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ϭ IŶtroduĐioŶ 

WheŶ feƌilisiŶg soils ǁith Đoŵpost, Ŷot oŶlǇ aƌe ŶutƌieŶts aŶd oƌgaŶiĐ ŵateƌ 
;huŵusͿ applied, ďut also sigŶiiĐaŶt ƋuaŶiies of ŵiŶeƌals. The ŵiŶeƌal fƌaĐioŶ 
;ash ƌesidueͿ iŶ Đoŵpost aŵouŶts to aŶ aǀeƌage of ϲϭ.ϴ% dƌǇ ŵateƌ, ŵeaŶiŶg 
that oŶlǇ ϯϴ.Ϯ% ;loss oŶ igŶiioŶͿ is ŵade up of oƌgaŶiĐ ŵateƌ ;BGK, ϮϬϭϬͿ, i.e. 
ŵoƌe thaŶ half of the Đoŵpost is ŵade up of a staďle ŵiŶeƌal fƌaĐioŶ. 
 

Although the oƌgaŶiĐ ŵateƌ fƌaĐioŶ ĐaŶ ďe ŵiŶeƌalised aŶd the ŶutƌieŶts 
aďsoƌďed ďǇ plaŶts, the ŵiŶeƌal fƌaĐioŶ ƌeŵaiŶs iŶ the soil peƌŵaŶeŶtlǇ, 
ĐoŶtƌiďuiŶg toǁaƌds soil stƌuĐtuƌe. This ŵeaŶs that aŶǇ ĐoŶtaŵiŶaŶts ǁill ďe 
diluted to soŵe eǆteŶt ǁithiŶ the soil, as shoǁŶ iŶ Figuƌe ϭ. 

 

 

Figure ϭ - Soil struĐture aŶd ĐhaŶge iŶ the ĐoŶĐeŶtraioŶ of heaǀǇ ŵetals iŶ the soil through 
loŶg terŵ ferilizaioŶ ďǇ takiŶg iŶto aĐĐouŶt ŵiŶeral soil pariĐles iŶ Đoŵpost 
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To date, the iŶlueŶĐe of this ŵiŶeƌal fƌaĐioŶ has Ŷot ďeeŶ ĐoŶsideƌed ǁheŶ 
ĐalĐulaiŶg ĐoŶtaŵiŶaŶt ĐoŶĐeŶtƌaioŶs iŶ soil. As oǀeƌ ϱϬ% of the ŵass of 
Đoŵpost is ŵiŶeƌal, this has a sigŶiiĐaŶt iŵpaĐt oŶ the aĐtual ĐoŶtaŵiŶaŶt leǀels 
iŶ the soil. It has ďeeŶ ĐalĐulated that the uppeƌ soil hoƌizoŶ ǁould ďe iŶĐƌeased 
ďǇ ϯ.ϲ Đŵ folloǁiŶg ƌegulaƌ Đoŵpost use oǀeƌ ϭϬϬ Ǉeaƌs ;see the ĐalĐulaioŶ iŶ 
the folloǁiŶg seĐioŶͿ. 
 

Due to iŶĐƌeasiŶg the depth of the uppeƌ soil hoƌizoŶ ;i.e. soil ďuild upͿ the 
ĐoŶĐeŶtƌaioŶ of ĐoŶtaŵiŶaŶts fƌoŵ Đoŵpost ǁould ďe sigŶiiĐaŶtlǇ loǁeƌ 
Đoŵpaƌed ǁith ĐalĐulaioŶs ďased solelǇ oŶ the appliĐaioŶ of ĐoŶtaŵiŶaŶts oŶ 
theiƌ oǁŶ. SiŵilaƌlǇ, at higheƌ ďaĐkgƌouŶd soil ĐoŶĐeŶtƌaioŶs, ƌeduĐioŶ iŶ the 
ĐoŶĐeŶtƌaioŶs of ĐoŶtaŵiŶaŶts iŶ the soil aƌe possiďle due to the appliĐaioŶ of 
Đoŵpost ;see eǆaŵples iŶ Chapteƌ ϯͿ. 
 

The ŵiŶeƌal ĐoŵpoŶeŶts of ǀaƌious feƌiliseƌs haǀe ďeeŶ studied iŶ the ‘ & D 
pƌojeĐt "Coŵpaƌaiǀe eǀaluaioŶ of suďstaŶĐe eŵissioŶs iŶ soils ǀia difeƌeŶt 
ƌoutes of eŶtƌǇ" ;KŶappe et al., ϮϬϬϴͿ. IŶ it, theǇ deteƌŵiŶed ŶaioŶǁide 
ĐoŶtaŵiŶaŶt iŶputs aŶd losses aŶd theiƌ aĐĐuŵulaioŶ iŶ the soil. 
 

The ŵiŶeƌal fƌaĐioŶ of Đoŵpost ǁeƌe also takeŶ iŶto aĐĐouŶt iŶ the eŶƌiĐhŵeŶt 
sĐeŶaƌios desĐƌiďed ďǇ AŵliŶgeƌ et al., ;ϮϬϬϲͿ. TheǇ Đaŵe to the ĐoŶĐlusioŶ that 
“ŵiǆiŶg Đoŵpost iŶto the topsoil laǇeƌ, the ŵetal ĐoŶĐeŶtƌaioŶ is iŶĐƌeased 
asǇŵptoiĐallǇ ǁith a ŶoŶ-liŶeaƌ fuŶĐioŶ toǁaƌds the ŵetal ĐoŶĐeŶtƌaioŶ of the 
Đoŵpost ƌespeĐiŶg the iŶĐƌeasiŶg ŵiŶeƌal fƌaĐioŶ iŶ the soil." 

Copyright by ECN e.V. and VHE e.V.



Copyright by ECN e.V. and VHE e.V.

 VHE / ahu StudǇ ϳ 

                          

ϳ EuƌopeaŶ Coŵpost Netǁoƌk ECN e.V.

 

Ϯ  Fraŵeǁork for the ĐoŶsideraioŶ of the ŵiŶeral fraĐioŶ 

The iŶlueŶĐe of the ŵiŶeƌal fƌaĐioŶ is ǁhollǇ depeŶdeŶt oŶ a Ŷuŵďeƌ of ďasiĐ 
assuŵpioŶs, ǁhiĐh aƌe shoǁŶ ďeloǁ. The folloǁiŶg assuŵpioŶs ǁeƌe ŵade foƌ 
the eǆaŵple ĐalĐulaioŶs shoǁŶ iŶ Chapteƌ ϯ. These paƌaŵeteƌs aƌe also used iŶ 
otheƌ dataďases. 
 

■ Soil depth: The depth of the topsoil has a paƌiĐulaƌ efeĐt oŶ ĐoŶtaŵiŶaŶt 
ĐoŶĐeŶtƌaioŶ ĐalĐulaioŶs. AĐĐoƌdiŶg to ǀaƌious ĐalĐulaioŶs aŶd sĐeŶaƌios 
used to deteƌŵiŶe ĐoŶĐeŶtƌaioŶ efeĐts iŶ the topsoil ;see KŶappe et al., 
ϮϬϬϴ; AŵliŶgeƌ et al., ϮϬϬϲͿ, the Ap hoƌizoŶ ;i.e. the uppeƌ ϯϬ Đŵ of aƌaďle 
soilͿ is ĐoŶsideƌed to ďe the ŵost ƌepƌeseŶtaiǀe. This hoƌizoŶ depth 
alloǁs the use of gƌouŶd-ďased data fƌoŵ eǆisiŶg studies that ƌelate 
geŶeƌallǇ to the Ap hoƌizoŶ fƌoŵ Ϭ to ϯϬ Đŵ as the saŵpliŶg hoƌizoŶ. 

 

■ DrǇ ďulk deŶsitǇ ;dͿ: A dƌǇ ďulk deŶsitǇ of ϭ.ϰ g / Đŵ has ďeeŶ assuŵed foƌ 
aƌaďle topsoil. This is loĐated iŶ the ŵiddle of ǀaƌiaioŶs Ŷoted ďǇ SĐhefeƌ 
& SĐhaĐhtsĐhaďel ;ϮϬϬϮͿ. Hoǁeǀeƌ, high iŶteŶsitǇ faƌŵed aƌaďle soils ǁill 
teŶd to haǀe higheƌ dƌǇ ďulk deŶsiies. 

 

■ BaĐkgrouŶd ĐoŶtaŵiŶaŶt ĐoŶĐeŶtraioŶs: TǇpiĐal ďaĐkgƌouŶd 
ĐoŶtaŵiŶaŶt ĐoŶĐeŶtƌaioŶ ǀalues foƌ topsoils Ƌuoted ďǇ LABO ;ϮϬϬϯͿ 
ǁeƌe used. These iŶĐlude soil use aŶd aƌea-speĐiiĐ ǀalues foƌ difeƌeŶt 
paƌeŶt ƌoĐks. The ϱϬth peƌĐeŶile has ďeeŶ used foƌ agƌiĐultuƌe iŶ the 
deiŶed aƌea tǇpe III ;uďiƋuitous leǀels iŶ ƌuƌal aƌeasͿ, hoǁeǀeƌ, it has also 
ďeeŶ Đoŵpaƌed ǁith the ϵϬth peƌĐeŶile foƌ agƌiĐultuƌe iŶ the deiŶed 
aƌea tǇpe I ;aƌeas of uƌďaŶ ĐoŶgloŵeƌaioŶͿ.  

