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 I trodu io  

Whe  fe ilisi g soils ith o post, ot o l  a e ut ie ts a d o ga i  ate  
hu us  applied, ut also sig ii a t ua iies of i e als. The i e al f a io  
ash esidue  i  o post a ou ts to a  a e age of . % d  ate , ea i g 

that o l  . % loss o  ig iio  is ade up of o ga i  ate  BGK, , i.e. 
o e tha  half of the o post is ade up of a sta le i e al f a io . 

 

Although the o ga i  ate  f a io  a  e i e alised a d the ut ie ts 
a so ed  pla ts, the i e al f a io  e ai s i  the soil pe a e tl , 
o t i ui g to a ds soil st u tu e. This ea s that a  o ta i a ts ill e 

diluted to so e e te t ithi  the soil, as sho  i  Figu e . 

 

 

Figure  - Soil stru ture a d ha ge i  the o e traio  of hea  etals i  the soil through 
lo g ter  ferilizaio   taki g i to a ou t i eral soil pari les i  o post 
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To date, the i lue e of this i e al f a io  has ot ee  o side ed he  
al ulai g o ta i a t o e t aio s i  soil. As o e  % of the ass of 
o post is i e al, this has a sig ii a t i pa t o  the a tual o ta i a t le els 

i  the soil. It has ee  al ulated that the uppe  soil ho izo  ould e i eased 
 .   follo i g egula  o post use o e   ea s see the al ulaio  i  

the follo i g se io . 
 

Due to i easi g the depth of the uppe  soil ho izo  i.e. soil uild up  the 
o e t aio  of o ta i a ts f o  o post ould e sig ii a tl  lo e  
o pa ed ith al ulaio s ased solel  o  the appli aio  of o ta i a ts o  

thei  o . Si ila l , at highe  a kg ou d soil o e t aio s, edu io  i  the 
o e t aio s of o ta i a ts i  the soil a e possi le due to the appli aio  of 
o post see e a ples i  Chapte  . 

 

The i e al o po e ts of a ious fe ilise s ha e ee  studied i  the ‘ & D 
p oje t "Co pa ai e e aluaio  of su sta e e issio s i  soils ia dife e t 
outes of e t " K appe et al., . I  it, the  dete i ed aio ide 
o ta i a t i puts a d losses a d thei  a u ulaio  i  the soil. 

 

The i e al f a io  of o post e e also take  i to a ou t i  the e i h e t 
s e a ios des i ed  A li ge  et al., . The  a e to the o lusio  that 
“ i i g o post i to the topsoil la e , the etal o e t aio  is i eased 
as ptoi all  ith a o -li ea  fu io  to a ds the etal o e t aio  of the 
o post espe i g the i easi g i e al f a io  i  the soil." 
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  Fra e ork for the o sideraio  of the i eral fra io  

The i lue e of the i e al f a io  is holl  depe de t o  a u e  of asi  
assu pio s, hi h a e sho  elo . The follo i g assu pio s e e ade fo  
the e a ple al ulaio s sho  i  Chapte  . These pa a ete s a e also used i  
othe  data ases. 
 

■ Soil depth: The depth of the topsoil has a pa i ula  efe t o  o ta i a t 
o e t aio  al ulaio s. A o di g to a ious al ulaio s a d s e a ios 

used to dete i e o e t aio  efe ts i  the topsoil see K appe et al., 
; A li ge  et al., , the Ap ho izo  i.e. the uppe    of a a le 

soil  is o side ed to e the ost ep ese tai e. This ho izo  depth 
allo s the use of g ou d- ased data f o  e isi g studies that elate 
ge e all  to the Ap ho izo  f o   to   as the sa pli g ho izo . 

 

■ Dr  ulk de sit  d : A d  ulk de sit  of .  g /  has ee  assu ed fo  
a a le topsoil. This is lo ated i  the iddle of a iaio s oted  S hefe  
& S ha hts ha el . Ho e e , high i te sit  fa ed a a le soils ill 
te d to ha e highe  d  ulk de siies. 

