
 
 

DCA - Nationalt Center for 
Fødevarer og Jordbrug 
 
Rikke Flinterup 
 
Specialkonsulent 
 
Dato: 18. september 2015 

 
 
Mobiltlf .:  22431656 
Fax: 8715 6076 
E-mail:  rcf@dca.au.dk 
Sagsnummer:  
Afs.  CVR-nr.:  31119103 
Reference: rcf 

 
 
Side 1/1 

AARHUS 
UNIVERSITET 
DCA - NATIONALT CENTER FOR FØDEVARER OG JORDBRUG 

NaturErhvervstyrelsen 

Vedr. risikovurdering af grænseværdier for industrielle kalkningsmidler 

 
NaturErhvervstyrelsen (NAER) har den 2. juli 2015 bedt DCA – Nationalt Center for 
Fødevarer og Jordbrug om en økotoksikologisk risikovurdering af grænseværdier for 
kalkningsmidler, som er restprodukter fra anden industri. 
 
NAER ønsker vurderingen foretaget, idet Kommissionen har foreslået inklusion af 
grænseværdierne i den nugældende Gødningsforordning samt idet grænseværdierne 
forventes overført til forslag til en ny gødningsforordning, hvis et sådant præsenteres 
primo 2016.  
 
Som besvarelse på bestillingen fremsendes hermed vedlagte notat ”Environmental 
evaluation of the suggested limit values for metals in calcium silicate used as liming 
materials on EU soils”. Notatet er udarbejdet af seniorforsker John Jensen, Institut 
for Bioscience. 
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calcium silicate used as liming materials on EU soils. 
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18th September 2015 
  

1. Introduction 

Mineral liming materials contain impurities of a range of metals. The level of heavy metals 

depends on the geographical and geological origin of the product in use. Many metals are 

essential microelements for plants and animals. High exposure to metals may, however, also 

results in ecotoxicological effects on living organisms if concentrations are too high.  

Applications of heavy metals to agricultural land via various sources like atmospheric 

deposition, organic fertilisers such as sewage sludge and manure, mineral fertilisers and micro-

nutrients should therefore be minimised wherever feasible.  

As a result of this, in the suggestions for amendment to Regulation no 2003/2003, the 

Commission has suggested the following addition1: 

 

The contaminant content in liming materials shall not exceed the following Cut-off limit values 

Cd  3 mg/kg dry matter  

Cr VI  2 mg/kg dry matter 

Hg  2 mg/kg dry matter 

Ni  90 mg/kg dry matter 

Pb  200 mg/kg dry matter 

As  120 mg/kg dry matter 

 

                                                 

1
 Taken from the ANNEXES to Commission Regulation (EU) No.../...amending Regulation (EC) No 2003/2003 of the European 

Parliament and of the Council relating to fertilisers for the purposes of adapting Annexes I and IV  

 



In Table G.3, the following entry 2 is added  

No 
Type 

designation 

Data on method of 

production and 

essential ingredients 

Minimum content of 

nutrients (percentage by 

weight) 

Data on the expression of 

nutrients 

Other requirements 

Other data 

on the type 

designation  

Nutrient content to be 

declared 

Forms and solubilities of 

the nutrients  

Other criteria to be 

declared 

1 2 3 4 5 6 

2 Calcium 

silicate 

Product from  

silicon production 

containing as  

essential ingredients 

calcium silicate and 

calcium oxide 

Minimum neutralising 

value: 42 

Fineness determined by 

wet sieving: 

at least 97% to pass 

through a 3.15 mm 

sieve;  

at least 80% to pass 

through a 1 mm sieve; 

and 

at least 50% to pass 

through a 0.5 mm 

sieve. 

 Neutralising value 

Total calcium 

Total magnesium 

(optional) 

Reactivity and method of 

determination (optional) 

Moisture (optional) 

Fineness determined by 

wet sieving (optional) 

Soil incubation results 

(optional) 

 

 

There are multiple aspects that can be considered when evaluating the potential environmental 

risk associated to the suggested limit values. These being: 

1) Can the use of calcium silicate when taking the introduced limit values into 

consideration result in a higher load of these metals on arable land in Denmark? 

2) Can liming with calcium silicate controlled by the suggested cut-off limits of 

metals pose a risk for soil organisms and soil quality on the long term? 

 

These two main questions are addressed separately below. 

 

  



2. Can the use of calcium silicate when taking the introduced limit values into 

consideration result in a higher load of these metals on arable land in Denmark? 

 

There are basically two drivers that influence the annual load of metals from lime to arable 

land. These are the concentration of metals in the liming material and the annual load of liming 

material to the soil, i.e. 

AL(M) = AL (L) x C (M)         (eq. 1) 

Where: 

AL(M) = Annual load of metal (g/ha/y) 

AL (L) = Annual load of liming material (t/ha/y) 

C (M) = Concentration of metal in liming material (g/t) 

 

Limes are applied on agricultural soils to maintain an appropriate pH in soil and thereby 

maintaining good growing conditions. The annual loading of liming material is therefore 

controlled by the soil- and crop-specific need and the neutralising value of the liming material.   

In order to evaluate the potential risk of imposing (new) cut-off values for liming materials to be 

used throughout the EU, a conservative worst-case approach needs to be considered. 

The minimum neutralising value of calcium silicate is set to be 42. This is lower than for e.g. 

CaCO3. Typical neutralising values vary between 48 – 54%. So in worst case situation where 

calcium silicate only fulfil the minimum requirement of neutralising capacity it may be 

approximately 15% lower than for example limestone. This could lead to a similar increase in 

the load of lime.     

The limes used in Denmark are mainly soft limestone derived from Danish mines, but there is 

also an import of dolomite lime and part of the lime derives from the national sugar industry. 

According to national recommendations it is advised to apply in the range of 330-500 kg 

lime/ha/y depending on the sensibility of the crops. Typically this is done by applying 2 t/ha 

every 4-6 years. That is when soil pH is already within an appropriate interval.  



The actual average lime application in Denmark is, however, apparently lower. The Danish 

AgriFish Agency (NaturErhvervsstyrelsen) reported in 2010 the Danish sale of lime to be 

478.000 tons. Assuming that 2.4 mill. ha are limed regularly this is equivalent to 200 kg/ha/yr.  

If assuming that the load of lime is increased by 15% if using calcium silicate instead of 

limestone, this would lead to an additional load of 30 kg/ha/y when based on sales numbers in 

Denmark and up to 75 kg/ha/y when based upon the maximum recommendations. This is off 

course only the case on soils where the normal liming materials are replaced by calcium 

silicates, which most likely would be a minor part of the 2.4 million ha currently used for arable 

purposes. It is not possible with the current information to judge the future use of calcium 

silicate.   

