
http://www.avma.org/KB/Resources/Pages/VFD123.aspx
http://europa.eu/rapid/press-release_IP-05-1687_en.htm
http://europa.eu/rapid/press-release_IP-05-1687_en.htm
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015D0495&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32015D0495&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28180&from=EN&isLegissum=true
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28180&from=EN&isLegissum=true
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28180&from=EN&isLegissum=true
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013L0039&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013L0039&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013L0039&from=EN
http://apps.who.int/iris/bitstream/10665/77444/1/9789241501439_eng.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2016/05/news_detail_002536.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2016/05/news_detail_002536.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2016/05/news_detail_002536.jsp&mid=WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2016/05/news_detail_002536.jsp&mid=WC0b01ac058004d5c1


Royal Society of ChemistryðEnvironmental Chemistry GroupðBulletinðFebruary 2018 21 

This one-day symposium organised by 

the Environmental Chemistry Group of 

the Royal Society of Chemistry explores 

the chemistry and biochemistry of 

antimicrobial resistance in the 

environment, the policy relating to it and 

its effects on human health. The 2018 

ECG Distinguished Guest Lecture will be 

provided by Professor Joakim Larsson 

(University of Gothenburg). 



Royal Society of ChemistryðEnvironmental Chemistry GroupðBulletinðFebruary 2018 22 

and water-soil interface. She uses culture-dependent and 

culture-independent methods to study the dynamics of 

bacterial communities. She collaborates on various 

international projects, including STARE, NEREUS, 

ANSWERS, NORMAN-WG5ǡ�and HEARD. 

“Antibiotic Resistance – from Nature to Environmental 

Contaminants.” 

This talk will focus on how the use of antibiotics and 

other factors may have forced antibiotic resistance genes 

to become a public health threat. Professor Manaia will 

explore municipal wastewater treatment plants as 

potential sources of contaminant antibiotic resistance 

and some measures that may help avoid antibiotic 

resistance dissemination. She will finish by discussing 

how to assess the risks these environmental 

contaminants represent for human health. 

Mr Lee Slater (Department for 

Environment, Food and Rural Affairs) 

Lee Slater is Senior Policy Advisor in the Water Quality 

Team in Defra, and is responsible for the Antimicrobial 

Resistance in the Environment group. He has an MSc 

(Distinction) in Environmental Science, Legislation and 

mailto:ecg.dgl@gmail.com
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adding soil amendments which increase pH can liberate 

As into solution. 

Iron (Fe) and manganese (Mn) oxide-based sorbents, 

whose positively charged surfaces attract As oxy-anions, 

have been successfully deployed to reduce arsenic 

mobility in soils and waters. Combining these metal 

oxides with organic-based sorbents has been trialled as a 

means of applying a ‘one-stop-shop’ sorbent for metal

[loid] contaminated soil applications.  

Case Studies 

Case study 1: Mn-based amendment to a metal[loid] 

contaminated agricultural soil in UK   

A coating of amorphous Mn-oxide on the surface of 

biochar produces a bio-sorbent with sites for anion and 

cation binding. This sorbent has been applied to three 

contaminated agricultural soils where As, Cr, Cu (from 

contaminated wood-ash application) and Zn (from 

contaminated sewage-sludge application) were present 

in high concentrations. In this laboratory pot test, pore 

water samples and ryegrass samples were analysed for 

metal[loid]s to determine their mobility and uptake, with 

and without bio-sorbent addition. Moderate reductions 

in metal[loid] concentration in pore water and ryegrass 

were achieved (Figure 2), but enhanced Mn leaching and 

uptake was also evident ( Figure 2 inset), illustrating a 

potential limitation in the useful life of this sorbent in 

soil. 

Figure 2: Mean (dashed line) and range of concentrations 

of metal[loid]s in pore water, as influenced by 

experimental bio-sorbent application. Inset shows Mn 

concentrations in pore water (box-plot) and ryegrass 

(crosses). n=10. 

