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NaturErhvervstyrelsen (NEST) har den 16. november 2012 fremsendt en be-

stilling til DCA - Nationalt Center for Fødevarer og Jordbrug, hvori man an-

moder om et notat vedrørende kobber i handelsgødning. Den 6. december 
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 Notat 

 

Copper in Mineral Fertiliser 
 

A comparison of sources to Cu on arable land and considerations regard-

ing a potential cut-off value in mineral fertilisers 

 

John Jensen, Aarhus University, Department of Bioscience 

 

SUMMARY: 

Long term accumulation and risk of copper to terrestrial agro-ecosystems from soil 

amendment with manure, slurry and sewage sludge cannot be ruled out, whereas the 

current normal levels of copper in Danish mineral fertilisers is unlikely to – on its 

own – pose an environmental problem. On fields only fertilised with mineral fertilis-

ers, the annual load is estimated to be below 0.1 % of the background concentration, 

and markedly below the Critical Load of copper on agricultural soils. Analyses of 

mineral fertilisers have, however, revealed maximum concentrations in Danish min-

eral fertilisers, which in combination with the use of manure may lead to an applica-

tion of copper to arable land that exceeds the load considered to be critical for agro-

ecosystems. This may advocate the need of a cut-off value for copper in mineral ferti-

lisers. Using a pre-set of eight Danish farming scenarios, such a cut-off value could be 

estimated to be 55 mg Cu kg-1 in order to ensure a copper load below the threshold es-

tablished by the Critical Load concept, i.e. 40 g-1 ha-1 y-1.  

 

1. General introduction 

In connection with a revision of the Guide pursuant to Regulation (EC) No 

2003/2003 relating to fertilisers, the Commission and the EU member states have 

discussed harmonizing the requirements for all types of fertilisers, including organic 

fertilisers such as sewage sludge and mineral fertilisers and other soil improving 

products. Following this, the revised EU Regulation would replace national regula-

tions. As part of the revision, new cut-off values for e.g. heavy metals are under con-

sideration. This includes a cut-off value for copper in inorganic fertilisers. Within this 

context, this short note aims to elucidate the following aspects: 
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 Why might copper pose an environmental problem for agricultural land in 

Denmark? 

 What are the dominating sources of copper to agricultural land in Denmark? 

 What is the maximum acceptable short term and long term load of copper to 

agricultural land in Denmark? 

 Taking into consideration other sources of copper, what would be an accepta-

ble cut-off criterion for copper in inorganic fertilisers? 

 

2. Copper as an environmental contaminant 

Copper is a naturally occurring element that can be found in all environmental me-

dia: air, soil, sediment, and water. Copper occurs in numerous minerals, and in soils 

copper may be present as soluble compounds, including nitrates, sulfates, and chlo-

rides, and insoluble compounds such as oxides, hydroxides, carbonates, and sul-

phides. Soluble copper compounds strongly sorb to particles of organic matter, clay, 

soil or sand, and demonstrate low mobility in soils. Insoluble copper compounds are 

solid salts and are effectively immobile in soils. 

 

Copper is an essential element in both plants and animals. In animals, copper is es-

sential for haemoglobin formation, carbohydrate metabolism, catecholamine biosyn-

thesis, and cross-linking of collagen, elastin, and hair keratin. In plants, copper is es-

pecially important in oxidation, photosynthesis, and protein and carbohydrate me-

tabolism.  

 
As many other essential metals, copper may also be toxic in excessive dosages. Cop-
per may affect nitrogen fixation, valence changes, and cell wall metabolism in plants. 
Although phytotoxic, copper deficiency has also been demonstrated in plants e.g. by 
wilting leaves, melanism, white twisted tips, and reduction in panicle formation. For 
soil organisms, copper toxicity has also been demonstrated. Copper causes mortality 
and sub-lethal toxic responses in earthworms at much lower soil concentrations than 
Pb and Zn (Malecki et al., 1982; Neuhauser et al., 1985). The susceptibility of earth-
worms to copper may, for example, be a result of an inability of most tissues to syn-
thesize Cu binding ligands in response to the presence of the metal. 

 
2.1 Cu-induced co-selection for antibiotic resistance in soil bacterial 
communities 

 
Vast reservoirs of antibiotic resistance genes exist in bacterial communities present in 
both natural and man-managed environments (Wright, 2007). The soil reservoir is 
bound to be of major significance due to its size, complexity, and placement in the 
human food chain.  It has recently been shown that copper (Cu) co-selected for com-
munity-wide antibiotic resistance in soil taken from a site that was contaminated with 
Cu for more than 80 years ago (Berg et al., 2010). This study is consistent with the 
findings from a previous field study from the same research group at the University of 
Copenhagen, showing a statistically significant linkage between Cu resistance and an-
tibiotic resistance in soil bacterial isolates (Berg et al., 2005). The co-selection phe-
nomenon has further been validated in a series of as-yet-unpublished short-term la-
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boratory studies in Cu-spiked soils carried out by the Copenhagen group (Brandt, 
personal communication) and by another independent research group (Fernández-
Calvino and Bååth, 2012). Furthermore, a correlation between antibiotic resistance 
gene abundance and soil Cu was recently indicated in a comprehensive study of Scot-
tish soils (Knapp et al., 2011). In conclusion, the co-selection phenomenon is relative-
ly well established, although the co-selected antibiotic resistances may vary from soil 
to soil and even between micro-habitats in the same soil (Brandt et al, 2012).   