It is, however, not only the load of lime that may increase with the change of liming material, 

but more importantly also the metal load, as the metal content may differ between current and 

future liming material.   

A comparison of the current range of metals found in typical Danish lime originating from soft 

lime stone (Table 1) reveals that proposed EU limits for calcium silicate are markedly higher 

than the current range of metals found in the typical lime materials produced in Denmark. The 

different may be up to two orders of magnitude. The same is true if compared to average and 

maximum values measured in a wide range of calcium silicate limes throughout the EU (Table 1 

and 2). 

Table 1. Range of metal concentrations in limes (soft limestone) produced in Denmark and in 

silicate limes within the European Union and the suggested EU limits for metal concentrations in 

calcium silicate when used as lime (Unpublished results from an EU survey made in December 

2010).  

  Total content (mg/kg dry matter) 

  As Pb Cd Crtot Cr
VI

 Ni Hg 

EU cut-off limits 120 200 3 -  2 90 2 

DK range (Min) 0.24 0.26 0.79 1.2 - 2.6 0.005 

DK range (Max) 1.1 4.3 1.39 2.4 - 5.75 0.015 

DK average 0.8 3 1 2 - 4.5 0.01 

EU-average in silicate limes
*
 6.2 11 0.5 1177 0.6 17.1 0.1 

EU-max in silicate limes
*
 56 103 5 5130 3 350 0,4 

Ratio of:    EU limit : DK max 109 47 2.2 - - 16 133 

                   EU max : DK max 51 24 3.6 2138 - 61 27 

                   EU avg. : DK avg. 7.8 3.7 2 589 - 3.8 10 

*See Table 2. 



Table 2: Heavy metal content in silicate limes in EU (mg/kg liming materials).2 

Trace Elements in Silicate Lime Fertiliser in Europe 

mg/kg As Pb Cd Cr total 
Cr 

(VI) 
Cu Ni Hg Tl Zn 

Sample no. ( total) 110 338 307 338 40 326 351 54 27 312 

Min 0,0 0,3 0,0 0,2 0,0 0,4 0,0 0,0 0,1 0,5 

Max 56,0 103,0 5,0 5130,0 3,0 252,0 350,0 0,4 14,5 1255,0 

Mean 6,2 11,0 0,5 1177,5 0,6 14,1 17,1 0,1 2,0 78,9 

10. Percentile 1,00 3,2 0,2 85,3 0,1 1,5 2,5 0,0 0,1 17,8 

50. Percentile (Median) 5,00 6,1 0,4 1.222,5 0,4 6,9 9,7 0,1 0,5 46,6 

95. Percentile 20,55 29,9 1,0 2.394,6 1,9 57,7 46,2 0,2 12,9 270,9 

100. Percentile (Max.) 56,00 103,0 5,0 5.130,0 3,0 252,0 350,0 0,4 14,5 1.255,0 

 

Table 3. The approximated annual increase3 in metal load as a result in changing the use of the 

current Danish lime materials with calcium silicate complying to the A) The average 

concentration in both DK limes and EU silicate liming materials; B) The maximum concentration 

in both DK limes and EU silicate liming materials and C) The maximum concentration in DK limes 

and cut-off values in EU for calcium silicate.  

Increase (fold) in the annual load  @ Scenario: As Pb Cd Cr VI Ni Hg 

A. EU Silicate lime - average scenario 9 4 2 - 4 12 

B. EU Silicate lime – maximum scenario 59 28 4 - 70 31 

C. EU Silicate lime – Cut-off limit scenario 125 54 3 - 18 153 

 

  

                                                 
2
 TAKEN FROM : Note to the Members of the Fertilisers Working group. Rev.1 – 16.11.2011. EUROPEAN COMMISSION. 

ENTERPRISE AND INDUSTRY  DIRECTORATE-GENERAL 

 
3
 Calculated as the ratio between the annual load in the EU- and the Danish scenario(s), i.e. (annual load of calcium silicate x the 

concentration of metal in calcium silicate) / (annual load of soft limestone x the concentration of metal in soft limestone) 



2. 1 Conclusion on annual loading  

From the figures in Table 3 it is evident that by exchanging the current lime materials typically 

used in Denmark, i.e. soft limestone, with calcium silicate, a significant increase in the annual 

load of metals from liming materials can be expected. For the metals arsenic and mercury the 

increase may be two orders of magnitude provided calcium silicate with metal concentrations 

up to the suggested limit values are used. For cadmium the increase in loading from lime may 

be two or three fold.  The annual load of lead and nickel may also increase considerably on 

areas limed with calcium silicate compare to the current Danish situation using soft limestone.  

It has to be stressed, that it is at present unclear how common the use of calcium silicates as 

liming materials could be in EU and Denmark. The calculations presented above it therefore 

expected to represent the situation on the minority of Danish soils, as it is unlikely that calcium 

silicates can replace a significant part of the lime material currently used in Denmark. Equally 

important, it must be emphasised that previous calculations4 have shown that the current 

contribution to the overall load of metals on arable land in Denmark, in average generally is 

relative low compared to other sources like organic and mineral fertilisers. Jensen et al3 

calculated metal load from eight common farm systems each having a distinctive fertiliser and 

lime use. Appendix 2 shows the outcome of these calculation and Table 4 summarise the 

maximum contribution to the total load of metals on arable soils in Denmark originating from 

liming materials under various scenarios, i.e. average and maximum measured concentrations 

in Danish lime and calcium silicate and the suggested cut-off limit for liming materials in EU. 

Here it is evident that if Danish soils are to be limed with calcium silicate or other liming 

material having metal concentrations corresponding to the EU cut-off limits, then this source 

will be the major source of all metals, with arsenic, lead and mercury contribution above 90% of 

the total load.  Table 4 also shows that changing the current use of soft limestone with calcium 

silicate will markedly increase the overall contribution of lime as source of metals on arable 

land in Denmark.   

  

                                                 
4
 Jensen et al. 2012. Internal Note for DCA – Nationalt Center for Fødevarer og Jordbrug . Ecotoxicological evaluation of six 

heavy metals applied with limes and fertilisers in DK. Økotoksikologisk vurdering af seks tungmetaller i kalkningsmidler og 

gødningsstoffer. 