 

■ Ba kgrou d o ta i a t o e traio s: T pi al a kg ou d 
o ta i a t o e t aio  alues fo  topsoils uoted  LABO  
e e used. These i lude soil use a d a ea-spe ii  alues fo  dife e t 

pa e t o ks. The th pe e ile has ee  used fo  ag i ultu e i  the 
dei ed a ea t pe III u i uitous le els i  u al a eas , ho e e , it has also 

ee  o pa ed ith the th pe e ile fo  ag i ultu e i  the dei ed 
a ea t pe I a eas of u a  o glo e aio .  

 

■ I puts a d outputs: The data uoted  K appe et al.  
Co pa ai e e aluaio  of he i al i puts i  soils th ough dife e t 

path a s  o side ed othe  sou es of i puts th ough i e al 
fe ilisaio , as ell as losses th ough ops a d lea hate. This data has 

ot ee  take  i to a ou t, i  o de   to disi guish o post- elated 
efe ts f o  othe  o t i ui g fa to s. 

 

■ Solids o te t: Co posiio  a d solids o te t of o post ithout 
digestate  e e take  f o  data supplied  the Bu desgütege ei s hat 
Ko post e.V. BGK, . Media  alues of f esh a d atu e o posts 

ithout digestate e e used see Ta le . 
 

■ Lo g ter  i eral fra io  soil uild up : The i e al o po e ts 
dete i ed  loss o  ig iio  i  the o post is o  a e age . % d  

ate , ith the o ga i  ate  f a io  o p isi g . % d  ate  
DM . Pa t of the i e al f a io  i  o post is i  the fo  of ut ie ts 

it oge  . % DM, phosphate . % DM, potassiu  . % DM; see BGK, 
 as ell as a o ate  . % ide iied as DM as CaO uliplied  

the fa to  of . , see BGK  a d ML‘ . This is sho  i  Figu e . 
Nut ie ts a d a o ates a  theo ei all  e i e alised o e  the lo g 
te  a d ashed out o  take  up  pla ts. I  te s of a o st ase 
s e a io, the efo e, ut ie ts a d a o ates e e ot at i uted to the 
lo g-te  i e al f a io  i  the soil. 
E e  u de  these o diio s, o posts ill suppl  a  a e age of % of 
sta le i e als that o t i ute to lo g-te  soil st u tu e. 
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What is also ot take  i to a ou t is that a p opo io  of the o ga i  
f a io  of o post also e ai s i  the soil o e  the lo g te , 
o t i ui g to a ds soil st u tu e. This ea s that the total suppl  of  

su sta es e ai i g i  the soil i.e. a o i aio  of oth the sta le 
o ga i  a d i e al f a io s  o e  the lo g te  is g eate  tha  the 

i e al soil pa i les, hi h a e o l  o side ed i  these al ulaio s. 
I  o de  to dete i e the p opo io  of sta le o ga i  ate , dife e t 
app oa hes a d odels ha e ee  dis ussed see Wessolek et al., ; 
Kluge et al., . A si pliied a  is use of the so- alled e o e  ate 

ethod  hi h assu es that et ee  % a d % of the o ga i  ate  
o igi ai g f o  the o post, e ai s i  the soil o e  the lo g te  f. 
‘ei hold,  a d IFEU / ahu, . Whe  usi g the lo est e o e  
ate of %, sta le su sta es a ou ted fo  . % % a d a  

addiio al . %  o ga i  ate  i  the o post. The p opo io  of 
sta le su sta es i  the o post ould e at the highest e o e  ate of 

%, . % % a d a  addiio al . %  o ga i  ate .  
 

■ Soil t pe: I  the lite atu e the e a e o data a aila le o  the o posiio  
a d te tu e of i e al su sta es i  o posts. It is assu ed that the 
g ai  size a d o posiio  is egio all  spe ii , si e these i e al 
su sta es ill e de i ed f o  adhe i g soil i  ga de  aste e.g. eeds  
o  sod. Mi e al o po e ts i  the o post a  also e f o  poi g soils 
a d ate ials sa d, la s, topsoils  used fo  ga de i g a d la ds api g 
pu poses. 

