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Timeline
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1997 Lecture: Is municipal waste compost good for soil?  Identified a need for long-term 
experiments to assess effects on soil quality….

2002 Establishment of the CRUCIAL long-term experiment on organic waste

2008 Danish Organic farmer organizations decided phase out the use of manure and straw from 
conventional farms by 2021

2013 Publication of a study of possibilities for phasing out, assessing that it will be impossible to 
cover the need for P fertilization in Danish non-dairy farms without resorting to reuse of 
sewage sludge 

2015 Decision to moderate the phasing out due to the lack of acceptable alternatives, in favor of 
a more gradual approach to replenishing fertility from alternative sources.

2018 The Danish Organic Business Development Team recommended that organic farmers should 
have an opportunity for utilizing nutrients from treated domestic wastewater for nutrient 
recycling provided that it was deemed safe and acceptable for consumers



c

Giller, K.E., Witter, E. & McGrath, S.P. 1998. Toxicity of heavy metals 
to microorganisms and microbial processes in agricultural soils: A 
review. Soil Biology & Biochemistry, 30, 1389–1414.



Short-term laboratory 
studies have little 
relevance and are no use 
for legislative purposes! 

Ken Giller, University of London



Heavy metal concentrations in sewage sludge have declined
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time (year) Liu J, Liu S, Smith (2020) SR A CONTEMPORARY AND 
HISTORICAL ANALYSIS OF THE TRACE ELEMENT 
COMPOSITION OF SEWAGE SLUDGE IN THE UK . Water 
and Environment Journal 
https://doi.org/10.1111/wej.12677

McGrath SP (1984) Metal concentrations in 
sludges and soil from a long-term field trial. J 
Agric Sci 103:25–35. 
doi: 10.1017/S002185960004329X

https://doi.org/10.1111/wej.12677


Cadmium in alternative Danish P sources
---limit for imported TSP is 100 mg Cd kg-1 P ---
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Level commonly found 
in pig and cattle manure



    

The challenge with urban/industrial waste
residues



The 
unknown
unknowns

The known
unknowns

The known

We postulate that it is possible and 
necessary to adress the known unknowns
and unknown unknowns thorugh integrated
and realistic ’accelerated’ experiments

TCC

Phtalates



   

CRUCIAL - long-term field trial

Treatments are:

- Composted household waste (normal and accelerated level)
- Sewage sludge (normal and accelerated level)
- Human urine

- Cattle manure (accelerated level)
- Deep litter
- Cattle slurry
- NPK fertilizer
- Green manure
- Unfertilized

- One/two spare treatment available
- One extra block on side of exp. available



More about the organic (waste) fertilizers
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• CH: compost made from municipal solid waste mixed with garden and 
park waste using a combined biogas-composting process (AIKAN)

• S: sewage sludge from Avedøre wastewater treatment plant. Bio-
P+Fe- dosing, anaerobic digestion + dewatering

• HU: Human urine collected from an eco-village with urine-diverting 
toilets. Store in airtight tanks for at least six months before 
application

• DL: Deep litter, consisting mainly of straw

• CMA: Cattle manure with less straw

Peltre et al 2015, Lopez-Rayo et al. 2016



Creating a historical site for agroecosystem resilience studies

How does cycling of matter affect plant and soil quality, the 
environment and the integrity of agricultural production systems? 

Cycling of matter is broadly defined and includes e.g. nutrients, heavy metals, and 
xenobiotics, medicinal residues, pathogens and genes



The Frankenstein effect

How bad can it get?

Accelerated treatments
Presently > 200 yr dose
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The decrease in draught force could lead to a decrease in tractor
fuel consumption for soil tillage of up to 25% for compost applied
at an accelerated rate and up to 14% for compost applied at a 
normal rate



Summary of some results

   
Environmental 

Sciences

Microbial activity is 
closely related to input 
levels, microbial function
unaffected

Highly robust system – when
measuring procariotic diversity



   
Environmental 

Sciences

Antibiotic resistance of pseudomonads was
only affected in the very short term (3 
weeks) by waste application treatments

Horizontal gene transfer to P. Putida was
only observed on day 1 after application

Increases of Zn content in oat grain in 
‘urban’ treatments were beneficial to 
human/animal needs (biofortification)

The treatment with sewage sludge (appr. 
75 yr loading) resulted in the same Cd 
concentration in oat, as cattle manure
and deep litter



different C compounds accumulated for 
the different types of applied organic
waste

related to the degree to which microbial
activity was stimulated and the type of 
microbial communities decomposing



We can see that the soil and biology are positively affected
by the application of the various organic fertilizers.

• The soil organic matter content is increased by the application of the organic fertilizers
- in some cases so much that the content of plant-available water increases significantly

• There is a rather high long-term nitrogen and phosphorus effect on crops from sewage
sludge, somewhat less from compost.