 

 



Table 4. The maximum contribution (%) to the total load of metals on arable soils in Denmark 

originating from liming materials under various scenarios, i.e. average and maximum measured 

concentrations in Danish lime and calcium silicate and the suggested cut-off limit for liming 

materials in EU. Furthermore the maximum total load (g/ha/y) of metals for the scenario of soils 

being fertilised according to standards and limed with material having metal concentrations 

corresponding to the EU cut-off limits.  

  
Maximum % of annual input originating from 
liming material 

Scenario As Pb Cd Ni Hg 

Denmark average 19 37 39 8.9 6.6 

Calcium silicate average 64 69 24 32 41 

Denmark worst case 24 46 47 14 9.6 

Calcium silicate worst case 94 95 76 91 74 

EU limit value 97 98 66 72 93 

      Maximum load of all sources at 
the EU limit for liming material 
(g/ha/y) 

57 92 4.5 9.9 1.7 

 

  



 

3. Can liming with calcium silicate controlled by the suggested cut-off limits of 

metals pose a risk for soil organisms and soil quality on the long term? 

 

3.1 PNEC versus annual input 

Traditionally risk of exposure to hazardous substances is based upon a more or less simple 

comparison of the predicted environmental (exposure) concentration and a so-called “PNEC 

value” (Predicted No effect Concentration), which is considered as soil concentrations that are 

protective for soil ecosystems and the species living herein. The PNEC for the entire soil 

ecosystem is typically estimated on the basis of a relative few laboratory studies with single 

species. To protect all species, the results from the laboratory are extrapolated to PNEC values 

orders of magnitude – defined by the used “uncertainty” or “assessment” factors - below the 

results obtained in the laboratory. The magnitude of the assessment factor depends on the 

quantity of data and the number of trophic levels covered by the collected ecotoxicity data. 

The risk assessment approach presented is typically used for assessing single event and worst 

case situations. It is therefore most optimal for substances which are fully or partly degraded 

between application events. In these cases a worst case and a steady state concentration can 

easily be calculated and compared to the PNEC. For metals, where degradation is absent this is 

a more complex situation as the main drivers in the dissipation is leaching and uptake in crops. 

A strict comparison of the PNEC with the PEC after one year of liming is therefore not a relevant 

approach. Instead it is calculated how many year it will take to reach the PNEC in soil limed with 

calcium silicate having metal concentration up to the suggested cut-off values, provided that 

metals are not leached or bioaccumulated in crops, i.e. a very conservative worst case situation.  

According to national recommendations it is advised to apply in the range of 0.33-0.5 tons 

lime/ha/y depending on the sensibility of the crops. Typically this is done by applying 2 t/ha 

every 4-6 years. That is when soil pH is already within an appropriate interval. A conservative 

but yet realistic scenario will then be 400 kg lime/ha/year. Assuming an increase need of liming 

material of 15% if using calcium silicate compared to soft limestone (see above), an annual load 

of 460 kg/ha is used in the calculations. Table 5 lists the estimated soil concentration originating 

from a realistic load of calcium silicate having the maximum accepted metal concentration. 

  



Table 5. Estimated soil concentrations of a set of metals after one year of liming with calcium 

silicate having metal concentration up to the EU cut-off values, and the years it take to reach 

PNEC alone from liming and in combination with organic and inorganic fertilizers (See Table 4 

and Appendix 2). It is assumed that the metals, as a result of ploughing, are uniformly mixed 

into the upper 20 cm of a soil with a density of 1.5 kg/dm3 or 300 kg soil/m2. The sources of 

PNEC values are described in Appendix 1.  

 As Pb Cd Cr VI Ni Hg 

EU cut-off concentration (mg/kg) 120 200 3 2 90 2 

Annual load of lime material (kg/ha) 460 460 460 460 460 460 

Annual load of metal from liming (g/ha) 55.2 92 1.4 0.9 41.4 0.9 

Annual Increase in soil concentration from liming (mg/kg)
(#) 

0.018 0.031 0.0005 0.0003 0.014 0.0003 

PNEC (mg/kg)
(§) 

12 166 1.15 N.A 23.75 6.6 

Current concentration in Danish arable soils
5
 3,6 11,3 0,18 N.A. 5,7 0,036 

Years to reach PNEC by liming
(*)

 467 4990 1940 N.A. 1289 21880 

Years to reach PNEC by liming and fertilizers
(*)

 442 5045 647 N.A. 5470 11584 
(#) Calculated as the soil concentration when mixed into the upper 20 cm of a soil with a density of 1.5 kg per L.

 (§)
 See text 

below and Appendix 1. The natural background concentration is based on the soil concentration measured at Danish nature 

areas as published by Jensen et al (1996). 
(*)

 Calculated as Bg. Conc. + annual input assuming no dissipation of metals.
!
 Based on 

the data shown in Table 4 and Appendix 2. 

 

The PNEC listed in Table 5 is taken from a number of sources. Priority has been made to the 

PNEC values for soil organisms derived by the EU in their Risk Assessment Reports (RAR) 

prepared by one or more national states and commented by the rest of EU in the context of 

Council Regulation (EEC) No. 793/93 on the evaluation and control of existing substances. If EU 

RAR were not available the PNEC value has been apprehended from either the Ecological Soil 

Screening Values (Eco-SSL) published by the US EPA or the Canadian Soil Quality Guidelines 

(SQG) being science-based goals for the quality of terrestrial ecosystems published by the 

Canadian Council of Ministers of the Environment (CCME). Short reviews of the available EU 

PNEC values for cadmium, chromium, lead. Nickel, arsenic and mercury are presented in 

Appendix 1. 

Based on the results presented in Table 5, it is evident that the estimated loading of metals 

from calcium silicate is not in itself in conflict with the established safe levels in soils as 

published by the EU, US/EPA and the Canadian Council of Ministers of the Environment, as its 

will take in the range of ca. 600-22,000 years to reach critical soil levels based on lime as the 

only input source. These estimates are on the one hand very conservative as it assumes no 

leaching and plant uptake on the other hand it does not take other sources of metals in arable 

soils into consideration. If incorporating the load metal on arable land from organic and 

                                                 
5
 Jensen et al (1996). Tungmetaller i danske jorder. Tema-rapport # 4.Danmarks Miljøundersøgelser. 



inorganic fertilisers into consideration (see Table 4 and Appendix 2), the number of years to 

reach PNEC  

 

 

3.2 Critical load 

Long term accumulation for contaminants in soils is an important issue especially for metals, as 

they are not biodegradable. The long-term accumulation depends on the starting point, i.e. the 

current heavy metal concentrations, as well as the fluxes of metal from various sources in and 

out of the soil. Sources of input of metals to agricultural soils are dominantly fertilisers and 

atmospheric deposition. The out-flux of metals is primarily controlled by uptake in crops and 

subsequently removal via harvest and leaching/runoff via water flow.  