 

■ IŶputs aŶd outputs: The data Ƌuoted ďǇ KŶappe et al. ;ϮϬϬϴͿ 
;Coŵpaƌaiǀe eǀaluaioŶ of ĐheŵiĐal iŶputs iŶ soils thƌough difeƌeŶt 
pathǁaǇsͿ ĐoŶsideƌed otheƌ souƌĐes of iŶputs thƌough ŵiŶeƌal 
feƌilisaioŶ, as ǁell as losses thƌough Đƌops aŶd leaĐhate. This data has 
Ŷot ďeeŶ takeŶ iŶto aĐĐouŶt, iŶ oƌdeƌ  to disiŶguish Đoŵpost-ƌelated 
efeĐts fƌoŵ otheƌ ĐoŶtƌiďuiŶg faĐtoƌs. 

 

■ Solids ĐoŶteŶt: CoŵposiioŶ aŶd solids ĐoŶteŶt of Đoŵpost ;ǁithout 
digestateͿ ǁeƌe takeŶ fƌoŵ data supplied ďǇ the BuŶdesgütegeŵeiŶsĐhat 
Koŵpost e.V. ;BGK, ϮϬϭϬͿ. MediaŶ ǀalues of fƌesh aŶd ŵatuƌe Đoŵposts 
ǁithout digestate ǁeƌe used ;see Taďle ϭͿ. 

 

■ LoŶg terŵ ŵiŶeral fraĐioŶ ;soil ďuild upͿ: The ŵiŶeƌal ĐoŵpoŶeŶts 
;deteƌŵiŶed ďǇ loss oŶ igŶiioŶͿ iŶ the Đoŵpost is oŶ aǀeƌage ϲϭ.ϴ% dƌǇ 
ŵateƌ, ǁith the oƌgaŶiĐ ŵateƌ fƌaĐioŶ ĐoŵpƌisiŶg ϯϴ.Ϯ% dƌǇ ŵateƌ 
;DMͿ. Paƌt of the ŵiŶeƌal fƌaĐioŶ iŶ Đoŵpost is iŶ the foƌŵ of ŶutƌieŶts 
;ŶitƌogeŶ ϭ.ϰ% DM, phosphate Ϭ.ϳ% DM, potassiuŵ ϭ.ϭ% DM; see BGK, 
ϮϬϭϬͿ as ǁell as ĐaƌďoŶateϭ ;ϳ.ϲ% ideŶiied as DM as CaO ŵuliplied ďǇ 
the faĐtoƌ of ϭ.ϳϴ, see BGK ϮϬϭϬ aŶd ML‘ ϮϬϭϬͿ. This is shoǁŶ iŶ Figuƌe Ϯ. 
NutƌieŶts aŶd ĐaƌďoŶates ĐaŶ theoƌeiĐallǇ ďe ŵiŶeƌalised oǀeƌ the loŶg 
teƌŵ aŶd ǁashed out oƌ takeŶ up ďǇ plaŶts. IŶ teƌŵs of a ǁoƌst Đase 
sĐeŶaƌio, theƌefoƌe, ŶutƌieŶts aŶd ĐaƌďoŶates ǁeƌe Ŷot atƌiďuted to the 
loŶg-teƌŵ ŵiŶeƌal fƌaĐioŶ iŶ the soil. 
EǀeŶ uŶdeƌ these ĐoŶdiioŶs, Đoŵposts ǁill supplǇ aŶ aǀeƌage of ϱϭ% of 
staďle ŵiŶeƌals that ĐoŶtƌiďute to loŶg-teƌŵ soil stƌuĐtuƌe. 
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What is also Ŷot takeŶ iŶto aĐĐouŶt is that a pƌopoƌioŶ of the oƌgaŶiĐ 
fƌaĐioŶ of Đoŵpost also ƌeŵaiŶs iŶ the soil oǀeƌ the loŶg teƌŵ, 
ĐoŶtƌiďuiŶg toǁaƌds soil stƌuĐtuƌe. This ŵeaŶs that the total supplǇ of  
suďstaŶĐes ƌeŵaiŶiŶg iŶ the soil ;i.e. a ĐoŵďiŶaioŶ of ďoth the staďle 
oƌgaŶiĐ aŶd ŵiŶeƌal fƌaĐioŶsͿ oǀeƌ the loŶg teƌŵ is gƌeateƌ thaŶ the 
ŵiŶeƌal soil paƌiĐles, ǁhiĐh aƌe oŶlǇ ĐoŶsideƌed iŶ these ĐalĐulaioŶs. 
IŶ oƌdeƌ to deteƌŵiŶe the pƌopoƌioŶ of ͚staďle oƌgaŶiĐ ŵateƌ͛, difeƌeŶt 
appƌoaĐhes aŶd ŵodels haǀe ďeeŶ disĐussed ;see Wessolek et al., ϮϬϬϴ; 
Kluge et al., ϮϬϬϴͿ. A siŵpliied ǁaǇ is use of the so-Đalled ͛ƌeĐoǀeƌǇ ƌate 
ŵethod͛ ǁhiĐh assuŵes that ďetǁeeŶ Ϯϲ% aŶd ϱϵ% of the oƌgaŶiĐ ŵateƌ 
oƌigiŶaiŶg fƌoŵ the Đoŵpost, ƌeŵaiŶs iŶ the soil oǀeƌ the loŶg teƌŵ ;Đf. 
‘eiŶhold, ϮϬϬϴ aŶd IFEU / ahu, ϮϬϭϭͿ. WheŶ usiŶg the loǁest ƌeĐoǀeƌǇ 
ƌate of Ϯϲ%, staďle suďstaŶĐes aĐĐouŶted foƌ ϲϬ.ϵ% ;ϱϭ% aŶd aŶ 
addiioŶal ϵ.ϵ% ďǇ oƌgaŶiĐ ŵateƌͿ iŶ the Đoŵpost. The pƌopoƌioŶ of 
staďle suďstaŶĐes iŶ the Đoŵpost ǁould ďe at the highest ƌeĐoǀeƌǇ ƌate of 
ϱϵ%, ϳϯ.ϱ% ;ϱϭ% aŶd aŶ addiioŶal ϮϮ.ϱ% ďǇ oƌgaŶiĐ ŵateƌͿ.  

 

■ Soil tǇpe: IŶ the liteƌatuƌe theƌe aƌe Ŷo data aǀailaďle oŶ the ĐoŵposiioŶ 
aŶd teǆtuƌe of ŵiŶeƌal suďstaŶĐes iŶ Đoŵposts. It is assuŵed that the 
gƌaiŶ size aŶd ĐoŵposiioŶ is ƌegioŶallǇ speĐiiĐ, siŶĐe these ŵiŶeƌal 
suďstaŶĐes ǁill ďe deƌiǀed fƌoŵ adheƌiŶg soil iŶ gaƌdeŶ ǁaste ;e.g. ǁeedsͿ 
oƌ sod. MiŶeƌal ĐoŵpoŶeŶts iŶ the Đoŵpost ĐaŶ also ďe fƌoŵ poiŶg soils 
aŶd ŵateƌials ;saŶd, ĐlaǇs, topsoilsͿ used foƌ gaƌdeŶiŶg aŶd laŶdsĐapiŶg 
puƌposes. 

 

Taďle ϭ: CoŵpoŶeŶts iŶ fresh Đoŵpost ;sourĐe: ŵediaŶ ǀalues BGK ϮϬϭϬͿ  

UŶit Coŵpost ;drǇ ŵaterͿ 

MiŶeƌal suďstaŶĐe iŶ the Đoŵpost iŶ % DM ϲϭ.ϴ% 

OƌgaŶiĐ ŵateƌ iŶ the Đoŵpost ;loss oŶ igŶiioŶͿ iŶ % DM ϯϴ.Ϯ% 

Coƌg % DM ϮϮ.ϭ% 

NitƌogeŶ ;N % DMͿ 
Phosphate ;PϮOϱ% DMͿ 
Potassiuŵ ;KϮO iŶ % DMͿ 

ϭ.ϰ% 

Ϭ.ϱ g 

ϭ.ϭ% 

CaƌďoŶate ;CaCOϯ% DM, deteƌŵiŶed fƌoŵ CaO % DMͿ ϳ.ϲ% 

LoŶg-teƌŵ iŶput of ŵiŶeƌal ĐoŵpoŶeŶts ;iŶ % DMͿ ϱϭ.Ϭ% 

LoŶg-teƌŵ fate of ŵiŶeƌal ĐoŵpoŶeŶts iŶ aŶ appliĐaioŶ set of 
ϭϬ t DM / ha peƌ Ǉeaƌ [ŵiŶeƌal suďstaŶĐe less ŶutƌieŶts aŶd 
ĐaƌďoŶate] 

ϱ.ϭ t DM / ;ha * aͿ 

IŶĐƌease of the soil hoƌizoŶ ϭϬ t DM/ ha peƌ Ǉeaƌ Ϭ.ϯϲ ŵŵ 

Cadŵiuŵ ĐoŶteŶt iŶ the Đoŵpost ;iŶ ŵg/kg DMͿ Ϭ.ϰϮ 

ϭ The liŵiŶg ǀalue of Đoŵpost is usuallǇ iŶdiĐated oŶ the ďasiĐ aĐiǀe iŶgƌedieŶts iŶ the foƌŵ of 
CaO ;ĐalĐiuŵ oǆideͿ. The liŵe is ŵaiŶlǇ pƌeseŶt   iŶ Đoŵpost aŶd soils as ĐaƌďoŶates ;CaCOϯͿ ;Đf. 
DLG / LLFG, ϮϬϬϵ.Ϳ. IŶ the pƌeseŶt studǇ, the aŵouŶt of CaO is ĐalĐulated ǁith the faĐtoƌ of ϭ.ϳϴ 
;ML‘ ϮϬϭϬͿ ďased oŶ the ŵeasuƌed aŵouŶt of ĐalĐiuŵ ĐaƌďoŶates ;CaCOϯͿ.  
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The pƌeĐauioŶaƌǇ ĐoŶtaŵiŶaŶt liŵit leǀels of the GeƌŵaŶ Fedeƌal Soil 
CoŶseƌǀaioŶ AĐt ;BBodSĐhVͿ ǁeƌe used as a ďeŶĐhŵaƌk, ǁhiĐh ƌelate to 
ĐlaǇ / silt soils.  
 