 

Ta le : Co po e ts i  fresh o post sour e: edia  alues BGK   

U it Co post dr  ater  

Mi e al su sta e i  the o post i  % DM . % 

O ga i  ate  i  the o post loss o  ig iio  i  % DM . % 

Co g % DM . % 

Nit oge  N % DM  

Phosphate P O % DM  

Potassiu  K O i  % DM  

. % 

.  g 

. % 

Ca o ate CaCO % DM, dete i ed f o  CaO % DM  . % 

Lo g-te  i put of i e al o po e ts i  % DM  . % 

Lo g-te  fate of i e al o po e ts i  a  appli aio  set of 
 t DM / ha pe  ea  [ i e al su sta e less ut ie ts a d 

a o ate] 
.  t DM / ha * a  

I ease of the soil ho izo   t DM/ ha pe  ea  .   

Cad iu  o te t i  the o post i  g/kg DM  .  

 The li i g alue of o post is usuall  i di ated o  the asi  a i e i g edie ts i  the fo  of 
CaO al iu  o ide . The li e is ai l  p ese t   i  o post a d soils as a o ates CaCO  f. 
DLG / LLFG, . . I  the p ese t stud , the a ou t of CaO is al ulated ith the fa to  of .  
ML‘  ased o  the easu ed a ou t of al iu  a o ates CaCO .  
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The p e auio a  o ta i a t li it le els of the Ge a  Fede al Soil 
Co se aio  A t BBodS hV  e e used as a e h a k, hi h elate to 
la  / silt soils.  

 

■ Appli aio  rates: I  the follo i g e a ples the legall  pe issi le 
a i u  appli aio  ates a o di g to the Ge a  Bio aste O di a e 

BioA fV,  ha e ee  assu ed. 
A o di g to the Bio aste O di a e ot o e tha   t t eated  o ga i  

aste d  ate  DM  a  e applied pe  he ta e ithi  th ee ea s; 
addiio al li its fo  hea  etals also eed to e o se ed. The 
appli aio  ate a  e up to  t DM / ha * a  if the o e st i ge t li it 

alues fo  hea  etals i  the o post a o di g to §  pa ag aph  
se te e  a e o plied ith. I  the e a ple al ulaio s it is assu ed 
that e e  th ee ea s the a i u  a ou t of  t DM / ha o post is 
applied. Whe  o e ted to a ual appli aio s, this o espo ds to a  
a ual appli aio  ate of  t DM / ha * a . 
The al ulaio  is pe fo ed usi g a i u  appli aio  ates to 
de o st ate the efe ts follo i g theo ei al lo g te  o post 
appli aio s. To de o st ate these efe ts, appli aio  o e   ea s is 
sho , although, i  p a i e, o post appli aio  o e  su h a lo g pe iod 
of i e ould ot e e pe ted. A  e a ple is also sho  of the efe t of a 
lo e  appli aio  ate, hi h assu es  t DM / ha pe  ea  f. Chapte  

. . 
 

■ Mass suppl : ‘egula  o post appli aio  of a  appli aio  ate of  t 
DM / ha pe  ea  esults i  .  t DM i e al f a io  / ha pe  ea . Ate  

 ea s, the ass suppl  is the efo e  t DM / ha, o e   ea s it is 
,  t DM / ha f. Ta le . 

 

 

 

 

Figure  - T pi al o posiio  of o post Sour e: VHE,  
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■ I rease i  soil horizo : Follo i g egula  o post appli aio  a d 
assu i g that the f a io  of the o post that e ai s i  the soil o e  the 
lo g te  is % see a o e , the su fa e soil ho izo  ould i ease i  
height  .   e e  ea , i.e. i   ea s, the topsoil ho izo  ould 
i ease ith egula  use of o post  .  , at  ea s of use, this 

ould o espo d to   f. Ta le . 
 

 

For ula : I ease i  the thi k ess of the ho izo  

 

Cal ulaio : ht =  
 

ht I ease of the thi k ess of the ho izo  i   

t Pe iod of appli aio  i  ea s 

M Applied o post ua it  DM  i  t/ ha*a  

Alo g Sha e e ai i g i  the soil o e  the lo g te  i  % 

d o p 
D  ulk de sit  of the o post he e .  g / 

³  
i  g / ³ 

ha Plot size i  he ta es ha  

 
t

compd

halongAM




10_

_
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 E a ple o ta i a t o e traio  al ulaio s  

With the use of o post, as sho  i  Chapte  , ot o l  a e hea  etals 
applied, ut the topsoil is also uilt up o e  the lo g te . The sta da d 
o ta i a t o e t aio  al ulaio s see elo  o side  o l  the suppl  of 
o ta i a ts a d egle t the o side a le ass suppl  a d asso iated e eits 

fo  uildi g up soil st u tu e ith o post use. 
 