The provisional long term risk following repeated application has not been assessed. Such an 

assessment can typically be performed via advanced and dynamic models and/or by critical 

load models (that usually contain simple steady-state modelling). A critical load indicates only 

the sensitivity of an ecosystem against the anthropogenic input of the metal of interest. It 

implies a potential risk at sites where the critical load is exceeded. In agricultural ecosystems, 

the exceedance of critical loads of heavy metals is not only determined by atmospheric inputs 

(being generally the only source in non-agricultural ecosystems), but by total inputs, including 

fertilizer and animal manure inputs. Exceedance of critical loads of heavy metals means that 

critical limits will be exceeded in the future, but not necessarily at present. It thus implies a 

potential future risk. 

 

Critical loads are based on a steady-state concept. They are the constant depositions an 

ecosystem can tolerate in the long run, i.e. after it has equilibrated with these depositions. 

However, many ecosystems are not in equilibrium with present or projected depositions, since 

there are processes (‘buffer mechanisms’) at work, which delay the reaching of equilibrium 

(steady state) for years, decades or even centuries. By definition, critical loads do not provide 

any information on these time scales. 

Ashmore et al (2006)6 calculated the critical load for soils throughout the UK. The critical loads 

for Cd range from 0.87 g/ha/y to 171 g/ha/y, with a mean value of 17.7 g/ha/y. The values for 

Pb are higher, with a minimum of 3.08 g/ha/y, a maximum of 2011 g/ha/y 1 and a mean of 84.7 

g/ha/y. Nickel range from 13.1 to 40730 g/ha/y with a mean of 2423 g/ha/y.  

                                                 
6
 Ashmore et al (2006). FURTHER DEVELOPMENT OF AN EFFECTS (CRITICAL LOADS) BASED APPROACH FOR CADMIUM, COPPER, 

LEAD AND ZINC. Final Report for Defra, UK. November 2004 

 



Slootweg et al (2014)7 reported the estimated critical load of cadmium, lead and mercury in EU. 

Critical loads of cadmium, lead and mercury were computed by 16, 16 and 9 countries, 

respectively. No data for Denmark was presented.  The overall conclusion is presented below. 

Cadmium: Very few areas of Europe have CL below 1 g/ha/y, and none of these are located in 

the regions close to Denmark. However, areas within East Germany and East England have 

computed CL in the range of 1-2 g/ha/y. Lead: Large part of Sweden reported CL in the range of 

less than 5 to 20 g/ha/y. In the UK and Germany the range was 5-30 g/ha/y. Mercury: Fewer 

countries reported results. The range was 0.05-0.2 and 0.1-0.3 g/ha/y in Sweden and Germany, 

respectively. 

In Table 4, these critical loads are compared to the estimated annual loads of metals coming 

from a situation of soils being limed with calcium silicate having metal concentrations 

corresponding to the suggested EU cut-off limits. The critical loads are also compared to the 

estimated maximum total load of metals from 8 different Danish scenarios (See Appendix 2).     

Table 4. Worst-case annual load of metals from the use of calcium silicate as liming material 

compared to establish critical loads in the EU. The critical loads for cadmium, lead and nickel is 

taken from the UK, whereas for mercury, the CL is an estimate from Sweden (see text below).  

 As Pb Cd Cr VI Ni Hg 

EU cut-off concentration in liming material (mg/kg) 120 200 3 2 90 2 

Annual load of calcium silicate (kg/ha/y) 460 460 460 460 460 460 

Annual load of metal from calcium silicate (g/ha/y) 55.2 92 1.4 0.9 41.4 0.9 

Load from all sources at the EU limit for liming material (g/ha/y) 57 92 4,5 -- 99 1,7 

Critical load of metal (g/ha/y) – Min  -- 3.1 0.9 -- 13.1 0.05 

Critical load of metal (g/ha/y) – Avg.  -- 84.7 17.7 -- 2423 0.125 

 

 

  

                                                 
7
 Slootweg et al (2014). Critical Loads of Cadmium, Lead and Mercury in Europe. Report 259101015/2005. Working Group on 

Effects of the Convention on Long-range Transboundary Air Pollution. Netherlands Environmental Assessment Agency. 
 



Conclusion on Critical Load 

 

Based on a comparison of critical load estimates with the annual load of metals from using 

calcium silicate as liming material, it is concluded that for all metals, i.e. cadmium, lead, nickel 

and mercury, the most vulnerable soils may be at risk on the long term perspective if limed with 

calcium silicate having metals concentration corresponding to the cut-off limits. For lead, the 

situation is more serious, since the annual load may be in conflict with the CL calculated for 

approximately half of the UK soils, as the annual load from calcium silicate is 92 and the 

average CL in UK is 84.7 g/ha/y, respectively. The load of mercury may also exceed the CL in 

situations other than the most conservative ones. 

 

3.3 Conclusion on potential environmental risk 

Two approaches have been used to elucidate the potential risk of metals for agro-ecosystems 

as a result of using calcium silicate as liming material.  These results to some extend in 

contradictory conclusions. It is on the one hand predicted that the load of metals will result in 

soil concentration that are significantly lower than the safe soil concentrations (PNEC) predicted 

by the EU and that it will take several hundreds of years to reach soil concentrations that could 

pose a problem. On the other hand comparison of the annual load of metals originating from 

calcium silicates with establish critical loads for agroecosystems reveals that for most metals, 

the most vulnerable soils in Europe may be at risk. The critical load concept does not reveal 

when a potential risk will surface, but typically the time scale is 100 years or more. 

In summary, it can be concluded that a potential risk to agroecosystems cannot be ruled out, 

but if such a risk exist, it is on a very long term perspective. 

 

  



4. Summary and conclusions 

The EU Commission has suggested addition for the amendment to Regulation no 2003/2003 

regulating the contaminant content in liming materials by introducing cut-off limit values for 

cadmium, chromium, mercury, nickel, lead and arsenic. 

In this context the potential environmental consequences in Denmark for the specific liming 

material Calcium silicate has been it has been evaluate by addressing two central questions, i.e.  

Can the use of calcium silicate when taking the introduced limit values into 

consideration result in a higher load of these metals on arable land in Denmark? 

Can liming with calcium silicate controlled by the suggested cut-off limits of metals pose 

a risk for soil organisms and soil quality on the long term? 