■ AppliĐaioŶ rates: IŶ the folloǁiŶg eǆaŵples the legallǇ peƌŵissiďle 
ŵaǆiŵuŵ appliĐaioŶ ƌates aĐĐoƌdiŶg to the GeƌŵaŶ Bioǁaste OƌdiŶaŶĐe 
;BioAďfV, ϮϬϭϮͿ haǀe ďeeŶ assuŵed. 
AĐĐoƌdiŶg to the Bioǁaste OƌdiŶaŶĐe Ŷot ŵoƌe thaŶ ϮϬ t ;tƌeatedͿ oƌgaŶiĐ 
ǁaste dƌǇ ŵateƌ ;DMͿ ĐaŶ ďe applied peƌ heĐtaƌe ǁithiŶ thƌee Ǉeaƌs; 
addiioŶal liŵits foƌ heaǀǇ ŵetals also Ŷeed to ďe oďseƌǀed. The 
appliĐaioŶ ƌate ĐaŶ ďe up to ϯϬ t DM / ;ha * ϯaͿ if the ŵoƌe stƌiŶgeŶt liŵit 
ǀalues foƌ heaǀǇ ŵetals iŶ the Đoŵpost aĐĐoƌdiŶg to § ϰ paƌagƌaph ϯ 
seŶteŶĐe Ϯ aƌe Đoŵplied ǁith. IŶ the eǆaŵple ĐalĐulaioŶs it is assuŵed 
that eǀeƌǇ thƌee Ǉeaƌs the ŵaǆiŵuŵ aŵouŶt of ϯϬ t DM / ha Đoŵpost is 
applied. WheŶ ĐoŶǀeƌted to aŶŶual appliĐaioŶs, this ĐoƌƌespoŶds to aŶ 
aŶŶual appliĐaioŶ ƌate of ϭϬ t DM / ;ha * aͿ. 
The ĐalĐulaioŶ is peƌfoƌŵed usiŶg ŵaǆiŵuŵ appliĐaioŶ ƌates to 
deŵoŶstƌate the efeĐts folloǁiŶg theoƌeiĐal loŶg teƌŵ Đoŵpost 
appliĐaioŶs. To deŵoŶstƌate these efeĐts, appliĐaioŶ oǀeƌ ϱϬϬ Ǉeaƌs is 
shoǁŶ, although, iŶ pƌaĐiĐe, Đoŵpost appliĐaioŶ oǀeƌ suĐh a loŶg peƌiod 
of iŵe ǁould Ŷot ďe eǆpeĐted. AŶ eǆaŵple is also shoǁŶ of the efeĐt of a 
loǁeƌ appliĐaioŶ ƌate, ǁhiĐh assuŵes ϰ t DM / ha peƌ Ǉeaƌ ;Đf. Chapteƌ 
ϯ.ϭͿ. 
 

■ Mass supplǇ: ‘egulaƌ Đoŵpost appliĐaioŶ of aŶ appliĐaioŶ ƌate of ϭϬ t 
DM / ha peƌ Ǉeaƌ ƌesults iŶ ϱ.ϭ t DM ŵiŶeƌal fƌaĐioŶ / ha peƌ Ǉeaƌ. Ateƌ 
ϭϬϬ Ǉeaƌs, the ŵass supplǇ is theƌefoƌe ϱϭϬ t DM / ha, oǀeƌ ϱϬϬ Ǉeaƌs it is 
Ϯ,ϳϭϱ t DM / ha ;Đf. Taďle ϭͿ. 

 

 

 

 

Figure Ϯ - TǇpiĐal ĐoŵposiioŶ of Đoŵpost ;SourĐe: VHE, ϮϬϭϭͿ 
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■ IŶĐrease iŶ soil horizoŶ: FolloǁiŶg ƌegulaƌ Đoŵpost appliĐaioŶ aŶd 
assuŵiŶg that the fƌaĐioŶ of the Đoŵpost that ƌeŵaiŶs iŶ the soil oǀeƌ the 
loŶg teƌŵ is ϱϭ% ;see aďoǀeͿ, the suƌfaĐe soil hoƌizoŶ ǁould iŶĐƌease iŶ 
height ďǇ Ϭ.ϯϲ ŵŵ eǀeƌǇ Ǉeaƌ, i.e. iŶ ϭϬϬ Ǉeaƌs, the topsoil hoƌizoŶ ǁould 
iŶĐƌease ǁith ƌegulaƌ use of Đoŵpost ďǇ ϯ.ϲ Đŵ, at ϱϬϬ Ǉeaƌs of use, this 
ǁould ĐoƌƌespoŶd to ϭϴ Đŵ ;Đf. Taďle ϭͿ. 

 

 

Forŵula ϭ: IŶĐƌease iŶ the thiĐkŶess of the hoƌizoŶ 

 

CalĐulaioŶ: ht =  
 

ht IŶĐƌease of the thiĐkŶess of the hoƌizoŶ iŶ ŵŵ 

t Peƌiod of appliĐaioŶ iŶ Ǉeaƌs 

M Applied Đoŵpost ƋuaŶitǇ ;DMͿ iŶ t/;ha*aͿ 

AloŶg Shaƌe ƌeŵaiŶiŶg iŶ the soil oǀeƌ the loŶg teƌŵ iŶ % 

dĐoŵp 
DƌǇ ďulk deŶsitǇ of the Đoŵpost ;heƌe ϭ.ϰ g / 
Đŵ³Ϳ 

iŶ g / Đŵ³ 

ha Plot size iŶ heĐtaƌes ;haͿ 

 
t

compd

halongAM




10_

_
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ϯ Eǆaŵple ĐoŶtaŵiŶaŶt ĐoŶĐeŶtraioŶ ĐalĐulaioŶs  

With the use of Đoŵpost, as shoǁŶ iŶ Chapteƌ ϭ, Ŷot oŶlǇ aƌe heaǀǇ ŵetals 
applied, ďut the topsoil is also ďuilt up oǀeƌ the loŶg teƌŵ. The staŶdaƌd 
ĐoŶtaŵiŶaŶt ĐoŶĐeŶtƌaioŶ ĐalĐulaioŶs ;see ďeloǁͿ ĐoŶsideƌ oŶlǇ the supplǇ of 
ĐoŶtaŵiŶaŶts aŶd ŶegleĐt the ĐoŶsideƌaďle ŵass supplǇ aŶd assoĐiated ďeŶeits 
foƌ ďuildiŶg up soil stƌuĐtuƌe ǁith Đoŵpost use. 
 

The pƌeseŶĐe of ŵiŶeƌal ĐoŵpoŶeŶts ;ǁhiĐh ƌeŵaiŶ iŶ the soil oǀeƌ the loŶg 
teƌŵͿ, is esseŶial iŶ ĐalĐulaiŶg soil ĐoŶtaŵiŶaŶt leǀels, as the folloǁiŶg 
eǆaŵples shoǁ. The ĐoŶdiioŶs aŶd assuŵpioŶs foƌ the ĐalĐulaioŶ aƌe 
suŵŵaƌised iŶ Chapteƌ Ϯ. 
 