The p ese e of i e al o po e ts hi h e ai  i  the soil o e  the lo g 
te , is esse ial i  al ulai g soil o ta i a t le els, as the follo i g 
e a ples sho . The o diio s a d assu pio s fo  the al ulaio  a e 
su a ised i  Chapte  . 
 

E a ple load al ulaio s, taki g i to a ou t soil uild up, is sho  fo  
ad iu  i  o post: 
■ I lue e of the appli aio  ate  
■ I lue e of the o e t aio  of o ta i a ts i  o post  
■ I lue e of the i iial o te t i  the soil  
■ I lue e of the thi k ess of the soil ho izo   
■ I lue e of the p opo io  of lo g-te  sta le o situe ts i  the 

o post 
 

For ula : E ludi g i e al o po e ts 

 

Fu io  CBo_t =  
 

 

For ula : Taki g i to a ou t the uild-up i  soil st u tu e th ough the 
appli aio  of lo g te  esidual i e al f a io s 

 

Fu io  CBo_t =  
 

 

   
hahd

hahdBoCthaMCompC




1000

1000_1,0_

   
   thalongAMhahd

hahdBoCthaMCompC




1,0_1000

1000_1,0_

t Pe iod of appli aio  i  ea s 

CBo 

Co e t aio  i  ele a t soil ho izo  at the egi i g 
of the al ulaio  usi g the a kg ou d alue a o di g 
to LABO  

i  g/kg DM 

CBo_t Co e t aio  i  ele a t soil ho izo  ate  t ea s i  g/kg DM 

CCo p Solids o e t aio  i  the o post i  g/kg DM 

ha Su fa e a ea i  he ta es ha  

h Soil ho izo  thi k ess i   

M Co post appli aio  ate DM  i  t/ ha*a  

Alo g 
F a io  e ai i g i  the soil o e  the lo g te   
i se t i to fo ula: % = .  

i  % 

d D  ulk de sit  of soil i  g / ³ 
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.  I pa t of difere t appli aio  rates  

The ha ge i  the o e t aio  of hea  etals i  the soil is depe de t ot 
o l  o  its o e t aio  i  the o post a d i  the soil, ut also o  the o post 
appli aio  ate. The e a ple al ulaio  assu es that the Cad iu  Cd  
o e t aio  i  t pi al o post is .  g / kg DM, ased o  the data ase 

f o  BGK . The o e t aio  of ad iu  i  the soil, as ased o  the 
a kg ou d alue of .  g / kg DM th pe e ile  a o di g to LABO  

of topsoil u de  a a le use o  loess i  u al a eas of Ge a . 
 

The appli aio  ates e e a ied as follo s: 
 

■ Fi stl , the a i u  appli aio  ate as used a o di g BioA fV , 
hi h li its appli aio  ates to  t DM / ha e e  th ee ea s i  o de  to 

o pl  ith hea  etal li it appli aio  ates. This as o e ted to a  
a ual appli aio  ate of  t DM / ha * a  a ked i  lue i  Figu e . 

 

■ O  the othe  ha d, a lo e  appli aio  ate of  t DM/ha pe  ea  as also 
al ulated a ked i  g ee  i  Figu e . 

 

As a  e see  i  Figu e ,  taki g i to a ou t the i e al o po e t i  the 
o post, the a u ulaio  ate of ad iu  i  soil as sig ii a tl  lo e , as 

follo s: 
 

■ Without taki g i to a ou t the i e al o po e ts, the o e t aio  
of o ta i a ts i  the soil is dete i ed  the a ou t of o post 
applied as the total o ta i a t load that is applied to a  assu ed 
o sta t a ou t of soil. At a  appli aio  ate of  t DM / ha * a  the 
o e t aio  of ad iu  i  the soil ould i ease f o  a  i iial 

 t DM taki g i to a ou t the uild-up of soil 

 t DM taki g i to a ou t the uild-up of soil 

 t DM ithout taki g i to a ou t the uild-up of soil 

t DM ithout taki g i to a ou t the uild-up of soil 

Figure  - E ri h e t s e arios for ad iu  ith difere t o post appli aio  rates taki g i to 
a ou t a d ithout taki g i to a ou t uild-up of soil stru ture  i eral soil pari les. 
The i iial o te t of the surfa e soil is .  g / kg DM Cd a d orrespo ds to the a kgrou d 

alue th per e ile   LABO  i  topsoil for use o  ara le loess i  rural areas. The Cd o -
te t i  the o post is .  g / kg DM 
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o e t aio  of .  g / kg DM to .  g / kg d  ate  ate   
ea s a  i ease of .  g / kg DM  a d to .  g / kg DM ate   
ea s. 