 
Little is known about the relative importance of the mechanisms by which Cu may co-
select for antibiotic resistance. The underlying co-selection mechanisms (Baker-
Austin et al., 2006) are important for risk characterization as only transferable anti-
biotic resistance is likely to constitute a significant risk for human health. Co--
resistance is a probable mechanism for transferable resistance (Baker-Austin et al., 
2006), as Cu might select for bacteria with mobile genetic elements containing both 
Cu and antibiotic resistance genes (Hasman and Aarestrup, 2002). Such elements 
(e.g. plasmids) may spread rapidly by horizontal gene transfer (HGT) provided that a 
selection pressure is maintained (Beiko et al., 2005). Strong evidence for recent and 
extensive horizontal gene transfer of antibiotic resistance genes was recently demon-
strated in a study showing the prevalence of identical antibiotic resistance genes in 
non-pathogenic soil bacteria and in common pathogenic bacteria in humans 
(Forsberg et al., 2012). Cross-resistance is another possible mechanism, whereby pro-
tection to both Cu and antibiotics is provided by the same resistance determinants 
(Baker-Austin et al., 2006). Typical examples are the secretion of a protective slime 
layer around the cell or the expression of multidrug efflux pumps in bacteria.  
 
In contrast to degradable organic antibiotics, Cu may cause a more persistent selec-
tion pressure for the build-up of antibiotic resistance. However, it is likely that Cu 
threshold concentrations in soil will be higher for co-selection of antibiotic resistance 
than for direct selection of Cu resistance. This was recently indicated in a laboratory 
study (Fernández-Calvino and Bååth, 2012) and has also been observed in a recent 
as-yet unpublished field study (Brandt, personal communication). Cu resistance can 
be selected for even at low and realistic levels of Cu in agricultural soils (Brandt et al., 
2010). More work needs, however, to be done in order to define at which Cu thresh-
olds co-selection of antibiotic resistance occurs. However, if horizontal gene transfer 
plays a major role for the spread of Cu-induced antibiotic resistances, the outcome 
may be an irreversible expansion of the soil bacterial resistome in soils if the accumu-
lation of Cu increases.  
 
In conclusion, although the potential risk of Cu-induced co-selection of antibiotic re-
sistance cannot fully be ruled out in arable soil receiving fertilisers with copper, more 
work needs to be done in order to define at which Cu-thresholds this co-selection of 
antibiotic resistance may occur. This aspect has, therefore, not been included further 
in the present Note. 

 

 

3. No effect levels and critical loads of copper 

In 2007, the European Union published a very comprehensive work on the potential 

risk of copper to human health and the environment (EU VRAR 2007). In order to es-

tablish a Predicted No Effect Concentration, which generally is considered as a safe 

level of copper for the soil ecosystem, toxicity data on terrestrial organisms were col-
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lected from ecotoxicity tests that study relevant ecotoxicological parameters such as 

survival, growth, reproduction, root elongation, yield, litter breakdown and abun-

dance. Relevant endpoints for soil micro-organisms focused on functional parameters 

(such as respiration, nitrification, mineralisation) and microbial growth. Data were 

either from tests focusing on sensitive life stages (eg. root elongation, reproduction) 

or from “chronic exposure” (eg. growth, mortality). Only data from observations in 

natural and artificial (OECD) soil media with properties relevant to European soils 

were used in the report. The physico-chemical properties of the soils tested repre-

sented those encountered in the EU as ranges for pH, OM content and Cu back-

ground were well covered. The summary of effect data and the associated PNEC val-

ues are presented below. 

 

3.1 No effect levels of copper in soils 

Within the EU VRAR, application of stringent quality criteria to the extracted chronic 

toxicity data resulted in a final „high quality‟ dataset of 251 individual chronic 

NOEC/EC10 values from 30 different species and processes representing different 

trophic levels, i.e. (decomposers, primary producers, primary consumers). Data is 

summarised in Box 1. 
 

 

Box 1. Summary of the available ecotoxicity data for Cu. Text cited from the EU Vol-

untary Risk Assessment Report on Copper (EU-VRAR, 2007). 

 

 Plants: 68 NOEC/EC10 values; monocotyle and dicotyle plants including agricultural and wild 

species belonging to 9 different species and 5 different families (Polygonum convolvulus – 

family of the Polyonaceae; Lycopersicon esculentum – family of the Solanaceae; Hordeum vul-

gare, Avena sativa, Pao annua – family of the Poaceae; Senecio vulgaris, Andryala integrifo-

lia, Hypochoeris radicata – family of the Asteraceae; Lolium perenne – family of the Gramine-

ae) 

 

 Invertebrates: 105 NOEC/EC10 values; hard and soft bodied organisms with different feeding 

strategies belonging to 12 different species and 6 different families (i.e. the Eisenia andrei, Ei-

senia fetida,  Lumbriculus rubellus, Dendrobaena rubida, Octalasium cyaneum belonging to 

the family of the Lumbricidae; Cognettia sphagnetorum to the family of the Enchytraedae; Iso-

toma viridis, Folsomia candida, Folsomia fimetaria to the family of the Isotomidae; Hypo-

aspis aculeifer to the family of the Laelapidae, Platynothrus peltifer to the family of the 

Camisiidae, Plectus acuminatus to the family of the Plectidae).  

 

 Microbial processes : 78 NOEC/EC10 values; 9 endpoints: 6 different functions representing 

the C- and N-cycle i.e. respiration (maize, substrate-induced, litter decomposition, glutamic ac-

id decomposition), N-mineralisation, denitrification, nitrification, ammonification, and 3 end-

points measuring microbial biomass (biomass C, biomass N, ATP content). 
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A total of 7 regression models were derived to predict toxicity of copper to terrestrial 

organisms for a wide range of soil types: 2 for plants (1 monocotyle and 1 dicotyle 

plant); 2 for invertebrates (1 for soft-bodied and 1 for hard-bodied invertebrates); 3 

for micro-organisms functions (1 related to the N-cycle and 2 related to the C-cycle). 