Eǆaŵple load ĐalĐulaioŶs, takiŶg iŶto aĐĐouŶt soil ďuild up, is shoǁŶ foƌ 
Đadŵiuŵ iŶ Đoŵpost: 
■ IŶlueŶĐe of the appliĐaioŶ ƌate  
■ IŶlueŶĐe of the ĐoŶĐeŶtƌaioŶ of ĐoŶtaŵiŶaŶts iŶ Đoŵpost  
■ IŶlueŶĐe of the iŶiial ĐoŶteŶt iŶ the soil  
■ IŶlueŶĐe of the thiĐkŶess of the soil hoƌizoŶ  
■ IŶlueŶĐe of the pƌopoƌioŶ of loŶg-teƌŵ staďle ĐoŶsitueŶts iŶ the 

Đoŵpost 
 

Forŵula Ϯ: EǆĐludiŶg ŵiŶeƌal ĐoŵpoŶeŶts 

 

FuŶĐioŶ CBo_t =  
 

 

Forŵula ϯ: TakiŶg iŶto aĐĐouŶt the ďuild-up iŶ soil stƌuĐtuƌe thƌough the 
appliĐaioŶ of loŶg teƌŵ ƌesidual ŵiŶeƌal fƌaĐioŶs 

 

FuŶĐioŶ CBo_t =  
 

 

   
hahd

hahdBoCthaMCompC




1000

1000_1,0_

   
   thalongAMhahd

hahdBoCthaMCompC




1,0_1000

1000_1,0_

t Peƌiod of appliĐaioŶ iŶ Ǉeaƌs 

CBo 

CoŶĐeŶtƌaioŶ iŶ ƌeleǀaŶt soil hoƌizoŶ at the ďegiŶŶiŶg 
of the ĐalĐulaioŶ ;usiŶg the ďaĐkgƌouŶd ǀalue aĐĐoƌdiŶg 
to LABO ϮϬϬϯͿ 

iŶ ŵg/kg DM 

CBo_t CoŶĐeŶtƌaioŶ iŶ ƌeleǀaŶt soil hoƌizoŶ ateƌ t Ǉeaƌs iŶ ŵg/kg DM 

CCoŵp Solids ĐoŶĐeŶtƌaioŶ iŶ the Đoŵpost iŶ ŵg/kg DM 

ha SuƌfaĐe aƌea iŶ heĐtaƌes ;haͿ 

h Soil hoƌizoŶ thiĐkŶess iŶ ŵ 

M Coŵpost appliĐaioŶ ƌate ;DMͿ iŶ t/;ha*aͿ 

AloŶg 
FƌaĐioŶ ƌeŵaiŶiŶg iŶ the soil oǀeƌ the loŶg teƌŵ  
;iŶseƌt iŶto foƌŵula: ϱϬ% = Ϭ.ϱϬͿ 

iŶ % 

d DƌǇ ďulk deŶsitǇ of soil iŶ g / Đŵ³ 
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ϯ.ϭ IŵpaĐt of difereŶt appliĐaioŶ rates  

The ĐhaŶge iŶ the ĐoŶĐeŶtƌaioŶ of heaǀǇ ŵetals iŶ the soil is depeŶdeŶt Ŷot 
oŶlǇ oŶ its ĐoŶĐeŶtƌaioŶ iŶ the Đoŵpost aŶd iŶ the soil, ďut also oŶ the Đoŵpost 
appliĐaioŶ ƌate. The eǆaŵple ĐalĐulaioŶ assuŵes that the Cadŵiuŵ ;CdͿ 
ĐoŶĐeŶtƌaioŶ iŶ tǇpiĐal Đoŵpost is Ϭ.ϰϮ ŵg / kg DM, ďased oŶ the dataďase 
fƌoŵ BGK ;ϮϬϭϬͿ. The ĐoŶĐeŶtƌaioŶ of Đadŵiuŵ iŶ the soil, ǁas ďased oŶ the 
ďaĐkgƌouŶd ǀalue of Ϭ.ϯϲ ŵg / kg DM ;ϱϬth peƌĐeŶileͿ aĐĐoƌdiŶg to LABO ;ϮϬϬϯͿ 
of topsoil uŶdeƌ aƌaďle use oŶ loess iŶ ƌuƌal aƌeas of GeƌŵaŶǇ. 
 

The appliĐaioŶ ƌates ǁeƌe ǀaƌied as folloǁs: 
 

■ FiƌstlǇ, the ŵaǆiŵuŵ appliĐaioŶ ƌate ǁas used aĐĐoƌdiŶg BioAďfV ;ϮϬϭϮͿ, 
ǁhiĐh liŵits appliĐaioŶ ƌates to ϯϬ t DM / ha eǀeƌǇ thƌee Ǉeaƌs iŶ oƌdeƌ to 
ĐoŵplǇ ǁith heaǀǇ ŵetal liŵit appliĐaioŶ ƌates. This ǁas ĐoŶǀeƌted to aŶ 
aŶŶual appliĐaioŶ ƌate of ϭϬ t DM / ;ha * aͿ ;ŵaƌked iŶ ďlue iŶ Figuƌe ϯͿ. 

 

■ OŶ the otheƌ haŶd, a loǁeƌ appliĐaioŶ ƌate of ϰ t DM/ha peƌ Ǉeaƌ ǁas also 
ĐalĐulated ;ŵaƌked iŶ gƌeeŶ iŶ Figuƌe ϯͿ. 

 

As ĐaŶ ďe seeŶ iŶ Figuƌe ϯ, ďǇ takiŶg iŶto aĐĐouŶt the ŵiŶeƌal ĐoŵpoŶeŶt iŶ the 
Đoŵpost, the aĐĐuŵulaioŶ ƌate of Đadŵiuŵ iŶ soil ǁas sigŶiiĐaŶtlǇ loǁeƌ, as 
folloǁs: 
 

■ Without takiŶg iŶto aĐĐouŶt the ŵiŶeƌal ĐoŵpoŶeŶts, the ĐoŶĐeŶtƌaioŶ 
of ĐoŶtaŵiŶaŶts iŶ the soil is deteƌŵiŶed ďǇ the aŵouŶt of Đoŵpost 
applied as the total ĐoŶtaŵiŶaŶt load that is applied to aŶ assuŵed 
ĐoŶstaŶt aŵouŶt of soil. At aŶ appliĐaioŶ ƌate of ϭϬ t DM / ;ha * aͿ the 
ĐoŶĐeŶtƌaioŶ of Đadŵiuŵ iŶ the soil ǁould iŶĐƌease fƌoŵ aŶ iŶiial 

ϰ t DM takiŶg iŶto aĐĐouŶt the ďuild-up of soil 

ϭϬ t DM takiŶg iŶto aĐĐouŶt the ďuild-up of soil 

ϰ t DM ǁithout takiŶg iŶto aĐĐouŶt the ďuild-up of soil 

ϭϬt DM ǁithout takiŶg iŶto aĐĐouŶt the ďuild-up of soil 

Figure ϯ - EŶriĐhŵeŶt sĐeŶarios for Đadŵiuŵ ǁith difereŶt Đoŵpost appliĐaioŶ rates takiŶg iŶto 
aĐĐouŶt aŶd ǁithout takiŶg iŶto aĐĐouŶt ďuild-up of soil struĐture ďǇ ŵiŶeral soil pariĐles. 
The iŶiial ĐoŶteŶt of the surfaĐe soil is Ϭ.ϯϲ ŵg / kg DM Cd aŶd ĐorrespoŶds to the ďaĐkgrouŶd 
ǀalue ;ϱϬth perĐeŶileͿ ďǇ LABO ϮϬϬϯ iŶ topsoil for use oŶ araďle loess iŶ rural areas. The Cd ĐoŶ-
teŶt iŶ the Đoŵpost is Ϭ.ϰϮ ŵg / kg DM 
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ĐoŶĐeŶtƌaioŶ of Ϭ.ϯϲ ŵg / kg DM to Ϭ.ϱϲ ŵg / kg dƌǇ ŵateƌ ateƌ ϮϬϬ 
Ǉeaƌs ;aŶ iŶĐƌease of Ϭ.Ϯ ŵg / kg DMͿ aŶd to Ϭ.ϴϲ ŵg / kg DM ateƌ ϱϬϬ 
Ǉeaƌs. 

 

■ BǇ takiŶg iŶto aĐĐouŶt the iŶĐƌease iŶ the soil hoƌizoŶ due to the addiioŶ 
of ŵiŶeƌal ĐoŵpoŶeŶts iŶ the Đoŵpost, at ϭϬ t DM / ;ha * aͿ the oƌigiŶal 
Đadŵiuŵ ĐoŶteŶt iŶ the soil of Ϭ.ϯϲ ŵg / kg dƌǇ ŵateƌ ǁould oŶlǇ 
iŶĐƌease to Ϭ.ϰϱ ŵg / kg dƌǇ ŵateƌ ateƌ ϮϬϬ Ǉeaƌs ;aŶ iŶĐƌease of Ϭ.Ϭϵ 
ŵg / kg DMͿ aŶd to Ϭ.ϱϰ ŵg / kg DM ateƌ ϱϬϬ Ǉeaƌs. 

 

The ŵoƌe Đoŵpost is applied, the ŵoƌe sigŶiiĐaŶt the difeƌeŶĐe ǁhetheƌ the 
loŶg teƌŵ iŶ the soil ƌeŵaiŶiŶg shaƌes aƌe takeŶ iŶto aĐĐouŶt oƌ Ŷot. At loǁeƌ 
appliĐaioŶ ƌates ;e.g. ϰ t DM / ;ha * aͿ ŵaƌked iŶ gƌeeŶ iŶ Fig. ϯͿ, the difeƌeŶĐe 
is less pƌoŶouŶĐed. 
 

IŶ geŶeƌal, the iguƌe shoǁs that iŶstead of a ĐoŶiŶuous, liŶeaƌ iŶĐƌease iŶ the 
soils Đadŵiuŵ ĐoŶĐeŶtƌaioŶ, ďǇ takiŶg iŶto aĐĐouŶt the ŵiŶeƌal fƌaĐioŶ, the 
aĐĐuŵulaioŶ of ĐoŶtaŵiŶaŶts folloǁs a ŶoŶ-liŶeaƌ, asǇŵptoiĐallǇ appƌoaĐh 
toǁaƌds the ĐoŶtaŵiŶaioŶ ĐoŶĐeŶtƌaioŶ iŶ Đoŵpost ;appƌoǆiŵatelǇ douďle 
aŵouŶtͿϮ . Please ƌefeƌ to the ŵatheŵaiĐal pƌoof ;pp. ϭϲ-ϭϳͿ. 