 

■ B  taki g i to a ou t the i ease i  the soil ho izo  due to the addiio  
of i e al o po e ts i  the o post, at  t DM / ha * a  the o igi al 
ad iu  o te t i  the soil of .  g / kg d  ate  ould o l  

i ease to .  g / kg d  ate  ate   ea s a  i ease of .  
g / kg DM  a d to .  g / kg DM ate   ea s. 

 

The o e o post is applied, the o e sig ii a t the dife e e hethe  the 
lo g te  i  the soil e ai i g sha es a e take  i to a ou t o  ot. At lo e  
appli aio  ates e.g.  t DM / ha * a  a ked i  g ee  i  Fig. , the dife e e 
is less p o ou ed. 
 

I  ge e al, the igu e sho s that i stead of a o i uous, li ea  i ease i  the 
soils ad iu  o e t aio ,  taki g i to a ou t the i e al f a io , the 
a u ulaio  of o ta i a ts follo s a o -li ea , as ptoi all  app oa h 
to a ds the o ta i aio  o e t aio  i  o post app o i atel  dou le 
a ou t  . Please efe  to the athe ai al p oof pp. - . 

.  Efe t of difere t o ta i a t o e traio s i  o post 

The o ta i a t o e t aio  i  the o post has a sig ii a t i lue e o  its 
a u ulaio  i  the soil. This is sho  i  Figu e , hi h sho s ho  al ulated 
Cd o e t aio s i  soil ased o  oth a e age o e t aio s of .  g / kg 
DM sho  i  lue i  Fig.  ased o  BGK, , a d a  assu ed 
o e t aio  of  g / kg DM Cd sho  i  o a ge i  Figu e  a  i ease 
he  the i e al f a io  is oth take  i to a ou t a d let out of the 

e uaio . I  all ases a  appli aio  ate of  t of DM ha * a  as assu ed 
ased o  the BioA fV a i u  appli aio  ate of  t DM/he ta es e e  

th ee ea s . 
 

I  the e a ple, the al ulaio  sho s that at highe  o e t aio s of 
o ta i a ts i  o post, the i lue e of the i e al o po e ts due to 

a u ulaio  i  the soil is pa i ula l  lea . A o di g to the u e t loadi g 
ate al ulaio , lo g-te  o post appli aio  at Cd o e t aio s of  g / kg 

DM, ould ea h the p e auio a  soil li it alue set  the B odS hV  
fo  la  / silt soils at  ea s  g / kg DM; sho  i  Figu e  i  ello . Whe  
the ha ge i  soil st u tu e due to the i e al o po e t i  the o post is 
take  i to a ou t, due to the as ptoi  u e, this li it alue ould ot e 
ea hed u il ate   ea s see Figu e  a d Se io  . . 

 

 

 

 

 A  as ptoi  app o i aio  of the o e t aio  i  the soil to a ds the o e t aio  i  the 
o post is aused  the i e al sta le f a io  of % hi h is applied ith the o post o  a 

lo g te  asis; see addiio al athe ai al se io  pp. - .  
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.  I lue es of difere t soil a kgrou d le els 

The ha ge i  hea  etal o e t aio s i  the soil also depe ds upo  the 
i iial soil etal o e t aio , as ell as the loadi g ates due to o post 
appli aio . At highe  i iial soil o ta i a t le els, the al ulated o e t aio  

as sho  to de ease due to a diluio  efe t of the o post see Figu e . 
 

■ A  i iial o te t of .  g / kg DM Cd i  topsoil lue i  Fig.  as 
odelled. This alue o espo ds to the a kg ou d alue th 

pe e ile  uoted  LABO  of oulde  la  / loa  i  u al a eas i  
Ge a . 