By exchanging the current lime materials used in Denmark, typically soft limestone, with 

calcium silicate, an increase in the annual load of metals from liming materials is to be 

expected. For the critical and harmful metals arsenic and mercury the increase may be two 

orders of magnitude provided calcium silicate with metal concentrations up to the suggested 

cut/off limit values are used. For cadmium, a metal that already at present due to the input 

from e.g. mineral fertilisers, may have reached critical values at vulnerable soils, the increase in 

loading from lime may be two or three fold.  The annual load of lead and nickel may also 

increase considerably on areas limed with calcium silicate compare to the current Danish 

situation using soft limestone.  It has, however, to be stressed, that it is at present unclear how 

common the use of calcium silicates as liming materials could be in EU and Denmark. The 

calculations presented above it therefore expected to represent the situation on the minority of 

Danish soils, as it is unlikely that calcium silicates can replace a significant part of the lime 

material currently used in Denmark. However, at situations where Danish soils are to be limed 

with calcium silicate or other liming material having metal concentrations corresponding to the 

EU cut-off limits, then this source will be the major source for all metals, with arsenic, lead and 

mercury contributions above 90% of the total load.  Therefore, changing the current use of soft 

limestone with calcium silicate will markedly increase the overall contribution of lime as source 

of metals on arable land in Denmark.  

Two approaches have been used to elucidate the potential risk of metals for agro-ecosystems 

as a result of using calcium silicate as liming material.  These results to some extend in 

contradictory conclusions. It is on the one hand predicted that the load of metals will result in 

soil concentration that are significantly lower than the safe soil concentrations (PNEC) predicted 

by the EU and that it will take at least several hundreds of years to reach soil concentrations 

that could pose a problem if isolating the evaluation to input via lime alone.  



Comparison of the annual load of metals originating from calcium silicates with establish critical 

loads for agroecosystems reveals that for most metals, the most vulnerable soils in Europe may 

be at risk. The critical load concept does not reveal when a potential risk will surface, but 

typically the time scale is 100 years or more. 

In summary, it can be concluded that by exchanging lime stone with calcium silicate as lime on 

arable land in Denmark the annual load of metals may increase, and as a consequence of that a 

potential risk to agroecosystems from the use of calcium silicate as liming material cannot be 

ruled out. But if such risk exists, it is at a very long term perspective. 

  



APPENDIX 1 - PNEC values for Soil Organisms 
 

Summary of PNEC values 
 

The PNEC values presented in this note is summarized in Table A1. 

 

Table A1. The Suggested PNEC values (mg/kg dw) for a wide set of metals and PAH. A more 

detailed information regarding the PNEC, and the source from which it is taken, is given 

individually in the sections below. 

Metal PNEC (mg/kg dw) Source 

Arsenic 12 CCME 

Cadmium 1.15 EU 

Chromium VI 

Chromium III 

0.4 

2.8 (ww) 

CCME 

EU 

Lead 166 EU 

Mercury 6.6 CCME 

Nickel 23.75 EU 

 

 

Short reviews of PNEC derivations 
 

 

PNEC value for Arsenic 

 

The EU has not published an EU-RAR for Arsenic. 

  

The Eco-SSL for Arsenic is published as 18 mg/kg for plants, whereas no value is published for 

soil invertebrates. The Canadian SQG value for Arsenic is 12 mg/kg for agricultural soils. 

 

PNEC Cadmium 

 

In the EU-RAR, the PNECsoil of Cd was derived with statistical extrapolation using the HC58 from 

the SSD (Species Sensitivity Distribution). NOECs from tests with microbial processes (multi-

                                                 
8
 HC5= Hazardous Concentration for 5 % of species, i.e. a theoretical soil concentration protecting 95 of all species 

and processes in soil ecosystems. 



species) were not mixed with these from single species tests (plants and invertebrates) in the 

statistical extrapolations. The HC5 was lowest for the microbial processes. An assessment factor 

of 1-2 was applied to the HC5 after considering the species richness in the data. The PNECsoil 

derived this way is PNECsoil = 1.15-2.3 mg Cd kg-1. The overall database did not reveal significant 

trends between soil properties (pH, % clay) and Cd toxicity and similar information from studies 

using multiple soil types was inconsistent. Therefore, no model was considered appropriate to 

define PNEC values as a function of soil properties. 

  

 

PNEC for Chromium 

 

In the EU RAR, the PNEC for the terrestrial compartment is derived only for chromium (III) as 

the concentrations in soil have been calculated on this basis. The value is 2.8 mg/kg wet weight. 

It should be noted that there are many natural soils where the levels of total chromium are 

above this value and the PNEC value is for added chromium and should not be used to compare 

with natural levels. 

 

The CCME has published a Soil Quality Guideline value for Cr VI in agricultural soil at 0.4 mg/kg. 

The US-EPA has not published Eco-SSL for chromium, as they concluded that the data available 

was insufficient for a derivation of Eco-SSL for plants and soil invertebrates.   

 

 

PNEC for Lead 

 

The EU-RAR for lead concluded that the data provide sufficient diversity of species and soil 

types. Using an assessment factor of two on the HC5 value of 333 mg/kg resulted in a PNEC 

value for soil organisms on 166 mg Pb kg-1
dw. This value was obtained following the total risk 

approach accounting for differences in Pb toxicity between spiked soils and field contaminated 

soils. 

For comparison the Eco-SSL for lead is published as 120 mg/kg for plants and 1,700 mg/kg for 

soil invertebrates, whereas the Canadian SQG value is 70 mg/kg for agricultural soils. 

 

 

PNEC value for Mercury 

 

The EU has not published an EU-RAR for Mercury. 



  

The US-EPA has not published Eco-SSL for Mercury. 

The Canadian SQG value for mercury is 6.6 mg/kg for agricultural soils. 

 

PNEC for Nickel 

In the EU-RAR, PNEC values are calculated for a number of selected European soil- and land-use 

types covering examples from Sweden, The Netherlands, Germany, Greece and Denmark and 

soil use types like arable land, grassland, forest and woodland located on soil types like acid 

sandy-, loamy- peaty- and  clay soils. This separation into various EU scenarios resulted in HC5 

values for the different eco-regions varying between 8.6 and 194.3 mg/kg depending on the 

CEC of the soils. For Denmark the HC5 was calculated as 47.5 mg/kg. Based on weight of 

evidence and related to also the overall assessment of the size of the extra assessment factor 

for other metals, the EU-RAR proposes to use an AF of 2 in all scenarios. The PNEC value for 

Danish soils is hence 23.75 mg/kg.   