ϯ.Ϯ EfeĐt of difereŶt ĐoŶtaŵiŶaŶt ĐoŶĐeŶtraioŶs iŶ Đoŵpost 

The ĐoŶtaŵiŶaŶt ĐoŶĐeŶtƌaioŶ iŶ the Đoŵpost has a sigŶiiĐaŶt iŶlueŶĐe oŶ its 
aĐĐuŵulaioŶ iŶ the soil. This is shoǁŶ iŶ Figuƌe ϰ, ǁhiĐh shoǁs hoǁ ĐalĐulated 
Cd ĐoŶĐeŶtƌaioŶs iŶ soil ďased oŶ ďoth aǀeƌage ĐoŶĐeŶtƌaioŶs of Ϭ.ϰϮ ŵg / kg 
DM ;shoǁŶ iŶ ďlue iŶ Fig. ϰͿ ;ďased oŶ BGK, ϮϬϭϬͿ, aŶd aŶ assuŵed 
ĐoŶĐeŶtƌaioŶ of ϭ ŵg / kg DM Cd ;shoǁŶ iŶ oƌaŶge iŶ Figuƌe ϰͿ ĐaŶ iŶĐƌease 
ǁheŶ the ŵiŶeƌal fƌaĐioŶ is ďoth takeŶ iŶto aĐĐouŶt aŶd let out of the 
eƋuaioŶ. IŶ all Đases aŶ appliĐaioŶ ƌate of ϭϬ t of DM ;ha * aͿ ǁas assuŵed 
;ďased oŶ the BioAďfV ŵaǆiŵuŵ appliĐaioŶ ƌate of ϯϬ t DM/heĐtaƌes eǀeƌǇ 
thƌee ǇeaƌsͿ. 
 

IŶ the eǆaŵple, the ĐalĐulaioŶ shoǁs that at higheƌ ĐoŶĐeŶtƌaioŶs of 
ĐoŶtaŵiŶaŶts iŶ Đoŵpost, the iŶlueŶĐe of the ŵiŶeƌal ĐoŵpoŶeŶts due to 
aĐĐuŵulaioŶ iŶ the soil is paƌiĐulaƌlǇ Đleaƌ. AĐĐoƌdiŶg to the ĐuƌƌeŶt loadiŶg 
ƌate ĐalĐulaioŶ, loŶg-teƌŵ Đoŵpost appliĐaioŶ at Cd ĐoŶĐeŶtƌaioŶs of ϭ ŵg / kg 
DM, ǁould ƌeaĐh the pƌeĐauioŶaƌǇ soil liŵit ǀalue set ďǇ the BďodSĐhV ;ϭϵϵϵͿ 
foƌ ĐlaǇ / silt soils at ϮϳϬ Ǉeaƌs ;ϭ ŵg / kg DM; shoǁŶ iŶ Figuƌe ϰ iŶ ǇelloǁͿ. WheŶ 
the ĐhaŶge iŶ soil stƌuĐtuƌe due to the ŵiŶeƌal ĐoŵpoŶeŶt iŶ the Đoŵpost is 
takeŶ iŶto aĐĐouŶt, due to the asǇŵptoiĐ Đuƌǀe, this liŵit ǀalue ǁould Ŷot ďe 
ƌeaĐhed uŶil ateƌ ϱϬϬ Ǉeaƌs ;see Figuƌe ϰ aŶd SeĐioŶ ϯ.ϯͿ. 
 

 

 

 

Ϯ AŶ asǇŵptoiĐ appƌoǆiŵaioŶ of the ĐoŶĐeŶtƌaioŶ iŶ the soil toǁaƌds the ĐoŶĐeŶtƌaioŶ iŶ the 
Đoŵpost is Đaused ďǇ the ŵiŶeƌal staďle fƌaĐioŶ of ϱϭ% ǁhiĐh is applied ǁith the Đoŵpost oŶ a 
loŶg teƌŵ ďasis; see addiioŶal ŵatheŵaiĐal seĐioŶ ;pp. ϭϰ-ϭϱͿ.  
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ϯ.ϯ IŶlueŶĐes of difereŶt soil ďaĐkgrouŶd leǀels 

The ĐhaŶge iŶ heaǀǇ ŵetal ĐoŶĐeŶtƌaioŶs iŶ the soil also depeŶds upoŶ the 
iŶiial soil ŵetal ĐoŶĐeŶtƌaioŶ, as ǁell as the loadiŶg ƌates due to Đoŵpost 
appliĐaioŶ. At higheƌ iŶiial soil ĐoŶtaŵiŶaŶt leǀels, the ĐalĐulated ĐoŶĐeŶtƌaioŶ 
ǁas shoǁŶ to deĐƌease due to a diluioŶ efeĐt of the Đoŵpost ;see Figuƌe ϱͿ. 
 

■ AŶ iŶiial ĐoŶteŶt of Ϭ.ϭϱ ŵg / kg DM Cd iŶ topsoil ;ďlue iŶ Fig. ϱͿ ǁas 
ŵodelled. This ǀalue ĐoƌƌespoŶds to the ďaĐkgƌouŶd ǀalue ;ϱϬth 
peƌĐeŶileͿ Ƌuoted ďǇ LABO ;ϮϬϬϯͿ of ďouldeƌ ĐlaǇ / loaŵ iŶ ƌuƌal aƌeas iŶ 
GeƌŵaŶǇ. 

 

■ SeĐoŶdlǇ, aŶ iŶiial ĐoŶteŶt of the suƌfaĐe soil of ϭ.Ϭ ŵg / kg DM Cd ;piŶk 
iŶ Fig. ϱͿ ǁas ŵodelled. This leǀel ĐoƌƌespoŶds to the ďaĐkgƌouŶd ǀalue 
;ϵϬth peƌĐeŶileͿ Ƌuoted ďǇ LABO ;ϮϬϬϯͿ foƌ aƌaďle loess topsoil iŶ uƌďaŶ 
ĐoŶgloŵeƌaioŶ aƌeas iŶ Noƌth ‘hiŶe-Westphalia ;aƌea tǇpe IͿ.  

 

The ĐhaŶge iŶ ĐoŶtaŵiŶaŶt ĐoŶĐeŶtƌaioŶ iŶ the soil due to Đoŵpost appliĐaioŶ 
is theƌefoƌe depeŶdeŶt upoŶ its iŶiial soil ĐoŶĐeŶtƌaioŶ. If the iŶiial soil 
ďaĐkgƌouŶd ĐoŶĐeŶtƌaioŶ is loǁ ;e.g. as iŶ those ďouldeƌ ĐlaǇ / loaŵs suggested 
ďǇ LABO ϮϬϬϯͿ, the ƌate of aĐĐuŵulaioŶ ǁill ďe higheƌ thaŶ iŶ those soils ǁith 
higheƌ iŶiial ďaĐkgƌouŶd ĐoŶĐeŶtƌaioŶs, ǁheŶ the ŵiŶeƌal fƌaĐioŶ is takeŶ iŶto 
aĐĐouŶt. The eŶƌiĐhŵeŶt efeĐt due to the iŶĐƌease iŶ soil ŵass ǁheŶ the 
ŵiŶeƌal fƌaĐioŶ is takeŶ iŶto aĐĐouŶt, shoǁs a ŵaƌked difeƌeŶĐe ďetǁeeŶ the 
Cd ĐoŶĐeŶtƌaioŶs iŶ the tǁo soil tǇpes. 
 

 

 

 

 

Figure ϰ - EŶriĐhŵeŶt sĐeŶarios for Đadŵiuŵ iŶ soil ǁhere Đoŵpost ǁith Cd ĐoŶteŶts of Ϭ.ϰϮ aŶd ϭ 
ŵg / kg DM ǁere applied. 
The iŶiial ĐoŶteŶt of the surfaĐe soil is Ϭ.ϯϲ ŵg / kg DM Cd aŶd ĐorrespoŶds to the ďaĐkgrouŶd 
ǀalue ;ϱϬth perĐeŶileͿ ďǇ LABO ;ϮϬϬϯͿ of topsoil for use oŶ araďle loess iŶ rural areas. 
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Wheƌe theƌe aƌe high ďaĐkgƌouŶd ĐoŶĐeŶtƌaioŶs of heaǀǇ ŵetals iŶ the soil, 
Đoŵpost appliĐaioŶ ĐaŶ aĐtuallǇ ƌeduĐe theiƌ leǀels ;e.g. as shoǁŶ iŶ the 
ĐalĐulaioŶs foƌ ďaĐkgƌouŶd ǀalues of agƌiĐultuƌal loess soil iŶ uƌďaŶ aƌeas iŶ 
Noƌth ‘hiŶe-Westphalia; see Fig ϱͿ. The ĐoŶtaŵiŶaŶt aĐĐuŵulaioŶ ƌate 
ĐalĐulaioŶ that doesŶ͛t take iŶto aĐĐouŶt the efeĐts of the ŵiŶeƌal fƌaĐioŶ 
ǁould, ďǇ ĐoŶtƌast, lead to aŶ appaƌeŶt iŶĐƌease iŶ ŵetal ĐoŶĐeŶtƌaioŶ iŶ the 
soil.  
 