 

■ Se o dl , a  i iial o te t of the su fa e soil of .  g / kg DM Cd pi k 
i  Fig.  as odelled. This le el o espo ds to the a kg ou d alue 

th pe e ile  uoted  LABO  fo  a a le loess topsoil i  u a  
o glo e aio  a eas i  No th ‘hi e-Westphalia a ea t pe I .  

 

The ha ge i  o ta i a t o e t aio  i  the soil due to o post appli aio  
is the efo e depe de t upo  its i iial soil o e t aio . If the i iial soil 

a kg ou d o e t aio  is lo  e.g. as i  those oulde  la  / loa s suggested 
 LABO , the ate of a u ulaio  ill e highe  tha  i  those soils ith 

highe  i iial a kg ou d o e t aio s, he  the i e al f a io  is take  i to 
a ou t. The e i h e t efe t due to the i ease i  soil ass he  the 

i e al f a io  is take  i to a ou t, sho s a a ked dife e e et ee  the 
Cd o e t aio s i  the t o soil t pes. 
 

 

 

 

 

Figure  - E ri h e t s e arios for ad iu  i  soil here o post ith Cd o te ts of .  a d  
g / kg DM ere applied. 

The i iial o te t of the surfa e soil is .  g / kg DM Cd a d orrespo ds to the a kgrou d 
alue th per e ile   LABO  of topsoil for use o  ara le loess i  rural areas. 
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Whe e the e a e high a kg ou d o e t aio s of hea  etals i  the soil, 
o post appli aio  a  a tuall  edu e thei  le els e.g. as sho  i  the 
al ulaio s fo  a kg ou d alues of ag i ultu al loess soil i  u a  a eas i  

No th ‘hi e-Westphalia; see Fig . The o ta i a t a u ulaio  ate 
al ulaio  that does t take i to a ou t the efe ts of the i e al f a io  
ould,  o t ast, lead to a  appa e t i ease i  etal o e t aio  i  the 

soil.  
 

 

Figure : E ri h e t s e arios for ad iu , depe di g o  the i iial soil o e traio . 
The i iial o te t of the surfa e soil is .  g / kg DM Cd lue  a d .  g / kg DM Cd ello . 
The Cd o te t i  the o post is .  g / kg DM. The appli aio  rate is  t DM / ha * a . 
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E ursus: Mathe ai al proof of lo g-ter  e ri h e t 

B  taki g i to a ou t the soil i e al f a io , lo g te  fe ilizaio  
o t i utes to a ds a uild-up of soil st u tu e. The p o esses outli ed i  

Chapte   illust ate ho  e i h e t o  depleio  a  e athe ai all  
ep ese ted  the fu io  CBo_t , hi h des i es a  as ptoi  

app o i aio . 
Co e ge e of the fu io  alue of CBo_t o  a ho izo tal as ptote, a  e 
o puted fo  t  ∞. 

 

For ula : Taki g i to a ou t the uild-up of soil st u tu e  lo g te  
esidual i e al f a io s 

 

Fu io  CBo_t =  
 

Dete i aio  of the as ptote a d o side aio  of the fu io  alue            
fo  t  ∞ 

 

 fu io al e uaio  is efo ulated i to t o uoie ts hose 
de elop e t is o side ed fo  ea h t  ∞: 

 Fo   t  ∞ 

 

 

i st uoie t  te ds to a ds to .  
 

 Fo   t  ∞ 

 

 

 

se o d Quoie t  te ds to a ds                                     
 

 

t Pe iod of appli aio  i  ea s 

CBo 
Co e t aio  i  ele a t soil ho izo  at the egi i g of 
the al ulaio  usi g the a kg ou d alue  LABO  

i  g/kg DM 

CBo_t Co e t aio  i  ele a t soil ho izo  ate  t ea s i  g/kg DM 

CCo p Co e t aio  i  o post i  g/kg DM 

ha a ea size i  Hekta  ha  

h Ho izo  thi k ess i   

M Applied o post ua it  DM  i  t/ ha*a  

Alo g 
lo g te  i  the soil e ai i g i te est 

paste fo ula: % = .  
i  % 

d D  de sit  of the soil i  g/ ³ 

   
   thalongAMhahd
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Jusii aio  fo   - De elop e t of se o d uoie t: 
 

 

 

 

 E pa di g the e uaio  ith 

 

 

 

this esults i   =  
 

 

 

 e uaio  is edu ed, [si pliied] 
 

 

thus e ai s  =  
 

 

 

 Fo   t   ∞  te ds to a ds . 
 

