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Key external stakeholders:  
Green energy sector, environmental scientists, food safety microbiologists,  FSAI & DAFM 

 
Practical implications for stakeholders: 
The land application of AD residues presents less of a risk than the application of cattle slurry. 
 

 
 

Main results:  

The main findings include; [1] AD feedstock material may be contaminated with pathogens; [2] 

based on laboratory experiments, pathogenic microorganisms may survive the AD process; [3] the 

fermentation conditions that maximise pathogen destruction can be predicted using mathematical 

models developed in this project; [4] pasteurisation of digestate at 70 °C for 1 hour will eliminate 

most pathogens except sporeformers; [5] pathogens survive in digestate applied to land but 

present no greater a risk than slurry in terms of cross-contamination of soil and [6] pathogens in 

digestate applied to land pose less of a risk to water contamination as compared to pathogens in 

slurry. 

 
 

Opportunity / Benefit:  
A national framework was delivered for control interventions to aid in the safe application of AD 
residue to land.  Thus, our data provides a green light for AD green energy in Ireland. 
 

Collaborating Institutions:  
UCD & NUIG  
 
Teagasc project team: Dr. Declan Bolton, Ms. Lauren Russell, Dr. Karl Richards & Dr. Owen 

Fenton 
 

External collaborators: Prof. Paul Whyte, Dr. Annetta Zintl, Dr. Agathe Auer, Prof. Steve 
Gordan, Prof. Bryan Markey, Prof. Theo de Waal, Prof. Enda Cummins 
& Dr. Rajat Naj (UCD); Vincent O’Flaherty,  Florence Abram & Stephen 
Nolan (NUIG) 

The comparative public 
and animal health risks 
associated with spreading 
Anaerobic Digestate and 
animal slurry on land 
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1. Project background:  

Anaerobic digestion (AD) is a process in which biodegradable materials are decomposed in airtight 
vessels under anaerobic conditions. This process produces biogas which can be used to generate 
heat and/or electricity, or which can be upgraded to methane and injected into the gas grid or used 
as vehicle fuel. The residue from the digesters is called ‘digestate’ and can be used as an organic 
fertiliser or soil improver. Materials that fall under the scope of the EU Animal By-product (ABP) 
Regulations (EU Regulation 1069/2009 and EU Regulation 142/2011) are subject to rules aimed at 
protecting public and animal health. These Regulations require AD raw materials or digestate to be 
heated to 70 °C for a minimum of 60 minutes with a particle size of 12 mm, before heat being 
applied.  The legislation also allows for a derogation from the requirement for a pasteurisation 
treatment in AD plants transforming animal waste, provided the competent authority does not 
consider it to present a risk for the spread of any serious transmissible diseases. However, animal 
waste presents a significant risk with regard to the transmission of serious transmissible diseases 
to both humans and animals, including E. coli O157, Salmonella spp., Mycobacterium tuberculosis, 
Cryptosporidium spp., Clostridium botulinum, Mycobacterium avium subsp. paratuberculosis, and 
bovine viral diarrhoea virus (BVDV). AD digestate may also represent a greater risk than slurry as 
the raw materials used in AD bioreactors and digestate are typically derived from and spread on 
many farms. 

2. Questions addressed by the project: 

 Are AD feedstock materials contaminated with dangerous pathogens? 

 Do bacteria (including Mycobacterium species), viruses and parasites survive the AD 
fermentation process? 

 Does feedstock mix and process configuration affect the survival of the target pathogens? 

 If pasteurisation is necessary what time-temperature combinations are required to kill these 
pathogens? 

 Do target bacteria, viruses and parasites survive when applied to land in digestate and 
slurry (laboratory and field-based studies)? 

 Do the target bacteria, viruses and parasites leach more quickly out of digestate (as 
compared to slurry), when applied on Irish farmland? 