• The numbers of bacteria, fungi, and microfauna (amoebae, flagellates, cilliates, and 
nematodes) increases with the application of the organic fertilizers.

• The numbers of earthworms also increase - especially with the application of sewage
sludge

• The biodiversity of nematords, bacteria and fungi appears to be unaffected

• So despite the supply of large quantities of products containing small amounts of 
unwanted substances - including microplastics - equivalent to more than 100 
years of legal supply, we do not see any harm to soil health!



The double challenge

The organically farmed area must be doubled, while 
at the same time as the use of conventional straw 
and livestock manure is being phased out… ..

20 November - Økologi-kongres 2019, Vingsted



Debates within the organic farming community and dialogue with researchers

Alternative strategies to ensure nutrient supply
will require a tapestry of small solutions.

For some waste types, there is a need for 
discussion, and perhaps a rethinking, about the 
acceptability of use of such resources

Does recycling of non-farm organic wastes
actually represent a real reliance on 
conventional nutrients or a sensible reuse of a 
product?

This is a discussion of principles and is perhaps 
an issue which requires discussion within
organic agriculture about whether this can be a 
considered breach of principles, a compromise
or a fulfilment of the organic ideology of 
working with closed cycles.



Debates within the organic farming community and dialogue with researchers

In 2015 it was decided to moderate the phasing out due to the lack 
of acceptable alternatives, in favor of a more gradual approach to 
replenishing fertility from alternative sources.

There was a principle agreement to the fact that it was preferable to 
recycle ‘safe’ societal resources rather than use conventional manures 
and straw.

It was decided to take a serious look at sewage sludge



A risk assessment comparing contemporary conventional
animal manure and sewage sludge

A quantitative environmental risk assessment

A qualitative risk assessment addressing
Human health impacts of

Medicinal residues and Potentially Toxic Elements 
transmitted through edible plants

Antibiotic resistance in agricultural soils

Main conclusion
The risk associated with agricultural use of Danish 
sewage sludge is comparable to that of pig slurry, 
once the EU limits for Zn and Cu addition to pig 
feed have been fully implemented

Magid J, Pedersen KE, Hansen M, Cedergreen N, 
Brandt KK (2020) Comparative assessment of the 
risks associated with use of manure and sewage 
sludge in Danish agriculture, Adv Agron - ADVAN 
AGRON 162: 289-334, 
https://doi.org/10.1016/bs.agron.2020.06.006

Underlying report freely available for download:

https://plen.ku.dk/raadgivning/rapporter/Assessment_of_risks_rel
ated_to_agricultural_use_of_sewage_sludge_pig_and_cattle_slurry.
pdf

https://doi.org/10.1016/bs.agron.2020.06.006
https://plen.ku.dk/raadgivning/rapporter/Assessment_of_risks_related_to_agricultural_use_of_sewage_sludge_pig_and_cattle_slurry.pdf


Debates within the organic farming community and dialogue with researchers

The organic farmer organizations have asked the Food and 
Agriculture ministry to work towards the legalization of using sewage
sludge subject to quality criteria

(based on the risk assessment comparing contemporary conventional
animal manure and sewage sludge)



Emerging studies

We are looking at microplastics – occurrence and possible breakdown..

INRA is adressing in depth studies of medicinal residues and antibiotic
resistance in human urine treated plots, comparing with cattle slurry and 
sewage sludge

We basic questions on C, N, P and S cycling in the experiment now and in 
the coming years.



Perspectives ..

We have by and large resolved the question of whether it is safe to recycle comtemporary
ressources from Denmark in the longer term, as we have so far been unable to find deleterious
effects on the soil and plant system even when in some cases adding an equivalent of appr. 200 
years of legal applications

While the task we set out to acheive is largely completed, we find a continued interest in the 
CRUCIAL site from society and the scientific community

Therefore we will keep up the trial in the coming years – with less frequent application of most 
waste materials (every 3´rd year)

We are very open to collaboration – the CRUCIAL site is now a well developed ‘historical site’ for 
contemporary waste recycling



Conclusions
• Heavy metal concentrations in 

sewage sludge have declined
substantially over the past decades

• So far we have been unable to 
identify unwanted effects on soil
and crops caused by recycling of 
societal wastes in accelerated
amounts (>200 years of legal doses)

• We have rather been surprised by 
the resilience of the soil ecosystem, 
and conclude that the resilience of 
the soil ecosystem and soil biotic
communities is generally 
underappreciated

• The risk associated with agricultural
use of Danish sewage sludge is 
comparable to that of pig slurry, once
the EU limits for Zn and Cu addition to 
pig feed have been fully implemented

• Danish organic farmer organizations
agree that recycling from society is 
preferable to using conventional straw
and manure, and are working towards
this, even in the case of sewage sludge
in the longer term
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Questions and comments?

Thank you for listening
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