 

 thus e ai s    = 

 

 

It follo s that: 
 

Fo   t  ∞  the alue of the fu io  CBo_t al a s app o i ates to : 
 

 
   tlangAMhd

tMKompC
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Beispielhafter Graph zur Funktionsgleichung CBo_t 
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.  I lue e of the soil horizo  thi k ess 

The al ulated ha ge i  the o e t aio  of hea  etals i  the soil due to the 
suppl  of o post is highl  depe de t o  the thi k ess of the soil ho izo . The 
e a ple sho  i  Figu e  assu es o post ha i g a Cd o te t of .  g / kg 
DM BGK,  a d a p opo io  of lo g-te  sta le i e al f a io  of % as 
i  the p e edi g e a ples  is applied to a soil ith a Cd a kg ou d 
o e t aio  of .  g / kg DM th pe e ile of loess topsoils u de  a a le 

use i  u al a eas i  Ge a ; LABO, . 
 

The ho izo  thi k ess as a ied as follo s: 
■ A ho izo  depth of   light lue li e i  Fig. , a d 

■ A ho izo  depth of   da k g ee  li e i  Fig. . 
 

Figu e  sho s that the ho izo  thi k ess of o e io al loadi g ate 
al ulaio s that e lude the efe ts of the i e al f a io  sig ii a tl  afe t 

the soil Cd o e t aio s ate   ea s i.e. the  e e al ulated to e .  
g / kg DM Cd at   depth ho izo  a d .  g / kg d  ate  at   

ho izo  depth . B  o t ast, the dife e es ate   ea s et ee  the t o soil 
depths he  the i e al f a io  of the o post as take  i to a ou t as 

o he e ea  as a ked: the al ulated Cd soil o e t aio s ate   ea s 
e e .  g / kg d  ate  at   depth ho izo  a d .  g / kg d  
ate  at   depth ho izo . The app oa h to the as ptote of a out .  
g / kg DM Cd as sho  to e i depe de t of the ho izo  thi k ess, as sho  
athe ai all . The e i h e t a d app oa h is, ho e e , slo ed agai  i  

la ge  soil ho izo s. 

 

 

0,00

0,20

0,40

0,60

0,80

1,00

1,20

1,40

1,60

1,80

2,00

1 50 100 150 200 250 300 350 400 450 500

Jahre

C
d

-G
e
h

a
lt

 i
m

 B
o

d
e
n

 i
n

 m
g

/k
g

 T
S

40 cm Horizontmächtigkeit - mit Bodenaufbau 40 cm Horizontmächtigkeit - ohne Bodenaufbau

10 cm Horizontmächtigkeit - mit Bodenaufbau 10 cm Horizontmächtigkeit - ohne Bodenaufbau

Figure  - E ri h e t s e arios for ad iu  i  a Cd o te t i  the o post of .  g Cd/ kg 
a d difere t thi k ess horizo . 
The i iial o te t of the surfa e soil is .  g / kg Cd a d orrespo ds to the a kgrou d 

alue th per e ile   LABO  of loess topsoil u der ara le use i  rural areas 
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.  I lue e of the i eral fra io  

A o di g to the athe ai al p oof fo  dete i i g the as ptote see 
E u sus o  pp. - , the de elop e t of the fu io  alue is depe de t 
upo  the p opo io  of sta le i e al f a io . As sho  i  Chapte  , a o st-

ase s e a io as used hi h assu ed that the sta le i e al soil o te t i  the 
o post as %. Ho e e , this does ot take i to a ou t that a p opo io  of 

the o ga i  ate  i  o post a  also e sta le a d e ai  i  the soil fo  a lo g 
i e. This a  e a he e et ee  . % a d . % see Se io  , ea i g 
that the sta le f a io  i  o post a  e up to . %. 
 