 

For comparison the Eco-SSL for Nickel is published as 38 mg/kg for plants and 280 mg/kg for soil 

invertebrates, whereas the Canadian SQG value is 50 mg/kg for agricultural soils. 

   



APPENDIX 2 – heavy metal load from various sources 
 

In the Tables below application rates for As, Cd, Pb, Ni and Hg in manures, mineral fertilisers and limes 

have been calculated. In the calculations an average lime application rate of 400 kg/ha/yr was used, and 

the estimated concentrations reported in Table 1 were used. As described in the text above the load of 

calcium silicate it likely to be 15% higher than for soft limestone typically used in Denmark. However, 

for these comparisons, this has been neglected.  

Furthermore, the total load of heavy metals in manures, mineral fertilizers and lime has been calculated. 

The calculation was made at different farm types as described by Sørensen et al. (2011)
9
.  

 

  

                                                 
9
 Sørensen, P., Jensen, J., Scott-Fordsmand, J., Christensen, B.T. 2011. Ecotoxicological evaluation of As, Cd, Pb, Hg, and Ni 

applied with fertilisers in Denmark. Internal Report no. 111. Aarhus University. 57 pp. 

 



As EU Average Scenario 
    

Farm type 
Total DK 

area 
Animal 
manure 

Mineral 
fertilizer Lime 

% from 
lime Total 

 
ha g/ha g/ha g/ha % g/ha 

Cereal production on loamy soil 180000 0,57 2,18 2,48 47,39 5,23 

Cereal production without animal manure ? 
 

2,91 2,48 46,05 5,39 

Pigs on loamy soil <1,4 LU/ha 114000 1,38 0,00 2,48 64,23 3,86 

Pigs on sandy soil<1,4 LU/ha 156000 1,37 0,00 2,48 64,42 3,85 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 2,64 0,23 2,48 46,34 5,35 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 2,88 0,26 2,48 44,09 5,62 

Broiler (chicken) 12000 9,38 0,00 2,48 20,91 11,86 

Egg production 3600 7,12 0,00 2,48 25,84 9,60 

       Cd EU Average Scenario 
    Cereal production on loamy soil 180000 0,20 2,46 0,20 6,99 2,86 

Cereal production on loamy soil, no AM ? 
 

3,28 0,20 5,75 3,48 

Pigs on loamy soil <1,4 LU/ha 114000 0,55 0,08 0,20 23,97 0,83 

Pigs on sandy soil<1,4 LU/ha 156000 0,55 0,07 0,20 24,51 0,82 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,16 0,20 17,38 1,15 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,18 0,20 16,07 1,24 

Broiler (chicken) 12000 1,04 0,09 0,20 15,02 1,33 

Egg production 3600 0,79 0,08 0,20 18,68 1,07 

       Pb EU Average Scenario 
    Cereal production on loamy soil 180000 2,22 1,51 4,40 54,12 8,13 

Cereal production on loamy soil, no AM ? 
 

2,01 4,40 68,63 6,41 

Pigs on loamy soil <1,4 LU/ha 114000 5,11 0,15 4,40 45,54 9,66 

Pigs on sandy soil<1,4 LU/ha 156000 5,07 0,13 4,40 45,86 9,59 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 10,84 0,18 4,40 28,53 15,42 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 11,83 0,21 4,40 26,77 16,43 

Broiler (chicken) 12000 7,71 0,16 4,40 35,84 12,28 

Egg production 3600 5,85 0,15 4,40 42,31 10,40 

       Hg EU Average Scenario 
    Cereal production on loamy soil 180000 0,17 0,04 0,04 15,80 0,25 

Cereal production on loamy soil, no AM ? 
 

0,06 0,04 41,40 0,10 

Pigs on loamy soil <1,4 LU/ha 114000 0,41 0,01 0,04 8,64 0,46 

Pigs on sandy soil<1,4 LU/ha 156000 0,41 0,01 0,04 8,73 0,46 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,00 0,04 4,79 0,84 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,00 0,04 4,41 0,91 

Broiler (chicken) 12000 0,63 0,01 0,04 5,93 0,67 

Egg production 3600 0,47 0,01 0,04 7,65 0,52 

       Ni EU Average Scenario 
    Cereal production on loamy soil 180000 6,26 47,04 6,84 11,37 60,14 

Cereal production on loamy soil, no AM ? 
 

62,58 6,84 9,85 69,42 

Pigs on loamy soil <1,4 LU/ha 114000 19,34 1,64 6,84 24,59 27,82 

Pigs on sandy soil<1,4 LU/ha 156000 19,18 1,36 6,84 24,99 27,38 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 18,51 0,37 6,84 26,60 25,71 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 20,19 0,42 6,84 24,92 27,45 

Broiler (chicken) 12000 16,67 1,78 6,84 27,04 25,29 

Egg production 3600 12,65 1,60 6,84 32,43 21,09 

 



As DK average scenario 
    

Farm type 
Total DK 

area 
Animal 
manure 

Mineral 
fertilizer Lime 

% from 
lime Total 

 
ha g/ha g/ha g/ha % g/ha 

Cereal production on loamy soil 180000 0,57 2,18 0,32 10,41 3,07 

Cereal production without animal manure ? 
 

2,91 0,32 9,92 3,23 

Pigs on loamy soil <1,4 LU/ha 114000 1,38 0,00 0,32 18,81 1,70 

Pigs on sandy soil<1,4 LU/ha 156000 1,37 0,00 0,32 18,94 1,69 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 2,64 0,23 0,32 10,03 3,19 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 2,88 0,26 0,32 9,24 3,46 

Broiler (chicken) 12000 9,38 0,00 0,32 3,30 9,70 

Egg production 3600 7,12 0,00 0,32 4,30 7,44 

       Cd DK average scenario 
    Cereal production on loamy soil 180000 0,20 2,46 0,40 13,06 3,06 

Cereal production on loamy soil, no AM ? ? 3,28 0,40 10,88 3,68 

Pigs on loamy soil <1,4 LU/ha 114000 0,55 0,08 0,40 38,67 1,03 

Pigs on sandy soil<1,4 LU/ha 156000 0,55 0,07 0,40 39,38 1,02 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,16 0,40 29,61 1,35 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,18 0,40 27,68 1,44 

Broiler (chicken) 12000 1,04 0,09 0,40 26,12 1,53 

Egg production 3600 0,79 0,08 0,40 31,48 1,27 

       Pb DK average scenario 
    Cereal production on loamy soil 180000 2,22 1,51 1,20 24,34 4,93 