Details regarding the models etc. can be found in EU VRAR (2007). 

 

In order to estimate the PNEC for the soil compartment, Species Sensitivity Distribu-

tions (SSD) was constructed using the normalised NOEC/EC10 data. Using the SSD 

fitting model which results in the smallest uncertainty around the HC5, the median 

fifth percentile (HC5-50) was derived. The HC5-50 values ranged between 73.1 and 

172.8 mg Cu kg-1 dw for the defined soil types using the best-fitting model and be-

tween 78.9 and 172.8 mg Cu kg-1 dw using the log-normal model. On the basis of an 

uncertainty analysis (see EU VRAR for details), it was concluded that the HC5-50 can 

be considered robust and an assessment factor (aka uncertainty factor) of 1 to be suf-

ficient. This results in a PNEC-soil ranging between 73.1 and 172.8 mg Cu kg-1 dw for 

the defined EU soil types using the best-fitting model and between 78.9 and 172.8 mg 

Cu kg-1 dw using the log-normal model. 

 

On the basis of the EU evaluation of copper toxicity to soil dwelling species, it is con-

cluded that a concentration of 70 mg kg-1 would be a conservative, yet suitable, esti-

mate of a soil concentration posing no short term risk to soil ecosystems. Hence, any 

short term exposure above this concentration should be avoided. 

 

3.2 Long term Critical Load of Copper 

 

3.2.1 Description of the critical load concept 

Risks due to contaminating metals in the terrestrial environment are often assessed 

by comparing current concentrations against concentrations above which adverse ef-

fects are considered likely to occur. The definitions of these acceptable limits are of-

ten called for example soil quality criteria or soil screening levels. While this ap-

proach is appropriate where risks due to past contamination require management, 

e.g. contaminated land management, or where the annual input is likely to dissipate 

over the year, i.e. short term risk of non-persistent substances, it does not permit the 

assessment of long term future risk due to current or future inputs. To do so, it is 

necessary to combine knowledge of the critical concentrations of metals with 

knowledge of their sources, cycling, and fate.  

 

The critical loads approach is, hence, a suitable method for assessing (future) risks of 

input metals to terrestrial ecosystems. The approach has been successful in interna-

tional negotiations on the reduction of atmospheric deposition of nitrogen and sul-

phur as it presents the maximum level of constant atmospheric pollution that causes 

no or tolerable damage. 
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Reinds et al (2006) calculated the critical loads of copper for terrestrial ecosystems at 

a European scale. To compute critical loads, the internationally accepted methods de-

scribed in the mapping manual were applied, aiming at (a) ecosystem functioning 

protection and (b) human health protection through groundwater quality protection. 

Both types of critical loads were computed for forest ecosystems as well as agricultur-

al systems. A literature survey was carried out to obtain critical limits in view of eco-

toxicological effects as well as drinking water protection. Furthermore, metal con-

tents in agricultural crops and trees were obtained from the literature. For Cu a criti-

cal limit function could be derived that provided a critical concentration as a function 

of soil pH and dissolved organic carbon. The details of the critical limit calculations 

are presented in Appendix A. 

 

The report by Reinds et al (2006) presents an overview of preliminary critical loads of 

Cu (and other metals) for agricultural and non-agricultural soils in Europe, as regards 

impacts on soil organisms and soil processes and water quality. Impacts on food 

quality and crop health are only dealt with in terms of calculation examples, since 

hardly any food quality criteria are available for the considered metals. Results indi-

cate that due to the higher metal uptake and metal leaching, the critical load for agri-

cultural systems is somewhat higher than for forest systems, irrespective of the pro-

tection target chosen. For Cu, critical loads aiming at groundwater protection are 

much higher than for ecosystem protection due to the high allowable concentration in 

drinking water for these metals. Patterns in critical loads are generally mostly deter-

mined by the precipitation surplus pattern in Europe, because metal leaching is, for 

most metals, the dominant term in the critical load. However, for an essential nutri-

ent like Cu, uptake in plant material is important. Critical loads of Cu are therefore 

also affected by patterns in forest growth for natural ecosystems and crop yield for 

agricultural systems. 

 

3.2.2 Critical Loads for Copper 

Figure 1, taken from Reinds et al (2006) shows that 5 percentile critical loads for 

copper related to ecosystem functioning, in Europe range between 5 and 200 g ha-1 

yr-1. Highest critical loads are found in forest areas with a high precipitation surplus, 

such as south-western Norway and Scotland, whereas low critical loads are found in 

areas with a very low precipitation surplus, such as central Spain. In general, critical 

loads are higher for agricultural soils than for forest soils because of higher leaching 

fluxes under annual crops compared to forests (part of the year the soil is bare when 

growing annual crops) and because of the higher uptake of Cu by wheat, which is 

about twice as high as the uptake by forests due to its higher yield. Critical loads for 

drinking water protection vary between 3000 – 10000 g ha-1 yr-1 and are, thus, un-

likely to be exceeded by normal inputs to arable land. 
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In summary, the calculated mean critical loads for Cu at the EU level were: 

 

Forest:    12-70 g ha-1 y-1 

Agriculture  15-100 g ha y-1 

 

when taking forest and agricultural ecosystems into consideration, and 

 

Forest:    1,000-11,000 g ha-1 y-1 

Agriculture  3,700-14,000 g ha-1 y-1 

 

when taking ground water protection into consideration. 