 

Figure ϱ: EŶriĐhŵeŶt sĐeŶarios for Đadŵiuŵ, depeŶdiŶg oŶ the iŶiial soil ĐoŶĐeŶtraioŶ. 
The iŶiial ĐoŶteŶt of the surfaĐe soil is Ϭ.ϭϱ ŵg / kg DM Cd ;ďlueͿ aŶd ϭ.Ϭ ŵg / kg DM Cd ;ǇelloǁͿ. 
The Cd ĐoŶteŶt iŶ the Đoŵpost is Ϭ.ϰϮ ŵg / kg DM. The appliĐaioŶ rate is ϭϬ t DM / ;ha * aͿ. 
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EǆĐursus: MatheŵaiĐal proof of loŶg-terŵ eŶriĐhŵeŶt 

BǇ takiŶg iŶto aĐĐouŶt the soil ŵiŶeƌal fƌaĐioŶ, loŶg teƌŵ feƌilizaioŶ 
ĐoŶtƌiďutes toǁaƌds a ďuild-up of soil stƌuĐtuƌe. The pƌoĐesses outliŶed iŶ 
Chapteƌ ϯ illustƌate hoǁ eŶƌiĐhŵeŶt oƌ depleioŶ ĐaŶ ďe ŵatheŵaiĐallǇ 
ƌepƌeseŶted ďǇ the fuŶĐioŶ ;CBo_tͿ, ǁhiĐh desĐƌiďes aŶ asǇŵptoiĐ 
appƌoǆiŵaioŶ. 
CoŶǀeƌgeŶĐe of the fuŶĐioŶ ǀalue of CBo_t oŶ a hoƌizoŶtal asǇŵptote, ĐaŶ ďe 
Đoŵputed foƌ t  ∞. 
 

Forŵula ϯ: TakiŶg iŶto aĐĐouŶt the ďuild-up of soil stƌuĐtuƌe ďǇ loŶg teƌŵ 
ƌesidual ŵiŶeƌal fƌaĐioŶs 

 

FuŶĐioŶ CBo_t =  
 

DeteƌŵiŶaioŶ of the asǇŵptote aŶd ĐoŶsideƌaioŶ of the fuŶĐioŶ ǀalue            
foƌ t  ∞ 

 

;ϭͿ fuŶĐioŶal eƋuaioŶ is ƌefoƌŵulated iŶto tǁo ƋuoieŶts ǁhose 
deǀelopŵeŶt is ĐoŶsideƌed foƌ eaĐh t  ∞: 

;ϮͿ Foƌ  t  ∞ 

 

 

;iƌst ƋuoieŶtͿ teŶds toǁaƌds to Ϭ.  
 

;ϯͿ Foƌ  t  ∞ 

 

 

 

;seĐoŶd QuoieŶtͿ teŶds toǁaƌds                                     
 

 

t Peƌiod of appliĐaioŶ iŶ Ǉeaƌs 

CBo 
CoŶĐeŶtƌaioŶ iŶ ƌeleǀaŶt soil hoƌizoŶ at the ďegiŶŶiŶg of 
the ĐalĐulaioŶ ;usiŶg the ďaĐkgƌouŶd ǀalue ďǇ LABO ϮϬϬϯͿ 

iŶ ŵg/kg DM 

CBo_t CoŶĐeŶtƌaioŶ iŶ ƌeleǀaŶt soil hoƌizoŶ ateƌ t Ǉeaƌs iŶ ŵg/kg DM 

CCoŵp CoŶĐeŶtƌaioŶ iŶ Đoŵpost iŶ ŵg/kg DM 

ha aƌea size iŶ Hektaƌ ;haͿ 

h HoƌizoŶ thiĐkŶess iŶ ŵ 

M Applied Đoŵpost ƋuaŶitǇ ;DMͿ iŶ t/;ha*aͿ 

AloŶg 
loŶg teƌŵ iŶ the soil ƌeŵaiŶiŶg iŶteƌest 

;paste foƌŵula: ϱϬ% = Ϭ.ϱϬͿ 
iŶ % 

d DƌǇ deŶsitǇ of the soil iŶ g/Đŵ³ 
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JusiiĐaioŶ foƌ ;ϯͿ - DeǀelopŵeŶt of seĐoŶd ƋuoieŶt: 
 

 

 

 

;ϰͿ EǆpaŶdiŶg the eƋuaioŶ ǁith 

 

 

 

this ƌesults iŶ  =  
 

 

 

;ϱͿ eƋuaioŶ is ƌeduĐed, [siŵpliied] 
 

 

thus ƌeŵaiŶs  =  
 

 

 

;ϲͿ Foƌ  t   ∞  teŶds toǁaƌds Ϭ. 
 

 

;ϳͿ thus ƌeŵaiŶs    = 

 

 

It folloǁs that: 
 

Foƌ  t  ∞  the ǀalue of the fuŶĐioŶ CBo_t alǁaǇs appƌoǆiŵates to : 
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Beispielhafter Graph zur Funktionsgleichung CBo_t 
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ϯ.ϰ IŶlueŶĐe of the soil horizoŶ thiĐkŶess 

The ĐalĐulated ĐhaŶge iŶ the ĐoŶĐeŶtƌaioŶ of heaǀǇ ŵetals iŶ the soil due to the 
supplǇ of Đoŵpost is highlǇ depeŶdeŶt oŶ the thiĐkŶess of the soil hoƌizoŶ. The 
eǆaŵple shoǁŶ iŶ Figuƌe ϲ assuŵes Đoŵpost haǀiŶg a Cd ĐoŶteŶt of Ϭ.ϰϮ ŵg / kg 
DM ;BGK, ϮϬϭϬͿ aŶd a pƌopoƌioŶ of loŶg-teƌŵ staďle ŵiŶeƌal fƌaĐioŶ of ϱϭ% ;as 
iŶ the pƌeĐediŶg eǆaŵplesͿ is applied to a soil ǁith a Cd ďaĐkgƌouŶd 
ĐoŶĐeŶtƌaioŶ of Ϭ.ϯϲ ŵg / kg DM ;ϱϬth peƌĐeŶile of loess topsoils uŶdeƌ aƌaďle 
use iŶ ƌuƌal aƌeas iŶ GeƌŵaŶǇ; LABO, ϮϬϬϯͿ. 
 

The hoƌizoŶ thiĐkŶess ǁas ǀaƌied as folloǁs: 
■ A hoƌizoŶ depth of ϭϬ Đŵ ;light ďlue liŶe iŶ Fig. ϲͿ, aŶd 

■ A hoƌizoŶ depth of ϰϬ Đŵ ;daƌk gƌeeŶ liŶe iŶ Fig. ϲͿ. 
 

Figuƌe ϲ shoǁs that the hoƌizoŶ thiĐkŶess of ĐoŶǀeŶioŶal loadiŶg ƌate 
ĐalĐulaioŶs that eǆĐlude the efeĐts of the ŵiŶeƌal fƌaĐioŶ sigŶiiĐaŶtlǇ afeĐt 
the soil Cd ĐoŶĐeŶtƌaioŶs ateƌ ϱϬϬ Ǉeaƌs ;i.e. theǇ ǁeƌe ĐalĐulated to ďe Ϭ.ϳϰ 
ŵg / kg DM Cd at ϰϬ Đŵ depth hoƌizoŶ aŶd ϭ.ϴϲ ŵg / kg dƌǇ ŵateƌ at ϭϬ Đŵ 
hoƌizoŶ depthͿ. BǇ ĐoŶtƌast, the difeƌeŶĐes ateƌ ϱϬϬ Ǉeaƌs ďetǁeeŶ the tǁo soil 
depths ǁheŶ the ŵiŶeƌal fƌaĐioŶ of the Đoŵpost ǁas takeŶ iŶto aĐĐouŶt ǁas 
Ŷoǁheƌe Ŷeaƌ as ŵaƌked: the ĐalĐulated Cd soil ĐoŶĐeŶtƌaioŶs ateƌ ϱϬϬ Ǉeaƌs 
ǁeƌe Ϭ.ϱϭ ŵg / kg dƌǇ ŵateƌ at ϰϬ Đŵ depth hoƌizoŶ aŶd Ϭ.ϲϲ ŵg / kg dƌǇ 
ŵateƌ at ϭϬ Đŵ depth hoƌizoŶ. The appƌoaĐh to the asǇŵptote of aďout Ϭ.ϴϮ 
ŵg / kg DM Cd ǁas shoǁŶ to ďe iŶdepeŶdeŶt of the hoƌizoŶ thiĐkŶess, as shoǁŶ 
ŵatheŵaiĐallǇ. The eŶƌiĐhŵeŶt aŶd appƌoaĐh is, hoǁeǀeƌ, sloǁed agaiŶ iŶ 
laƌgeƌ soil hoƌizoŶs. 
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Figure ϲ - EŶriĐhŵeŶt sĐeŶarios for Đadŵiuŵ iŶ a Cd ĐoŶteŶt iŶ the Đoŵpost of Ϭ.ϰϮ ŵg Cd/ kg 
aŶd difereŶt thiĐkŶess horizoŶ. 
The iŶiial ĐoŶteŶt of the surfaĐe soil is Ϭ.ϯϲ ŵg / kg Cd aŶd ĐorrespoŶds to the ďaĐkgrouŶd 
ǀalue ;ϱϬth perĐeŶileͿ ďǇ LABO ;ϮϬϬϯͿ of loess topsoil uŶder araďle use iŶ rural areas 
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PƌeĐauioŶaƌǇ Cd liŵit foƌ ĐlaǇ / silt soil aĐĐoƌdiŶg to GeƌŵaŶ BBodSĐhV, ϭϵϵϵ 
Yeaƌs 