Cereal production on loamy soil, no AM ? ? 2,01 1,20 37,37 3,21 

Pigs on loamy soil <1,4 LU/ha 114000 5,11 0,15 1,20 18,57 6,46 

Pigs on sandy soil<1,4 LU/ha 156000 5,07 0,13 1,20 18,77 6,39 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 10,84 0,18 1,20 9,82 12,22 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 11,83 0,21 1,20 9,07 13,23 

Broiler (chicken) 12000 7,71 0,16 1,20 13,22 9,08 

Egg production 3600 5,85 0,15 1,20 16,67 7,20 

       Hg DK average scenario 
    Cereal production on loamy soil 180000 0,17 0,04 0,00 1,84 0,22 

Cereal production on loamy soil, no AM ? ? 0,06 0,00 6,60 0,06 

Pigs on loamy soil <1,4 LU/ha 114000 0,41 0,01 0,00 0,94 0,43 

Pigs on sandy soil<1,4 LU/ha 156000 0,41 0,01 0,00 0,95 0,42 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,00 0,00 0,50 0,80 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,00 0,00 0,46 0,87 

Broiler (chicken) 12000 0,63 0,01 0,00 0,63 0,64 

Egg production 3600 0,47 0,01 0,00 0,82 0,49 

       Ni DK average scenario 
    Cereal production on loamy soil 180000 6,26 47,04 1,80 3,27 55,10 

Cereal production on loamy soil, no AM ? ? 62,58 1,80 2,80 64,38 

Pigs on loamy soil <1,4 LU/ha 114000 19,34 1,64 1,80 7,90 22,78 

Pigs on sandy soil<1,4 LU/ha 156000 19,18 1,36 1,80 8,06 22,34 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 18,51 0,37 1,80 8,71 20,67 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 20,19 0,42 1,80 8,03 22,41 

Broiler (chicken) 12000 16,67 1,78 1,80 8,89 20,25 

Egg production 3600 12,65 1,60 1,80 11,21 16,05 

 



 
EU max scenario 

    
Farm type 

Total DK 
area 

Animal 
manure 

Mineral 
fertilizer 

Lime 
% from 

lime 
Total 

 
ha g/ha g/ha g/ha % g/ha 

As 
      Cereal production on loamy soil 180000 0,57 2,18 22,40 89,06 25,15 

Cereal production without animal manure ? 
 

2,91 22,40 88,52 25,31 

Pigs on loamy soil <1,4 LU/ha 114000 1,38 0,00 22,40 94,19 23,78 

Pigs on sandy soil<1,4 LU/ha 156000 1,37 0,00 22,40 94,24 23,77 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 2,64 0,23 22,40 88,64 25,27 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 2,88 0,26 22,40 87,69 25,54 

Broiler (chicken) 12000 9,38 0,00 22,40 70,49 31,78 

Egg production 3600 7,12 0,00 22,40 75,89 29,52 

       Cd EU max scenario 
    Cereal production on loamy soil 180000 0,20 2,46 2,00 42,89 4,66 

Cereal production on loamy soil, no AM ? 
 

3,28 2,00 37,89 5,28 

Pigs on loamy soil <1,4 LU/ha 114000 0,55 0,08 2,00 75,92 2,63 

Pigs on sandy soil<1,4 LU/ha 156000 0,55 0,07 2,00 76,46 2,62 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,16 2,00 67,78 2,95 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,18 2,00 65,68 3,04 

Broiler (chicken) 12000 1,04 0,09 2,00 63,87 3,13 

Egg production 3600 0,79 0,08 2,00 69,67 2,87 

       Pb EU max scenario 
    Cereal production on loamy soil 180000 2,22 1,51 41,20 91,70 44,93 

Cereal production on loamy soil, no AM ? 
 

2,01 41,20 95,34 43,21 

Pigs on loamy soil <1,4 LU/ha 114000 5,11 0,15 41,20 88,67 46,46 

Pigs on sandy soil<1,4 LU/ha 156000 5,07 0,13 41,20 88,81 46,39 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 10,84 0,18 41,20 78,89 52,22 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 11,83 0,21 41,20 77,39 53,23 

Broiler (chicken) 12000 7,71 0,16 41,20 83,95 49,08 

Egg production 3600 5,85 0,15 41,20 87,29 47,20 

       Hg EU max scenario 
    Cereal production on loamy soil 180000 0,17 0,04 0,16 42,87 0,37 

Cereal production on loamy soil, no AM ? 
 

0,06 0,16 73,86 0,22 

Pigs on loamy soil <1,4 LU/ha 114000 0,41 0,01 0,16 27,44 0,58 

Pigs on sandy soil<1,4 LU/ha 156000 0,41 0,01 0,16 27,68 0,58 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,00 0,16 16,75 0,96 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,00 0,16 15,57 1,03 

Broiler (chicken) 12000 0,63 0,01 0,16 20,15 0,79 

Egg production 3600 0,47 0,01 0,16 24,89 0,64 

       Ni EU max scenario 
    Cereal production on loamy soil 180000 6,26 47,04 140,00 72,43 193,30 

Cereal production on loamy soil, no AM ? 
 

62,58 140,00 69,11 202,58 

Pigs on loamy soil <1,4 LU/ha 114000 19,34 1,64 140,00 86,97 160,98 

Pigs on sandy soil<1,4 LU/ha 156000 19,18 1,36 140,00 87,21 160,54 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 18,51 0,37 140,00 88,12 158,87 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 20,19 0,42 140,00 87,17 160,61 

Broiler (chicken) 12000 16,67 1,78 140,00 88,35 158,45 

Egg production 3600 12,65 1,60 140,00 90,76 154,25 



 
DK max scenario 

    
Farm type 

Total DK 
area 

Animal 
manure 

Mineral 
fertilizer 

Lime 
% from 

lime 
Total 

 
ha g/ha g/ha g/ha % g/ha 

As 
      Cereal production on loamy soil 180000 0,57 2,18 0,44 13,78 3,19 

Cereal production without animal manure ? 
 

2,91 0,44 13,15 3,35 

Pigs on loamy soil <1,4 LU/ha 114000 1,38 0,00 0,44 24,16 1,82 

Pigs on sandy soil<1,4 LU/ha 156000 1,37 0,00 0,44 24,31 1,81 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 2,64 0,23 0,44 13,29 3,31 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 2,88 0,26 0,44 12,28 3,58 

Broiler (chicken) 12000 9,38 0,00 0,44 4,48 9,82 

Egg production 3600 7,12 0,00 0,44 5,82 7,56 

       Cd DK max scenario 
    Cereal production on loamy soil 180000 0,20 2,46 0,56 17,27 3,22 

Cereal production on loamy soil, no AM ? 
 