 

 

Figure 1. Critical Loads in EU. Taken from Reinds et al (2006)

 
 

 

From a graphic estimation in Figure 1, the CL for Denmark is estimated to fall in the 

range of 40-60 g ha-1 yr-1 when considering risk to ecosystem functioning. Parts of 

southern Sweden seem to have CL in the range of 30-40, or even as low as 20 g ha-1 

yr-1 (Figure 1) 

 

Posch and de Vries (2009) published Critical Loads for copper in sand, clay and peat 

soils from grassland areas in The Netherlands, using the properties of a simple dy-
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namic model describing the temporal development of the concentration of an arbi-

trary metal in the topsoil under a constant input. They arrived at the following Criti-

cal Loads: 

 

 Sand:  39.2 g ha-1 y-1 

 Clay:  16.3 g ha-1 y-1 

 Peat:  51.6 g ha-1 y-1 

 

These CL were in the same range as the one identified for EU arable land by Reinds et 

al (2006). 

 

In 1998, deVries et al. (1998) presented Critical Load calculations for forest soils 

within The Netherlands. Results indicate that the calculated critical loads strongly 

depend on the type of environmental quality criterion used as critical limit, which 

serves as a basis for the calculation. They found that the Critical Load for Cu varied 

between 150 (Calcerous) and 5,480 (Peat) g ha-1 y-1 when using a critical copper con-

centration in the soil based upon soil quality objectives. The Critical Load was sub-

stantially lower when based upon a critical copper concentration in the soil solution, 

i.e. CL between 120 (sand and clay) and 160 (Loess) g ha-1 y-1.  

 

Although not directly a critical load calculation, the data presented by Andersson 

(1992) on the fluxes, balances and background values of trace metals in Swedish agri-

cultural soils can somehow be used to elucidate the usefulness of the critical load pre-

sented above. Andersson (1992) calculated the in- and out fluxes of trace metals in a 

set of Swedish agricultural scenarios, covering various nutrient and fertiliser supplies 

according to common use in five different crop rotations. In these scenarios, the re-

moval rate (leaching and crop uptake) of Cu was estimated to fall within a range of 

27.3-48.3 g ha-1 y-1, with an average of 39.6 g ha-1 y-1. Using these data, it can be con-

cluded that any input rate exceeding 40 g Cu ha-1 y-1 in average may lead to a long 

term accumulation of copper in agricultural soils in Sweden. There is no reason to be-

lieve the numbers would be significantly different for Denmark.  

 

3.2.3 Conclusion on Critical Load 

Based upon the information presented above, it could be recommended to use a Criti-

cal Load of 15 g ha-1 y-1 as a conservative value for the EU as a whole. According to the 

CL maps in Figure 1, a CL for Denmark of 40 g ha-1 y-1 for agricultural soils seems ap-

propriate. Other Critical Load studies from other similar countries support the con-

clusion that this CL would be sufficiently protective for the majority of Danish agri-

cultural soils. The total annual load of copper on arable land in Denmark should, 

therefore, not exceed 40 g ha-1 y-1 in order to avoid long term accumulation and ef-

fects on terrestrial agro-ecosystems. It would, however, be beneficial to generate and 

calculate national-specific Critical Loads for Denmark based upon updated infor-

mation on fluxes and dynamic processes of copper under conditions found in various 

Danish soil types.  
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4. Sources of copper to arable land in Denmark 

Besides input via mineral fertilisers, which is the primary target of this Note, copper 

may enter agricultural soils via a number of other pathways. These include: 

 

 Atmospheric deposition 

 Sewage sludge 

 Manure or slurry 

 

These three sources are described in detail below with an attempt to quantify these 

within a Danish context. 

 

4.1 Atmospheric deposition 

The atmospheric deposition of copper is part of the national Monitoring Programme 

on atmospheric deposition (Ellerman et al. 2011). The data from 2010 estimated an 

annual load of 7.2 g ha-1 based on data from six monitoring stations. The deposition 

of copper has, like most other metals, been declining over the last decades. Figure 2 

shows the trend in deposition and emission of copper in Denmark and in the EU over 

a 30 year period (1979-2009).  

 
 http://www2.dmu.dk/pub/sr2.pdf 

 Figure 2. The air concentration (red), the wet deposition (blue) and emission (green 

and black) of copper in Denmark and the EU. 

 

 
  

http://www2.dmu.dk/pub/sr2.pdf
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4.2 Sewage sludge 

Denmark has a relatively long and comprising monitoring programme of heavy met-

als in sewage sludge. The level of copper in Danish sewage sludge has been declining 

over the last decade or so (Figure 3). 

 

 
Figure 3. The distribution of copper analysis in Danish sludge in the period 1994-

2002. X-axis is percentile of all measurements and Y-axis is copper concentration in 

mg kg-1 dw (Taken from Jensen and Jepsen 2005). 

 

The latest data set for heavy metals in Sewage sludge in Denmark is from 2005 where 

the production of sewage sludge was estimated to be approximately 132,000 tons dry 

matter, or 1,374,000 tons wet weight coming from approximately 7 million PE. In 

2005, 43 % of all produced sludge ended up directly on arable land as organic fertilis-

er and an additional 5-10% followed after going through a mineralisation process. So, 

in total, approximately half of all Danish sludge, or 65,000 ton dry matter, ended up 

on arable land. 

 

In Denmark, the cut-off value for copper is 1,000 mg kg-1 dw. Almost all sludge sam-

ples met this criterion. In 2005, the average concentration of copper in sludge used 

for agricultural deposition was 210 mg kg-1 dw with 5 and 95% percentiles of 93 and 

483 mg kg-1 dw (Miljøstyrelsen 2009). As a conservative and protective value, a 

sludge concentration of 325 mg kg-1 dw (325 g t-1 dw), corresponding to the 80% per-

centile, is used within the context of this Note (see below). 