 

3. The experimental studies:  

Laboratory studies and field trials were undertaken to compare the public and animal health risks 

associated with land spreading of AD digestate (derived from manure/slurry and food waste and 

combinations thereof) (with & without pasteurisation) versus slurry. The target pathogens included 

Salmonella enterica serovars Senftenberg and Newport, Listeria monocytogenes and Escherichia 

coli O157 (representing Gram-negative bacteria), Enterococcus faecalis (representing Gram-

positive bacteria), Clostridium spp. (representing spore-forming bacteria), Mycobacterium spp. 

(representing acid-fast bacteria), non-enveloped enteric viruses (representing viruses) and 

Cryptosporidium parvum (representing highly resilient parasites). Other indicator bacteria were 

used when appropriate. 

 

4. Main results:  

The main findings (which apply only to the feedstock materials, experimental conditions, etc.  

described),  may be summarised as follows; 

 AD feedstock material may be contaminated with pathogens. 

 Based on laboratory experiments, pathogenic microorganisms may survive the AD process, 

depending on the initial concentration of the organism, feedstock formulation, AD conditions 

and retention time. However, in commercial AD processes this seems unlikley considering 

the dilution effect. Moreover any pathogens in the digestate may die off during storage 
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before spreading.  

 The fermentation conditions that maximise pathogen destruction can be predicted using 

mathematical models developed in this project. 

 Pasteurisation of digestate at 70 °C for 1 hour will eliminate most pathogens except 

sporeformers. 

 Pathogens survive in digestate applied to land but present no greater a risk than slurry in 

terms of cross-contamination of soil. 

 Pathogens in digestate applied to land pose less of a risk to water contamination as 

compared to pathogens in slurry. 

 

5. Opportunity/Benefit: 

The main deliverables, which may be used by the green energy sector to support the development 

of this important sector, were; [1] data and information on the presence and fate of pathogens in 

the AD chain, from feedstock to landspread digestate; [2] a modelling tool for the AD industry and 

regulatory function that will predict pathogen survival/destruction based on key fermentation 

parameters including temperature, pH and ammonia concentration; [3] a quantitative assessment 

of the risk of spreading a transmissible disease through the use of unpasteurised digestate from an 

AD plant and [4] a quantitative assessment of the comparative risks associated with applying 

digestate and slurry to land. 

 

6. Dissemination: 

The information/data generated was disseminated using peer reviewed and technical publications. 
A technical report was prepared and emailed directly to the stakeholders in our database. This was 
also mpresented at the workshop on 2nd December 2019 in Teagasc (Ashtown). 

 
Main publications: 
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Bolton, D., De Waal, T., Gordon, S., O'Flaherty, V., Whyte, P. and  Zintl, A. (2016). Agricultural 
anaerobic digestion power plants in Ireland and Germany: policy & practice. Journal of the Science 
of Food and Agriculture, 97, 3, 719-723. 
 
Nag, R., Whyte, P., Markey, B.K., O'Flaherty, V., Bolton, D., Fento,n O., Richards, K., Cummins, E. 
(2020) Ranking hazards pertaining to human health concerns from land application of anaerobic 
digestate. Science of The Total Environment, 2019, 710, 136297. 
 
Russell, L.,  Whyte, P. and Bolton, D. (2020) A preliminary study of Salmonella spp., Listeria 
monocytogenes, Escherichia coli O157, Enterococcus faecalis and Clostridium spp. in Irish cattle. 
Submitted to Irish Journal of Agriculture and Food Research on 12th May 2020. 
 
Lauren R., Richards, K., Fenton, O., Zinc, A., Markey, B.,  De Waal, T., Gordon, S., Whyte, P., 
Abram, F., O’Flaherty, V. and Bolton, D.  (2019). Bacterial Pathogen Prevalence and Survival 
During Anaerobic Digestion. Poster presentation at the One Health EJP ASM, Teagasc (Ashtown) 
Dublin, Ireland, 22nd to 24th May 2019, Abstract Book, page117. 
 
 
Popular publications:  

None. 
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