3,28 0,56 14,50 3,83 

Pigs on loamy soil <1,4 LU/ha 114000 0,55 0,08 0,56 46,70 1,19 

Pigs on sandy soil<1,4 LU/ha 156000 0,55 0,07 0,56 47,45 1,17 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,16 0,56 36,90 1,51 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,18 0,56 34,73 1,60 

Broiler (chicken) 12000 1,04 0,09 0,56 32,96 1,69 

Egg production 3600 0,79 0,08 0,56 38,97 1,43 

       Pb DK max scenario 
    Cereal production on loamy soil 180000 2,22 1,51 1,72 31,56 5,45 

Cereal production on loamy soil, no AM ? 
 

2,01 1,72 46,09 3,73 

Pigs on loamy soil <1,4 LU/ha 114000 5,11 0,15 1,72 24,63 6,98 

Pigs on sandy soil<1,4 LU/ha 156000 5,07 0,13 1,72 24,88 6,91 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 10,84 0,18 1,72 13,50 12,74 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 11,83 0,21 1,72 12,50 13,75 

Broiler (chicken) 12000 7,71 0,16 1,72 17,92 9,60 

Egg production 3600 5,85 0,15 1,72 22,28 7,72 

       Hg DK max scenario 
    Cereal production on loamy soil 180000 0,17 0,04 0,01 2,74 0,22 

Cereal production on loamy soil, no AM ? 
 

0,06 0,01 9,58 0,06 

Pigs on loamy soil <1,4 LU/ha 114000 0,41 0,01 0,01 1,40 0,43 

Pigs on sandy soil<1,4 LU/ha 156000 0,41 0,01 0,01 1,41 0,42 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,00 0,01 0,75 0,80 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,00 0,01 0,69 0,87 

Broiler (chicken) 12000 0,63 0,01 0,01 0,94 0,64 

Egg production 3600 0,47 0,01 0,01 1,23 0,49 

       Ni DK max scenario 
    Cereal production on loamy soil 180000 6,26 47,04 2,30 4,14 55,60 

Cereal production on loamy soil, no AM ? 
 

62,58 2,30 3,55 64,88 

Pigs on loamy soil <1,4 LU/ha 114000 19,34 1,64 2,30 9,88 23,28 

Pigs on sandy soil<1,4 LU/ha 156000 19,18 1,36 2,30 10,07 22,84 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 18,51 0,37 2,30 10,86 21,17 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 20,19 0,42 2,30 10,04 22,91 

Broiler (chicken) 12000 16,67 1,78 2,30 11,08 20,75 

Egg production 3600 12,65 1,60 2,30 13,90 16,55 



As EU cut-off limit scenario 
   

Farm type 
Total DK 

area 
Animal 
manure 

Mineral 
fertilizer 

Lime 
% from 

lime 
Total 

 
ha g/ha g/ha g/ha % g/ha 

       Cereal production on loamy soil 180000 0,57 2,18 48,00 94,58 50,75 

Cereal production without animal manure ? 
 

2,91 48,00 94,29 50,91 

Pigs on loamy soil <1,4 LU/ha 114000 1,38 0,00 48,00 97,20 49,38 

Pigs on sandy soil<1,4 LU/ha 156000 1,37 0,00 48,00 97,23 49,37 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 2,64 0,23 48,00 94,35 50,87 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 2,88 0,26 48,00 93,85 51,14 

Broiler (chicken) 12000 9,38 0,00 48,00 83,65 57,38 

Egg production 3600 7,12 0,00 48,00 87,09 55,12 

       Cd EU cut-off limit scenario 
   Cereal production on loamy soil 180000 0,20 2,46 1,20 31,06 3,86 

Cereal production on loamy soil, no AM ? 
 

3,28 1,20 26,80 4,48 

Pigs on loamy soil <1,4 LU/ha 114000 0,55 0,08 1,20 65,41 1,83 

Pigs on sandy soil<1,4 LU/ha 156000 0,55 0,07 1,20 66,08 1,82 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,16 1,20 55,79 2,15 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,18 1,20 53,45 2,24 

Broiler (chicken) 12000 1,04 0,09 1,20 51,48 2,33 

Egg production 3600 0,79 0,08 1,20 57,95 2,07 

       Pb EU cut-off limit scenario 
   Cereal production on loamy soil 180000 2,22 1,51 80,00 95,55 83,73 

Cereal production on loamy soil, no AM ? 
 

2,01 80,00 97,55 82,01 

Pigs on loamy soil <1,4 LU/ha 114000 5,11 0,15 80,00 93,83 85,26 

Pigs on sandy soil<1,4 LU/ha 156000 5,07 0,13 80,00 93,90 85,19 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 10,84 0,18 80,00 87,89 91,02 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 11,83 0,21 80,00 86,92 92,03 

Broiler (chicken) 12000 7,71 0,16 80,00 91,04 87,88 

Egg production 3600 5,85 0,15 80,00 93,02 86,00 

       Hg EU cut-off limit scenario 
   Cereal production on loamy soil 180000 0,17 0,04 0,80 78,96 1,01 

Cereal production on loamy soil, no AM ? 
 

0,06 0,80 93,39 0,86 

Pigs on loamy soil <1,4 LU/ha 114000 0,41 0,01 0,80 65,41 1,22 

Pigs on sandy soil<1,4 LU/ha 156000 0,41 0,01 0,80 65,68 1,22 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 0,79 0,00 0,80 50,15 1,60 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 0,87 0,00 0,80 47,97 1,67 

Broiler (chicken) 12000 0,63 0,01 0,80 55,78 1,43 

Egg production 3600 0,47 0,01 0,80 62,36 1,28 

       Ni EU cut-off limit scenario 
   Cereal production on loamy soil 180000 6,26 47,04 36,00 40,32 89,30 

Cereal production on loamy soil, no AM ? 
 

62,58 36,00 36,52 98,58 

Pigs on loamy soil <1,4 LU/ha 114000 19,34 1,64 36,00 63,18 56,98 

Pigs on sandy soil<1,4 LU/ha 156000 19,18 1,36 36,00 63,68 56,54 

Cattle on loamy soil, 1,4-2,3 LU/ha 37000 18,51 0,37 36,00 65,60 54,87 

Cattle on sandy soil, 1,4-2,3 LU/ha 187000 20,19 0,42 36,00 63,59 56,61 

Broiler (chicken) 12000 16,67 1,78 36,00 66,11 54,45 

Egg production 3600 12,65 1,60 36,00 71,64 50,25 
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