 

The Danish sludge regulation prescribes a maximum sludge load of 7 t ha-1 y-1 (calcu-

lated as an average over 10 years). However, at the same time the regulation regulates 

the total phosphorous and nitrogen amendment on arable land. The input by all ferti-
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lisers, including sludge and manure, should not exceed a total of 170 kg N and 30 kg P 

ha-1 y-1, calculated as an average over three years. With an average P content of 30.2 

kg P t-1 dw in Danish sludge, this corresponds to an average annual load of sludge of 1 

t ha-1. As a realistic worse case, a sludge amendment of 2 t dry matter ha-1 is used. Us-

ing these assumptions, together with the average and worse case concentration of 

copper, leads to a load of 210 g Cu ha-1 y-1 on average and 650 g Cu ha-1 y-1 in realistic 

worse case situations.  The latter load can be recalculated into a soil concentration by 

assuming a uniform distribution within the top 20 cm of soil with a density of 1.5 kg 

L-1. The resulting theoretical increase in soil concentration of a single load of 650 g Cu 

ha-1 from sewage sludge is, hence, 0.22 mg kg-1. 

 

4.3 Manure and slurry 

Only limited information exists regarding the copper content in Danish manure and 

slurry. Møller et al. (2007) reported the concentration of copper in manure. Results 

are found in Table 1. Table 1 shows that the Cu concentration in two samples of pig 

slurry ranged from 494 to 640 mg kg-1 dry matter, and in one sample of cow slurry it 

was analysed to be 100 mg kg-1 dry matter. In six samples of anerobically digested 

slurry, the concentration ranged from 200-1,200 mg kg-1 dry matter. Another Danish 

study (Boutrup et al., 1998) reported a concentration of 710 mg kg-1 dry matter in pig 

slurry. 

 

Table 1. Composition of slurry from pig and dairy cow and anaerobically digested 

(fermented) slurry. Data taken from Møller et al (2007). 

  
 http://www.tandfonline.com/doi/pdf/10.1080/09593332808618900 

 a Other study: Nicholson F.A., Chambers B.J. and Williams J.R., Heavy metal con-

tents of livestock feeds and animal manures in England and Wales. Bioresour. 

Technol., 70, 23–31 (1999). 

 

http://www.tandfonline.com/doi/pdf/10.1080/09593332808618900
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Two studies connected to the Danish Monitoring Programme NOVANA measured the 

content of copper in manure. In 2001, 13 samples from pig farms and 16 samples 

from cattle farms were collected and analysed for copper and other substances (Fyns 

Amt, 2002). Copper was detected in all samples covering a span in concentration 

from 20 to 760 mg kg-1 dw. The average concentration in cattle and pig manure was 

48.8 ± 29.1 and 382.8 ± 231.8 mg kg-1 dw, respectively. The year after, this study was 

repeated by collecting 45 slurry samples (17 pig, 25 cattle including 8 from organic 

farms and 2 mixed samples) (Danmarks Miljøundersøgelser, 2003). The analysis 

showed copper concentrations in the range of 21-510 mg kg-1 dw, with an average 

concentration of 64.2 ±58.4, 35.1 ±10.7 and 263.3 ±108.6 mg kg-1 dw in slurry from 

conventional cattle, organic cattle and piglets. 

 

Another Danish study published copper concentration in cattle and pig manure as 

210 and 1,500 mg kg-1 (Kjølholt et al, 1998). Finally Knudsen and Nørgaard (1995, 

cited from Jensen and Løkke 1998) found the copper concentration to be approxi-

mately 500 and 600 mg kg-1 in manure from sows and piglets. 

 

These numbers can be compared to a small set of Swedish samples of liquid (N=4) 

and solid manure (N=4) (Erikson 2001): 

 

Liquid pig slurry (Mean-Min-Max):    149-136-161 mg kg-1 

Solid pig manure (Mean-Min-Max):   113-50-161 mg kg-1 

Cow slurry (Mean-Min-Max):     24-23-25 mg kg-1 

 

The Swedish data indicate that apparently the Cu concentrations in Danish manure 

and slurry are significantly higher than in Swedish manure and slurry. 

 

As a conservative estimate, worse case and average manure concentration of 710 and 

380 mg kg-1 dry matter in pig slurry, respectively, will be used for further processing 

(see Table 5a,b below). For cattle, the values are 100 and 50 mg kg-1 dry matter, re-

spectively. 

 

4.4 Inorganic fertilisers. 

A recent monitoring programme on heavy metals in inorganic fertilisers used in 

Denmark was published by Petersen et al. (2009). Summary data are presented in 

Table 2. 
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Table 2. The mean, median and maximum concentration of copper in various types 

of inorganic fertilisers used in Denmark. Petersen et al (2009).  

Fertiliser type Mean Median Max N 

P 35,3 37,6 47,3 9 

NPK 11,5 11,1 21,4 17 

NP 95,1 9,2 293,4 6 

PK 21,5 12,3 68,9 7 

S -- -- -- 0 

K -- -- -- 0 

M -- -- -- 0 

 

 

4.5 Copper as a pesticide and biocide 

Copper is used as a pesticide and biocide in some specific agricultural productions, 

e.g. fruit, grape or olive plantations. This may result in very high local concentrations 

of copper in soils approaching levels of polluted sites. It is, however, beyond the scope 

of this report to elucidate the potential risk of this usage. 

 

4.6 Concentration of Copper in Danish soils. 

The actual load of copper to arable land should be compared to the natural or current 

background concentration, as studies have shown that it is rather the relative in-

crease and the fraction of easily bioavailable copper than the absolute total concen-

tration that drives the toxicity of copper. 

