
Discussions and developments in the last 20 
years on recycling nutrients from society in 
organic farming in Denmark

Jakob Magid
Department of Plant and Environmental Sciences.
RELACS Webinar series March 3rd 2021

Recycling, Consumer Credibility
and Ecosystem integrity



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



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

2003 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
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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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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 
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Cadmium in alternative Danish P sources
---limit for imported TSP is 100 mg Cd kg-1 P ---
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Straw ash is
rich in K

Wood ash has well
balanced Ca:Mg:K:P
ratios

Level commonly found
in pig and cattle manure



Jakob Magid, Institut for Jordbrugsvidenskab

The challenge with urban/industrial waste
residues

Lack of reliable

information on soil

toxicity



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



”Enhedens navn” i Sidefod

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 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



Summary of some results

of Plant and 
Environmental 

Sciences

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

Highly robust system – when
measuring procariotic diversity



of Plant and 
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



A REDUCTION IN TILLAGE FUEL 
CONSUMPTION OF 14% 
AT THE ‘NORMAL’ COMPOST 
AMMENDMENT RATE

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



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

A total of 12 pharmaceuticals and personal care products were identified as up 
concentrated in the different treatments compared to the controls (mineral fertilizers), 
among which 8 were found in sludge and 2 in urine treated soils. 

Our results, however, showed a significantly greater abundance of nematodes in soils 
amended with sludge and manure, while C. elegans had the lowest reproduction 
capacity in the controls.

The reproduction capacity tests did not reveal any chronic toxicity.

Long-term fertilization with organic wastes: Nematode faunal response reveals positive 
effects on soil quality despite detection of pharmaceuticals and personal care products
Vuaille J, Gravert TKO, Magid J, Hansen M, Cedergreen N (submitted)

Toxicity ranking screens in C. elegans have repeatedly been shown to be as predictive of rat LD50 
ranking as mouse LD50 ranking. Additionally, many instances of conservation of mode of toxic action 
have been noted between C. elegans and mammals.



Emerging studies

Follow up studies on plant uptake of of pharmaceuticals and personal 
care products

INRA is adressing in depth studies of medicinal residues and antibiotic
resistance in human urine treated plots

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



RECONCILE
2020 -2023

REcycling, 
CONsumer 
CredibILity and 
Ecosystem integrity

Qualitative interviews  
• Focus on ‘progressive’ consumers that have 

sustainability high on their agenda
• Preliminary conclusions are imminent

Quantitative questionnaire survey 
• Focus on ‘ordinary’ consumers
• identify attitudes to benefits / risks of different 

types of fertilizer
• what is acceptable / unacceptable ?
• Couple quantitative data with detailed 

information on consumer preferences

Consumer credibility Ecosystem integrity

Soil health
• Soil nematode abundance and diversity

over a growing season across long-term 
treatments in CRUCIAL

• BNF – functioning and diversity of rhizobia
populations across long-term treatments
in CRUCIAL

Microplastics
• Assessing breakdown in soil
• Assessing toxixity to a specific nematode



Earthworm number and biomass from different treatments

Dias 
25

U: unfertilized

NPK 

CMA: CattleManure accelerated

CHA: Composted Municipal
Household Waste accelerated

SA: Sewage sludge accelerated



FertiHood
2021-2024

Nutrient recycling
for soil fertility and 
improved organic
livelihood

• Quantify industrial waste streams potentially available for Danish organic farms

• The industry has tentatively assessed that this contains simmilar amounts of P as sewage
societal sewage sludge, and will be a substantial N source

• Assess the use of high-quantity potential waste streams for nutrient interactions, salinity effects
and effects on soil fertility indicators

• Assess the effect of long-term fertilization practices (traditional / alternative) fertilizers on 
biological and physical soil fertility indicators

• Work with organic farmers on perception of fertility, and their use of traditional / alternative 
soil fertility measures



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?

The CRUCIAL facility is available for 
collaborative partners – please

remember this

There are numerous questions that
can still be adressed on recycling and 

safety as well as basic soil fertility
work

Thank you for listening