Case study 2: Fe-based amendments to arsenic 

contaminated mine soil in Spain 

A combination of iron sulphate, lime and organic 

amendments (biochar and composts) was applied to 

arsenic and copper contaminated mine soil which was 

subsequently sown with rye. The hypothesis was that 

organic matter would improve soil properties and retain 

metals, whilst a pH around neutrality would precipitate 

Fe oxides that were able to retain As. The co-applications 

of the three materials produced better plant growth, 

decreased metal availability and limited As mobilisation 

to a greater extent than individual applications (Figure 

3). It proved important to maintain the pH between 6 

and 7 because an excess or deficiency of lime caused 

either arsenic or metal mobilisation, respectively(4). 

Figure 3: Schematic conceptual model of the effect of co-

application of biochar, lime and iron sulphate to 

remediate a contaminated mine soil. Adapted from (4) 
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The behaviour and toxic effects of metals 

in natural waters are strongly impacted 

by speciation ï the distribution of a metal 

among its different possible chemical 

forms. Computer models compute 

speciation at chemical equilibrium and 

are powerful tools if used with an 

understanding of their limitations. 

The aquatic speciation of a metal refers to its distribution 

among its possible forms within a surface water. These 

forms include the free hydrated ion, complexeF怀r̀hऀ0
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http://www.speciation.net/Public/Links/DB/Links/topic_modelling.html
http://www.speciation.net/Public/Links/DB/Links/topic_modelling.html
https://doi.org/10.5285/b4b44b04-bfd0-40ca-b60a-681018eb78ce
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Anthropogenic radioactive substances 

can enter the environment from nuclear 

weapons testing, routine discharges from 

nuclear power plants and reprocessing 

facilities, mining and mineral processing, 

medical facilities and from nuclear 

accidents. Their environmental behaviour 

is controlled by whether they sorb to 

mineral surfaces, form complexes or 

colloids, or are subject to redox 

transformations ï in the same way as 

their equivalent non-radioactive isotopes 

and metals in general. Crucially, all of 

these factors can be influenced by 

microbial processes and so 

understanding the biogeochemistry of 

radioactive substances is essential in 

order to predict their fate and 

environmental impact.  

The most important radionuclides, in terms of their 

environmental abundance and radioactivity, are the 

actinides 235,238Uranium, 237Neptunium, 
238,239,240,241Plutonium, 241Amercium, fission products 
137Caesium, 90Strontium, 129Iodine, 99Technetium, and 

tritium (3H). 

Factors that Affect the Environmental 

Behaviour of Radionuclides
Sorption to Mineral Surfaces: Radionuclides can sorb to 

mineral surfaces through ion exchange, or the formation 

of inner sphere or outer sphere complexes. Ion exchange 

is the strongest form of sorption; Cs+ readily exchanges 

for other positively charged cations in the interlayer sites 

of illite, a common clay mineral, and over time this 

process becomes irreversible. The amount of sorption 
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Redox transformation: In general, redox-sensitive 

radionuclides are more soluble in their oxidised forms.  U

(VI), Tc(VII), Np(V), Pu(V) form stable oxycations (e.g. 

UO22+) or oxyanions (e.g. TcO4െ) that are mobile under 

the oxidising conditions typically encountered in surface 

waters and groundwater. However, under reducing 

conditions, they are sparingly soluble and tend to 

become associated with the solid mineral phase through 

sorption, or, if present at high enough concentrations, 

can precipitate as reduced phases such as UO2.  Microbial 

activity can affect the behaviour of redox-sensitive 

radionuclides by direct enzymatic reduction, that is 

microorganisms can gain energy from the reductive 

respiration of U(VI)O22+ to U(IV)O2(s) coupled to the 

oxidation of organic electron donors. Alternatively, 

microorganisms can generate reducing conditions which 

cause the reductive precipitation of radionuclides. For 

example, microbial Fe(III) reduction is ubiquitous in the 