ϰϬ Đŵ hoƌizoŶ thiĐkŶess - ǁithout the ďuild-up of soil 

ϭϬ Đŵ hoƌizoŶ thiĐkŶess - ǁithout the ďuild-up of soil 
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ϯ.ϱ IŶlueŶĐe of the ŵiŶeral fraĐioŶ 

AĐĐoƌdiŶg to the ŵatheŵaiĐal pƌoof foƌ deteƌŵiŶiŶg the asǇŵptote ;see 
EǆĐuƌsus oŶ pp. ϭϲ-ϭϳͿ, the deǀelopŵeŶt of the fuŶĐioŶ ǀalue is depeŶdeŶt 
upoŶ the pƌopoƌioŶ of staďle ŵiŶeƌal fƌaĐioŶ. As shoǁŶ iŶ Chapteƌ Ϯ, a ǁoƌst-

Đase sĐeŶaƌio ǁas used ǁhiĐh assuŵed that the staďle ŵiŶeƌal soil ĐoŶteŶt iŶ the 
Đoŵpost ǁas ϱϭ%. Hoǁeǀeƌ, this does Ŷot take iŶto aĐĐouŶt that a pƌopoƌioŶ of 
the oƌgaŶiĐ ŵateƌ iŶ Đoŵpost ĐaŶ also ďe staďle aŶd ƌeŵaiŶ iŶ the soil foƌ a loŶg 
iŵe. This ĐaŶ ďe aŶǇǁheƌe ďetǁeeŶ ϵ.ϵ% aŶd ϮϮ.ϱ% ;see SeĐioŶ ϮͿ, ŵeaŶiŶg 
that the staďle fƌaĐioŶ iŶ Đoŵpost ĐaŶ ďe up to ϳϯ.ϱ%. 
 

The eǆaŵple ĐalĐulaioŶ shoǁŶ iŶ Figuƌe ϲ illustƌates hoǁ the ĐoŶtaŵiŶaŶt 
ĐoŶĐeŶtƌaioŶ iŶ soil ǀaƌies depeŶdiŶg upoŶ the assuŵed peƌĐeŶtage of the 
staďle fƌaĐioŶ iŶ the Đoŵpost. A Đoŵpost ǁith aŶ assuŵed Cd ĐoŶĐeŶtƌaioŶ of 
Ϭ.ϰϮ ŵg / kg DM ;BGK, ϮϬϭϬͿ ǁas applied to a soil haǀiŶg a ďaĐkgƌouŶd Cd 
ĐoŶĐeŶtƌaioŶ of Ϭ.ϯϲ ŵg / kg DM Cd ;ϱϬth peƌĐeŶileͿ ateƌ LABO ;ϮϬϬϯͿ of loess 
topsoils uŶdeƌ aƌaďle use iŶ GeƌŵaŶ ƌuƌal aƌeas. The pƌopoƌioŶ of staďle 
suďstaŶĐes iŶ the Đoŵpost ǁas ǀaƌied as folloǁs: 
■ PƌopoƌioŶ of staďle fƌaĐioŶs iŶ Đoŵpost of ϮϬ% ;asǇŵptote: Ϯ.ϭͿ, 
■ PƌopoƌioŶ of staďle fƌaĐioŶs iŶ Đoŵpost of ϱϭ% ;asǇŵptote Ϭ.ϴϮͿ 
■ PƌopoƌioŶ of staďle fƌaĐioŶs iŶ Đoŵpost of ϳϬ% ;asǇŵptote: Ϭ.ϲͿ. 
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Figure ϳ - EŶriĐhŵeŶt sĐeŶarios for Đadŵiuŵ iŶ a Cd ĐoŶteŶt iŶ the Đoŵpost of Ϭ.ϰϮ ŵg / kg DM aŶd 
difereŶt staďle fraĐioŶs. 
The iŶiial ĐoŶteŶt of the surfaĐe soil is Ϭ.ϯϲ ŵg / kg DM Cd aŶd ĐorrespoŶds to the ďaĐkgrouŶd 
ǀalue ;ϱϬth perĐeŶileͿ ďǇ LABO ;ϮϬϬϯͿ of topsoil for use oŶ araďle loess iŶ rural areas. 
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The Đuƌǀe ĐleaƌlǇ shoǁs hoǁ the pƌopoƌioŶ of ŵiŶeƌal ĐoŵpoŶeŶts iŶ the 
Đoŵpost deteƌŵiŶes the aĐĐuŵulaioŶ ƌates of ĐoŶtaŵiŶaŶt leǀels iŶ the soil. 
 

The ĐalĐulaioŶs aŶd the folloǁiŶg Figuƌe ϳ shoǁ that oǀeƌ a peƌiod of ϱϬϬ Ǉeaƌs, 
the ĐalĐulated leǀels of Đadŵiuŵ fƌoŵ the oƌigiŶal Ϭ.ϯϲ ŵg / kg DM Cd iŶĐƌeased 
to: 
■ Ϭ.ϲϮ ŵg / kg DM Cd, assuŵiŶg a staďle fƌaĐioŶ of ϮϬ% of the Đoŵpost, 
■ Ϭ.ϱϰ ŵg / kg DM, assuŵiŶg a staďle fƌaĐioŶ of ϱϭ% of the Đoŵpost, 
■ Ϭ.ϰϱ ŵg / kg DM, assuŵiŶg a staďle fƌaĐioŶ of ϳϬ% of the Đoŵpost, aŶd 

■ Ϭ.ϳϰ ŵg / kg DM, assuŵiŶg a staďle fƌaĐioŶ of Ϭ% of the Đoŵpost. 
 

If loŶgeƌ peƌiods of iŵe aƌe ĐoŶsideƌed ;oǀeƌ ϱϬϬ ǇeaƌsͿ, the difeƌeŶĐe is 
iŶĐƌeasiŶglǇ eǀideŶt that the ŵodelled ĐoŶĐeŶtƌaioŶs appƌoaĐh the asǇŵptote. 
Thus, foƌ a Đoŵpost applied oŶ a ƌegulaƌ ďasis haǀiŶg a staďle ŵiŶeƌal fƌaĐioŶ of 
ϱϭ%, the soil Đadŵiuŵ ĐoŶĐeŶtƌaioŶ does Ŷot eǆĐeed the asǇŵptote of Ϭ.ϴϮ 
ŵg / kg DM ;t  ∞Ϳ. With a staďle fƌaĐioŶ of ϳϬ%, a ŵaǆiŵuŵ ĐoŶĐeŶtƌaioŶ of 
Ϭ.ϲ ŵg / kg DM Cd iŶ the soil ;asǇŵptoteͿ is Ŷot eǆĐeeded. IŶ ĐoŶtƌast, a 
Đoŵpost haǀiŶg oŶlǇ ϮϬ% as its staďle fƌaĐioŶ, a soil Cd ĐoŶĐeŶtƌaioŶ of Ϯ.ϭ 
ŵg / kg DM is possiďle. 
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ϰ CoŶĐlusioŶs  

The eǆaŵple loadiŶg ƌate ĐalĐulaioŶs shoǁ that ďǇ takiŶg iŶto aĐĐouŶt the 
staďle fƌaĐioŶ of Đoŵpost, this fuŶdaŵeŶtallǇ afeĐts the ƌesuliŶg 
ĐoŶĐeŶtƌaioŶs of ĐoŶtaŵiŶaŶts iŶ the soil oǀeƌ iŵe. 
The ŵatheŵaiĐal eǀideŶĐe shoǁs that takiŶg iŶto aĐĐouŶt the Data ďǇ BGK 
;ϮϬϭϬͿ, that is, at a ŵeaŶ Cd ĐoŶteŶt iŶ the Đoŵpost of Ϭ.ϰϮ ŵg / kg DM aŶd a 
loŶg-teƌŵ staďle ŵiŶeƌal soil aĐĐouŶted foƌ ϱϭ%, the ĐoŶĐeŶtƌaioŶ of  
Ϭ.ϴϮ ŵg /kg dƌǇ soil is eǆĐeeded iŶ aŶǇ Đase, as this is the asǇŵptote 
;Appƌoǆiŵate stƌaight liŶeͿ. 
 

The asǇŵptote ǁas ĐalĐulated fƌoŵ                       , 
 

 

i.e., the ŵaǆiŵuŵ ĐoŶĐeŶtƌaioŶ ;CBoͿ aƌises fƌoŵ the ƌaio of the ĐoŶĐeŶtƌaioŶ 
iŶ the feƌilizeƌ ;heƌe Đoŵpost: CĐoŵpͿ aŶd the staďle fƌaĐioŶ ;A_loŶgͿ. 
 

At higheƌ ďaĐkgƌouŶd soil ĐoŶĐeŶtƌaioŶs, the ĐoŶĐeŶtƌaioŶ iŶ the soil also 
appƌoǆiŵates to this saŵe ǀalue, i.e. theƌe is a ƌeduĐioŶ iŶ the ĐoŶĐeŶtƌaioŶ of 
the ĐoŶtaŵiŶaŶt. Foƌ eǆaŵple, iŶ soils ĐoŶtaiŶiŶg ĐoŶĐeŶtƌaioŶs gƌeateƌ thaŶ 
Ϭ.ϴϮ ŵg / kg DM Cd, loŶg-teƌŵ iŵpƌoǀeŵeŶts iŶ the soil ĐoŶtaŵiŶaŶt 
ĐoŶĐeŶtƌaioŶs ĐaŶ ďe aĐhieǀed. 
 