 

Bak et al (1996) reported the results from a large national survey of heavy metals con-

centrations in Danish soils. Almost 400 samples were collected in a national grid sys-

tem. The copper analyses revealed a concentration range of 0.8-15.9 (5-95 percentile) 

mg kg-1 dw. The median Cu concentrations in 311 agricultural soils are listed below: 

 

Clay soils (n=129)  9.1 mg kg-1 dw 

Sandy soils (n=167)  6.5 mg kg-1 dw 

Humus soils (n=15)  10.1 mg kg-1 dw 

 

These numbers are comparable to, although slightly lower than, the results from a 

large Swedish survey on trace element concentrations in the plough-layer of more 

than 3000 Swedish agricultural soils, finding: 

 

Minimum concentration  1.1 mg kg-1 dw 

Mean concentration   14.6 mg kg-1 dw 

Maximum concentration  102.1 mg kg-1 dw 
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4.6.1 Copper accumulation in agricultural soils 

In order to investigate whether the input of copper (and zinc) from manure to arable 

land in Denmark was likely to increase the soil concentrations, Gräber et al. (2005) 

presented the changes in concentrations of total and 0.02 M EDTA extractable Cu 

and Zn in soils from 1986 to 1998 from samples taken at two depths (0-25 cm and 25-

50 cm) from 73 sites. The results are presented in Table 3 below. The concentration 

of Cu increased significantly between 1986 and 1998 in both fractions for both layers 

in the sites fertilized with manure (Table 3). The relative increase was greatest for the 

plant-available fraction (ECTA extractable) in the 25-50 cm layer, but a significant in-

crease between 1986 and 1998 was also found in the total Cu fraction in the 25-50 cm 

layer in the sites fertilised by mineral fertilisers. The increase in the top soil of total 

Cu over the 12 years corresponds to 1.4 mg kg-1 or 0.12 mg kg-1 per year, i.e. in total 18 

% or annually 1.5 %. The increase in the layer below ploughing was 41 % or annually 

3.4 %. An even higher accumulation rate (64 %) for the 25-50 cm horizon was ob-

served in soils receiving only mineral fertilisers. 

 

Table 3. Median, average, and standard deviation (std. dev) of total Cu (CuT) and 

plant-available Cu (CuP) in 1986 and 1998. N = number of samples. Bold = the dif-

ference of the element concentration between the two samples that is significant at 

the 95% level. Data taken from Gräber et al (2005). 

 

 
 http://rdgs.dk/djg/pdfs/105/2/02.pdf 

http://rdgs.dk/djg/pdfs/105/2/02.pdf
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The potential accumulation rates of copper on arable land in Denmark can also be as-

sessed by comparing the current load with estimated disappearance rates.  Andersson 

(1992) estimated the annual loss (leaching and plant uptake) of copper in Swedish ag-

ricultural soils to be approximately 40 g ha-1 y-1 on average. This should be compared 

to an estimated average load of copper between 9 and 525 g ha-1 y-1 in the 8 selected 

Danish farm scenarios (Table 5a). In the most loaded scenario (pig slurry) this corre-

sponds to an excessive annual load of 485 g ha-1 y-1. This load can be transposed into a 

theoretical increase in soil concentration of 0.16 mg kg-1. With an average background 

concentration of copper on sandy soils of 6.5 mg kg-1 (see above), it will currently cor-

respond to an annual increase of 2.7 % in sandy soils amended with pig slurry. Using 

the same approach with the realistic maximum input from manure and mineral ferti-

lisers, this leads to an annual increase of 5.0 % in sandy soils amended with pig slur-

ry.  In the scenario based only upon the use of mineral fertilisers (cereal production 

without manure), the average and maximum increase in soil concentration would be 

0.06 and 0.08 %, respectively.       

 

5. Assessment of potential cut-off values for copper in inorganic fertilis-

ers 

In order to assess the need for introducing a maximum content of copper in mineral 

fertilisers, a number of standard scenarios in Danish agriculture have been devel-

oped. These are described in more detail in Petersen et al. (2012), but are, in short, as 

described below. 

 

In Table 4, the selected farm typologies used in the inventory are listed. These were 

selected to represent the most important farm types in Denmark, and both farms 

without animal production and farms with pig, cattle and poultry production are rep-

resented. The scenarios include the typically expected fertilizer type used on these 

farms. As there is no information available on the fertilizer types used on different 

farm types. It is assumed that NS fertilizers are used on farms with animal produc-

tion, NPK fertilizers are used on stockless farms and that NP-starter fertilizers are 

used on cattle farms with maize crops. 

 

On average, the farm type “cereal production on loamy soil” apply 49 kg N/ha via 

manure. However, parts of these farms have no manure application at all and only 

apply mineral fertilizers, and a separate calculation for such farms was made as a ref-

erence. Farms without manure application do not necessarily apply P or NPK fertiliz-

ers every year, but in the long term application of P equivalent to the export of P in 

crops is to be expected. 
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Table 4. Mineral fertilizer types expected to be used on selected farm types as re-

ported by Petersen et al. (2009). 

Farm type 
Total  area 

Fertilizer 

type 

 Ha  

Cereal production on loamy soil 180000 NPK 

Cereal production without animal manure No data NPK 

Pigs on loamy soil <1,4 LU/ha 114000 NS 

Pigs on sandy soil<1,4 LU/ha 156000 NS 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 NP +NS 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 NP +NS 

Broiler (chicken) 12000 NS 

Egg production 3600 NS 

 

Based on the information in Table 4 and information on the copper concentration in 

mineral and manure presented above, the estimated application rates on 8 different 

farm types are presented in Table 5a,b below. 
 

From Table 5a, it is clear that the average input of copper from mineral fertilisers is 

relatively low compared to the input from manure and slurry, i.e. between 3 and 20 

%.  

 

If the average content of copper in mineral fertilisers is replaced by the maximum 

concentration measured in a Danish survey (Table 2) and the average concentration 

of Cu in manure, the relative input from mineral fertiliser increases to a range of 5-44 

%. In the maximum scenario (Table 5b), based only upon mineral fertilisers (cereal 

production, no manure), the annual load is calculated to be 16 g ha-1, i.e. markedly be-

low the estimated critical load. 