The e a ple al ulaio  sho  i  Figu e  illust ates ho  the o ta i a t 
o e t aio  i  soil a ies depe di g upo  the assu ed pe e tage of the 

sta le f a io  i  the o post. A o post ith a  assu ed Cd o e t aio  of 
.  g / kg DM BGK,  as applied to a soil ha i g a a kg ou d Cd 
o e t aio  of .  g / kg DM Cd th pe e ile  ate  LABO  of loess 

topsoils u de  a a le use i  Ge a  u al a eas. The p opo io  of sta le 
su sta es i  the o post as a ied as follo s: 
■ P opo io  of sta le f a io s i  o post of % as ptote: . , 
■ P opo io  of sta le f a io s i  o post of % as ptote .  

■ P opo io  of sta le f a io s i  o post of % as ptote: . . 
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Figure  - E ri h e t s e arios for ad iu  i  a Cd o te t i  the o post of .  g / kg DM a d 
difere t sta le fra io s. 
The i iial o te t of the surfa e soil is .  g / kg DM Cd a d orrespo ds to the a kgrou d 

alue th per e ile   LABO  of topsoil for use o  ara le loess i  rural areas. 
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The u e lea l  sho s ho  the p opo io  of i e al o po e ts i  the 
o post dete i es the a u ulaio  ates of o ta i a t le els i  the soil. 

 

The al ulaio s a d the follo i g Figu e  sho  that o e  a pe iod of  ea s, 
the al ulated le els of ad iu  f o  the o igi al .  g / kg DM Cd i eased 
to: 
■ .  g / kg DM Cd, assu i g a sta le f a io  of % of the o post, 
■ .  g / kg DM, assu i g a sta le f a io  of % of the o post, 
■ .  g / kg DM, assu i g a sta le f a io  of % of the o post, a d 

■ .  g / kg DM, assu i g a sta le f a io  of % of the o post. 
 

If lo ge  pe iods of i e a e o side ed o e   ea s , the dife e e is 
i easi gl  e ide t that the odelled o e t aio s app oa h the as ptote. 
Thus, fo  a o post applied o  a egula  asis ha i g a sta le i e al f a io  of 

%, the soil ad iu  o e t aio  does ot e eed the as ptote of .  
g / kg DM t  ∞ . With a sta le f a io  of %, a a i u  o e t aio  of 

.  g / kg DM Cd i  the soil as ptote  is ot e eeded. I  o t ast, a 
o post ha i g o l  % as its sta le f a io , a soil Cd o e t aio  of .  
g / kg DM is possi le. 
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 Co lusio s  

The e a ple loadi g ate al ulaio s sho  that  taki g i to a ou t the 
sta le f a io  of o post, this fu da e tall  afe ts the esuli g 
o e t aio s of o ta i a ts i  the soil o e  i e. 

The athe ai al e ide e sho s that taki g i to a ou t the Data  BGK 
, that is, at a ea  Cd o te t i  the o post of .  g / kg DM a d a 

lo g-te  sta le i e al soil a ou ted fo  %, the o e t aio  of  
.  g /kg d  soil is e eeded i  a  ase, as this is the as ptote 
App o i ate st aight li e . 

 

The as ptote as al ulated f o                        , 
 

 

i.e., the a i u  o e t aio  CBo  a ises f o  the aio of the o e t aio  
i  the fe ilize  he e o post: C o p  a d the sta le f a io  A_lo g . 
 

At highe  a kg ou d soil o e t aio s, the o e t aio  i  the soil also 
app o i ates to this sa e alue, i.e. the e is a edu io  i  the o e t aio  of 
the o ta i a t. Fo  e a ple, i  soils o tai i g o e t aio s g eate  tha  

.  g / kg DM Cd, lo g-te  i p o e e ts i  the soil o ta i a t 
o e t aio s a  e a hie ed. 

 

The e a ple al ulaio s sho  that o side i g the sta le i a ia t  f a io  i  
o post to al ulate the esuli g soil hea  etal o e t aio  follo i g its 

lo g te  appli aio  is oth te h i all  ea i gful a d plausi le. The loadi g 
ate al ulaio s o o l  used i  hi h o l  the hea  etal o e t aio s 

i  the p odu t as ell as i  the e ei i g soil a e take  i to a ou t, a e ot 
ealisi  a d o e  al ulate esulta t soil hea  etal o e t aio s. This is 

pa i ula l  t ue if o ga i  fe ilize s ith high le els of i e al soil pa i les a e 
used. 
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