The eǆaŵple ĐalĐulaioŶs shoǁ that ĐoŶsideƌiŶg the staďle ;iŶǀaƌiaŶtͿ fƌaĐioŶ iŶ 
Đoŵpost to ĐalĐulate the ƌesuliŶg soil heaǀǇ ŵetal ĐoŶĐeŶtƌaioŶ folloǁiŶg its 
loŶg teƌŵ appliĐaioŶ is ďoth teĐhŶiĐallǇ ŵeaŶiŶgful aŶd plausiďle. The loadiŶg 
ƌate ĐalĐulaioŶs ĐoŵŵoŶlǇ used iŶ ǁhiĐh oŶlǇ the heaǀǇ ŵetal ĐoŶĐeŶtƌaioŶs 
iŶ the pƌoduĐt as ǁell as iŶ the ƌeĐeiǀiŶg soil aƌe takeŶ iŶto aĐĐouŶt, aƌe Ŷot 
ƌealisiĐ aŶd oǀeƌ ĐalĐulate ƌesultaŶt soil heaǀǇ ŵetal ĐoŶĐeŶtƌaioŶs. This is 
paƌiĐulaƌlǇ tƌue if oƌgaŶiĐ feƌilizeƌs ǁith high leǀels of ŵiŶeƌal soil paƌiĐles aƌe 
used. 

longA
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BodeŶhilfsstofeŶ, KultuƌsuďstƌateŶ uŶd PlaŶzeŶhilfsŵitelŶ ŶaĐh deŶ 
GƌuŶdsätzeŶ deƌ guteŶ faĐhliĐheŶ Pƌaǆis ďeiŵ DüŶgeŶ ;DüŶgeǀeƌoƌdŶuŶg - DüVͿ 
ǀoŵ Ϯϳ. Feď. ϮϬϬϳ, BGBl I Nƌ. ϳ ǀoŵ ϱ.Ϭϯ.ϮϬϬϳ S. ϮϮϭͿ.  
 

IFEU / ahu ;ϮϬϭϭͿ: OpiŵieƌuŶg deƌ VeƌǁeƌtuŶg oƌgaŶisĐheƌ Aďfälle. Teil ϭ: 
WiƌkuŶgsaŶalǇse BodeŶ, uŶǀeƌöfeŶtl. )ǁisĐheŶďeƌiĐht zuŵ 
FoƌsĐhuŶgsǀoƌhaďeŶ FK) ϯϳϬϵ ϯϯ ϯϰϬ. 
 

Kluge, ‘. et al. ;ϮϬϬϴͿ: NaĐhhalige KoŵpostaŶǁeŶduŶg iŶ deƌ LaŶdǁiƌtsĐhat. 
Hg. ǀoŵ LaŶdǁiƌtsĐhatliĐheŶ TeĐhŶologiezeŶtƌuŵ AugusteŶďeƌg – LT), 
Kaƌlsƌuhe. auĐh ǀeƌöfeŶtliĐht iŶ: BGK/LT) ;ϮϬϬϴͿ: NaĐhhalige 
KoŵpostaŶǁeŶduŶg iŶ deƌ LaŶdǁiƌtsĐhat. Theŵa des AďsĐhlusspƌojektes 
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Ϯϯ EuƌopeaŶ Coŵpost Netǁoƌk ECN e.V.

 

Koŵpost-AŶǁeŶduŶgs-ǀeƌsuĐhe BadeŶ-Wüƌteŵďeƌg, geföƌdeƌt duƌĐh das 
MiŶisteƌiuŵ füƌ EƌŶähƌuŶg uŶd LäŶdliĐheŶ ‘auŵ BW, BGK uŶd VHE. 
NaĐhfolgepƌojekt des VeƌďuŶd-FoƌsĐhuŶgspƌojektes deƌ DeutsĐheŶ 
BuŶdessituŶg Uŵǁelt ;Laufzeit ϮϬϬϬ-ϮϬϬϮͿ. LaŶdǁiƌtsĐhatliĐhes 
TeĐhŶologiezeŶtƌuŵ AugusteŶďeƌg ;Hƌsg.Ϳ, August ϮϬϬϴ. 
DoǁŶload of EŶglish SuŵŵaƌǇ puďlished as ECN INFO PAPE‘ No ϬϮ/ϮϬϭϬ: 
htp://ǁǁǁ.ĐoŵpostŶetǁoƌk.iŶfo/ǁoƌdpƌess/ǁp-ĐoŶteŶt/uploads/ϮϬϭϭ/Ϭϱ/
ECN-INFO-ϬϮ-ϮϬϭϬ_SustaiŶaďle_Use_of_Coŵpost_iŶ_AgƌiĐultuƌe_LT)-

PƌojeĐt.pdf 
 

KŶappe, F.; Möhleƌ, S.; OsteƌŵaǇeƌ, A.; Lazaƌ, S.; KaufŵaŶŶ, C. ;ϮϬϬϴͿ: 
VeƌgleiĐheŶde AusǁeƌtuŶg ǀoŶ StofeiŶtƌägeŶ iŶ BödeŶ üďeƌ ǀeƌsĐhiedeŶe 
EiŶtƌagspfade, UBA-FoƌsĐhuŶgsďeƌiĐht ϮϬϯ ϳϰ Ϯϳϱ, UBA Teǆte ϯϵ/Ϭϴ, BeƌliŶ. 
 

LABO – BuŶd/LäŶdeƌ-AƌďeitsgeŵeiŶsĐhat BodeŶsĐhutz ;ϮϬϬϯͿ: 
HiŶteƌgƌuŶdǁeƌte füƌ aŶoƌgaŶisĐhe uŶd oƌgaŶisĐhe Stofe iŶ BödeŶ, ϯ. üďeƌaƌď. 
u. eƌg. Aulage ϮϬϬϯ. 
 

ML‘ – MiŶisteƌiuŵ füƌ EƌŶähƌuŶg, LäŶdliĐheŶ ‘auŵ uŶd VeƌďƌauĐheƌsĐhutz 
BadeŶ-Wüƌteŵďeƌg ;ϮϬϭϬͿ: IŶfodieŶst LaŶdǁiƌtsĐhat - EƌŶähƌuŶg - LäŶdliĐheƌ 
‘auŵ. DüŶgeƌ-UŵƌeĐhŶuŶgstaďelleŶ, htp://ǁǁǁ.laŶdǁiƌtsĐhat-ďǁ.iŶfo/
seƌǀlet/PB/shoǁ/ϭϮϬϵϳϭϱ/DŶgeƌ %ϮϬUŵƌeĐhŶuŶgstaďelle.ǆls. 
 

‘eiŶhold, J. ;ϮϬϬϴͿ: AŶhaŶg Ϯ, Teil ϭ, zu ;Kluge et al. ϮϬϬϴͿ: UŶteƌsuĐhuŶgeŶ zu 
heißǁasseƌlösliĐheŶ BodeŶgehalteŶ aŶ KohleŶstof uŶd SiĐkstof soǁie zuƌ 
HuŵusƌepƌodukioŶ uŶd HuŵusƋualität. Koŵpost-AďsĐhlussďeƌiĐht ϮϬϬϴ. 
PuŶkte C Ϯ.Ϯ.ϭ.Ϯ uŶd C Ϯ.Ϯ.ϭ.ϱ, AusfühƌliĐheƌ EƌgeďŶisďeƌiĐht. 
 

TiŵŵeƌŵaŶŶ, F. et al. ;ϮϬϬϯͿ: NaĐhhalige KoŵpostǀeƌǁeƌtuŶg iŶ deƌ 
LaŶdǁiƌtsĐhat, DBU-AďsĐhlussďeƌiĐht zuŵ VeƌďuŶdfoƌsĐhuŶgspƌojekt 
PƌaǆisďezogeŶe AŶǁeŶduŶgsƌiĐhtliŶieŶ soǁie VeƌŵaƌktuŶgskoŶzepte füƌ deŶ 
ŶaĐhhaligeŶ EiŶsatz ǀoŶ gütegesiĐheƌteŶ KoŵposteŶ iŵ laŶdǁiƌtsĐhatliĐheŶ 
PlaŶzeŶďau, hg. ǀ. deƌ GütegeŵeiŶsĐhat Koŵpost ‘egioŶ Süd e.V., LeoŶďeƌg. 
 

SĐhefeƌ, F. & SĐhaĐhtsĐhaďel, P. ;ϮϬϬϮͿ: LehƌďuĐh deƌ BodeŶkuŶde, Heidelďeƌg. 
 

Wessolek, G. et al. ;ϮϬϬϴͿ: EƌŵitluŶg ǀoŶ OpiŵalgehalteŶ aŶ oƌgaŶisĐheƌ 
SuďstaŶz laŶdǁiƌtsĐhatliĐh geŶutzteƌ BödeŶ ŶaĐh § ϭϳ ;ϮͿ Nƌ. ϳ BBodSĐhG. 
FoƌsĐhuŶgspƌojekt iŵ Autƌag des UŵǁeltďuŶdesaŵtes FuE-VoƌhaďeŶ. FK) ϮϬϮ 
ϳϭ Ϯϲϰ, BeƌliŶ.  
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