 

Recalculated to a theoretical soil concentration, the total maximum input of the 

sources listed in Table 5b together with atmospheric deposition (7 g ha-1 y-1), would in 

the 8 scenarios lead to an elevation of the soil concentration in the range of 0.005-

0.33 mg kg-1 provided no removal occurs. This corresponds to approximately 0.1-5 % 

of the background concentration in arable land in Denmark. 

 

When comparing the various input to arable land outlined in the scenarios in Table 4 

with the Critical Load of copper of 40 g ha-1 y-1 (discussed in section 3.2.3),  it is clear 

that this would be exceeded by use of manure and slurry alone in all of the selected 

farming scenarios. The Critical Load would be exceeded by half an order of magni-

tude on fields with cereal production and on fields amended with pig slurry by more 

than an order of magnitude. In cases with manure containing copper at the higher 

end of the concentration range, i.e. 710 mg kg-1 (Table 5b), the Critical Load is ex-

ceeded by a factor of 25.  
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Table 5a. Average Scenarios.  Average annual application rates of copper to select-

ed Danish farm types based on farm fertilizer reports from 2002 (Kristensen, 2005) 

and average  concentrations in Danish inorganic fertilizers (Table 2, Petersen et al. 

2009) and manure (See text). It is assumed that NS fertilizers are used on farms 

with animal production, NPK fertilizers are used on stockless farms and that on cat-

tle farms NP starter fertilizers are used in maize crops. The Critical Load of Cu is in 

comparison estimated to be 40 g ha-1 y-1 (see text above) 

Farm type 

 

Animal manure 

   

Mineral fertilizer 

   

Total 

 

From 

mineral 

fertilizer 

 

kg 

N/ha 

Kg 

N/ton 

% 

DM 

Cu 

mg/kg 

DM 

Cu 

g/ha 

kg 

N/ha %N 

Cu 

mg/kg 

Cu 

g/ha 

Cu 

g/ha % 

Cereal production 

on loamy soil 
49 5.6 6.5 380 216 112 20 11.5 6 222 3 

Cereal production 

without manure 
- - - - 0,0 149 20 11.5 9 9 100 

Pigs on loamy soil 

<1,4 LU/ha 
119 5.6 6.5 380 525 82 25 0 0 525 0 

Pigs on sandy 

soil<1,4 LU/ha 
118 5.6 6.5 380 521 68 25 0 0 521 0 

Cattle on loamy 

soil, 1,4-2,3 LU/ha 
154 5.3 9.1 50 132 67 25 95.1 32 164 19 

Cattle on sandy 

soil, 1,4-2,3 LU/ha 
168 5.3 9.1 50 144 76 25 95.1 36 180 20 

Broiler (chicken) 97 26.9 57.8 81.5 170 89 25 0 0 170 0 

Egg production 104 7.3 11.1 81.5 129 80 25 0 0 129 0 

LU: livestock units.  
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Table 5b. Realistic Worse Case scenarios. Worse case annual application rates of 

copper to selected Danish farm types based on farm fertilizer reports from 2002 

(Kristensen, 2005) and average  concentrations in Danish inorganic fertilizers (Ta-

ble 2, Petersen et al. 2009) and manure (See text). It is assumed that NS fertilizers 

are used on farms with animal production, NPK fertilizers are used on stockless 

farms and that on cattle farms NP starter fertilizers are used in maize crops. The 

Critical Load of Cu is in comparison estimated to be 40 g ha-1 y-1 (see text above) 

Farm type 

 

Animal manure 

   

Mineral fertilizer 

   

Total 

 

From 

mineral 

fertilizer 

 

kg 

N/ha 

Kg 

N/ton 

% 

DM 

Cu 

mg/kg 

DM 

Cu 

g/ha 

kg 

N/ha %N 

Cu 

mg/kg 

Cu 

g/ha 

Cu 

g/ha % 

Cereal production 

on loamy soil 
49 5.6 6.5 710 404 112 20 21,4 12 416 3 

Cereal production 

without manure 
- - - - 0,0 149 20 21,4 16 16 100 

Pigs on loamy soil 

<1,4 LU/ha 
119 5.6 6.5 710 981 82 25 0 0 981 0 

Pigs on sandy 

soil<1,4 LU/ha 
118 5.6 6.5 710 972 68 25 0 0 972 0 

Cattle on loamy 

soil, 1,4-2,3 LU/ha 
154 5.3 9.1 100 264 67 25 293 98 362 27 

Cattle on sandy 

soil, 1,4-2,3 LU/ha 
168 5.3 9.1 100 289 76 25 293 111 400 28 

Broiler (chicken) 97 26.9 57.8 81,5 170 89 25 0 0 170 0 

Egg production 104 7.3 11.1 81,5 129 80 25 0 0 129 0 

LU: livestock units.  

 

 

If solely including the input from mineral fertilisers, it can be estimated that the vari-

ous types of fertiliser should have copper concentrations lower than 55 mg kg-1 in or-

der to avoid a load exceeding the Critical Load of 40 g ha-1 y-1. 

 

It can, furthermore, be estimated that the concentration of copper in mineral fertilis-

ers should be higher than 355 mg kg-1 in order to result in a load of copper from this 

source singlehandedly exceeding 1 % of the natural background concentration in agri-

cultural soils in Denmark (see section 4.5). 

 

Finally, it can be concluded that it is unlikely to observe short term effects of copper 

from use of fertilisers after a single year of amendment, as it would take a concentra-

tion in mineral fertilisers of almost 250,000 mg kg-1 if used as the only fertiliser to 

reach a final soil concentration corresponding to the predicted no effect concentra-
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tion of copper on 70 mg kg-1, even when including the natural background concentra-

tion and atmospheric deposition. This calculation on the acute risk is, however, less 

relevant compared to the context of assessing the potential long term risk of a repeat-

ed annual application of a non-degradable element like copper. 

 

 

6. Conclusion 

Copper is a natural element that is essential for most organisms, but at the same time 

may have adverse effects on plants and animals if exposure exceeds a critical limit. It 

may, furthermore, when exposure is sufficiently high lead to co-selection in microor-

ganisms leading to antibiotic resistance. The  EU has estimated the critical limit (pre-

dicted no effect concentration) in soil to be 70 mg kg-1. Exposure calculation predicts 

that it is very unlikely to reach this limit as a result of a single amendment with min-

eral fertilisers. The potential of copper to induce microbial co-resistance towards an-

tibiotics has been evaluated. Although no firm conclusion can be made at present, it 

seems that the copper concentration needed to drive the necessary selection of co-

resistance is higher than the concentrations likely to be observed in agricultural soils. 

 

As outlined below in Table 6, the major source of copper on agricultural soils in 

Denmark is from manure, where the substantial use of copper in e.g. the production 

of piglets may lead to a relatively high concentration in manure or slurry. Even in 

scenarios where the maximum measured concentration in mineral fertilisers is used 

together with the average concentration in manure, the relative input of copper from 

the latter will be more than 50%, i.e. 56 %. 

 

The current agricultural use of copper in piglet production is likely to result in copper 

concentration in manure and slurry that, consequently, will lead to a load of copper to 

arable land at least an order of magnitude above the estimated Critical Load. The 

same is true for sewage sludge, although the load is estimated to be on average at 

least 50 % lower than manure. It has furthermore been demonstrated that the aver-

age level of Cu in pig slurry may, under Danish conditions, result in accumulation in 

agricultural soils by 2.7 % annually, increasing to 5 % in realistic worse case scenari-

os, whereas for mineral fertilisers alone the potential accumulation rate is on average 

0.06 % per year . Long term accumulation and risk of copper to terrestrial agro-

ecosystems from soil amendment with manure, slurry and sewage sludge can there-

fore not be ruled out, whereas the current level of copper in mineral fertilisers is un-

likely to – on its own – pose an environmental problem. Analyses of mineral fertilis-

ers have, however, revealed maximum concentrations that may lead to a load of cop-

per to arable land that may exceed the Critical Load.  
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Table 6. The estimated input of Cu to arable land in Denmark from various sources 

compared to the estimated Critical Load 

Input Source 

Estimated Load 

g ha-1 y-1 

Critical Load 40 

Atmospheric deposition 7 

 

Average scenarios (see text) 

Mineral fertilisers1 9 

Manure and slurry1 525 

Sewage sludge1 210 

  

Realistic worse case scenarios (See text) 

Mineral fertilisers1 16 

Manure and slurry1 981 

Sewage sludge1 650 
1 Load when used as single fertiliser source  

 

Based on the measured mean concentration of Cu in the mineral fertilisers used in 

Denmark, this source alone will not lead to a load exceeding the Critical Load esti-

mate, as the contribution from mineral fertilisers in eight Danish farming scenarios is 

estimated to be 36 g ha-1 y-1 (Cattle scenario) or lower as opposed to the Critical Limit 

of 40 g ha-1 y-1. Using mineral fertilisers with copper content corresponding to the 

maximum concentration measured in a Danish survey will, however, lead to a maxi-

mum load of 111 g ha-1 y-1 (Cattle scenario), which is markedly higher than the Critical 

Load. This may indicate a need for having cut-off values for copper in mineral fertilis-

ers, although the input from animal manure is higher in all of the scenarios that com-

bine the two fertiliser types. 

 

Calculating backwards from a Critical load of 40 g Cu ha-1 y-1 to an acceptable concen-

tration in mineral fertilisers, using the pre-set eight Danish farming scenarios, would 

lead to a suggested cut-off criterion in mineral fertilisers of 55 mg kg-1, with the sce-

nario of cereal production (without the use of manure) being the most sensitive sce-

nario regarding mineral fertilisers.  
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APPENDIX A 

 

Calculation of critical limits of copper in Reinds et al (2006) 

 

Ecotoxicological effects 

For Cu there is a critical limit function (Lofts et al, 2003 and De Vries et al., 2006) 

which relates the critical concentration to the pH according to: 

log[Cu]free(crit) = -1.23· pHss - 2.05 

 

Doyle et al. (2003) also reported a critical free metal ion concentration in solution. 

Their expected no effect value (ENEV) does not depend on pH and is fixed at 40 

μg.l-1. This value is at the high end of the critical limit function which gives critical 

concentrations around this value at pH 3. At higher pH values, critical Cu 

concentrations are lower, with values being more than a factor thousand lower at pH 

6. 

 

Human health effects 

There are no food quality criteria for Cu in crops. There is however a critical limit for 

Cu in residues of pesticides in crops in the Netherlands of 24 mg.kg-1. There are, 

however, no relations available applicable to the field scale between concentrations in 

crops and concentrations in soil or soil solution (see below). The limit for drinking 

water: 2 mg.l-1 (EU and WHO). 

 

Animal health effects 

In the Netherlands there are critical limits in fodder crops for cattle to protect animal 

health. For grass and maize the maximum concentration for cows is 40 mg.kg-1. For 

sheep, that are more sensitive to copper, the maximum concentration is 17 mg.kg-1. 

 

There are, however, no relations available applicable to the field scale between 

concentrations in crops and concentrations in soil or soil solution. We have not used 

relations derived from pot experiments because these are generally different (predict 

higher metal concentrations) from relations derived from field data. Also the data on 

which these relations are derived are often very limited with regard to variation in 

soil type and pH. 
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