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Abstract: The bioavailability and mobility of a compound is not only influenced by concentration and 
quantity, but also by the ability of soil to recharge the compounds that plants have taken up from soil solution 
or removed by the moving ground water. The effective diffusion and mass flow of the compounds depends on 
the soil’s buffer capacity for that compound. The buffer capacity in function of equilibrium concentration 
(EBC) can be calculated as the first derivative of sorption isotherms. Using the measured and modelled multi-
step isotherms for this calculation we could get wave-shaping functions where the maximums are bigger even 
ten times than the minimums in the 5-10% interval of the whole soluble pesticide concentration. This result is 
highlighting some problems what we have never been taken into account before: Very small difference in the 
measured concentration can cover even ten times more or less amount of pesticide in the soil and the capacity 
of the soil to tolerate disturbance may also change even a magnitude in the aforementioned interval. 
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Introduction 

As the importance of pesticide and toxic organic chemical soil sorption for 
environmental fate has became apparent, it has been studied intensely for the last 22 
years (R Don Wauchope et al., 2002). The soil science and agricultural chemistry 
literature describe that the buffer capacity mainly used the phosphorus availability and 
pollution problems as a solution. 
The buffer capacity is measured from either adsorption or desorption isotherms and the 
equilibrium buffer capacity - function B - can be written as: 
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Specifically at the Langmuir isotherms the following formula can describe the 
equilibrium buffering capacity as a function of equilibrium concentration: 
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(Rattan, 2006). The buffer capacity of the soil’s P system may be described by the 
phosphorus adsorption isotherm. As a result of differentiating the adsorption equation, 
the equilibrium buffer capacity at any concentration (EBC) can be calculated as: 
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assuming that the adsorption reduces exponentially according to the Freundlich 
isotherm with a 1/3 exponent (Tolner and Füleky 1995). The advantage of using Q/I 
relationships is that they allow the prediction of both P retention and release in soils 
(Kpomblekou and Tabatabai, 1997). The P-buffering capacity of a soil is its ability to 



Vol. 59, 2010, Suppl. Növénytermelés 

 18

resist a change in the P concentration of the solution phase. Phosphorus-buffering 
capacities of soils can be related to both plant nutrition and environmental pollution. 
The Q/I model can be applied to either adsorption or desorption experiments (Yaobing 
et al., 2000). Results showed that Q/I parameters (the intercept labile P, a; the 
equilibrium buffering capacity, EBC; and the equilibrium P concentration, EPC) varied 
significantly between and within sites for the studied cropping systems.  

Materials and methods 

The herbicides as solutes resulted in two- or more step isotherms on soils and quartz. 
This phenomenon has not been observed yet concerning on the trace compounds in the 
environment. In this case the so-called Distributed Reactivity Model (DRM) is used to 
suggest the total sorption is given as the sum of the local adsorption isotherms 
(Czinkota et al., 2002; Konda et al., 2002). 
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In the cited work the adsorption isotherm was measured in different compounds using 
one soil sample, or one compound in different soil samples. The exact descriptions of 
experiments are in the cited articles. 

Results and discussion 

Using the isotherms the Equilibrium Buffering Capacity was calculated with help of the 
derivative function.  
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The straightforward derivation  of the above function is impossible because of the break 
point of abs function. *However, if we know that the abs function is just needed for 
negative (c-b) data that is not to be taken into account*. It means we can make the 
derivative function as the sum of single Langmuir isotherm in every x region. Therefore 
the following function can be used as the Equilibrium Buffering Capacity of multistep 
adsorption isotherms: 
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. 
Using the given parameters the Equilibrium Buffering Capacity function was calculated. 
*But because the larger error of derivative function was fitted on the differentiate data 
of original measurement result*.  
*Generally/In other cases* we calculated the new parameters (Tolner, 2008) (it is a little 
bit different from the original sorption isotherm parameters, because of the new fitting 
weighting points). The values of the parameters are given in Table 1. 

Table 1. The fitted parameter values of the measured Equilibrium Buffering Capacity data. 

compound R2 a1 a2 a3 k1 k2 k3 b1 b2 b3 e1 e2 e3 

Isoproturon 0,9993 9,29 9,93 4,42 0,30 3,79 1,47 0 4,57 13,16 0,45 0,55 3,11 

Diazinon 0,9998 31,73 31,89 0,00 0,51 0,28 1,00 0 3,86 1,00 1,84 2,67 1,00 

Atrazin 0,9980 9,26 10,97 0,00 0,28 0,49 1,00 0 4,16 1,00 0,95 2,46 1,00 

Imidacloprid 0,9960 4,22 9,82 6,01 2,41 0,14 0,01 0 2,33 5,67 1,00 3,00 6,00 
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Figure 1. Equilibrium Buffering Capacity functions of different compounds. 

Fig1. shows the calculated functions, as it can be seen, there are very big differences in 
the EBC values with relatively small equilibrium concentration differences, *and in 
some cases these are almost periodical*. 

Conclusions. How to use these results? 

If we know the water content of soil, based on the buffering capacity value we can 
calculate the ratio of adsorbed and dissolved amount of given compound. *In the 
analytical and monitoring practice we measure the concentration change of liquid phase, 
and we draw the conclusion that it is proportional to the changing of pollution amount 
and it is not true in aspects of our research*. The suggested calculation method step by 
step is the following: 
To calculate the changing of pollution amount of a compound in solid phase in a given 
water content of soil the following formula can be used: 

dcEBCdQ ⋅⋅
Θ

Θ−= 1

,
 

where dQ is the change of the pollution amount in solid phase, [mg*kg-1] 
dc  is the change of the concentration of solution, [mg*dm-3] 
EBC is the Equilibrium Buffering Capacity, [dm3*kg-1] 
Θ is the water content of soil, [dm3*dm-3].  
To calculate the total amount in milligrams of compound in the soil we must add the 
solid phase and liquid phase content,  
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If we have got one hectare soil and 25 cm plugged layer, *and calculate total amount in 
kilograms*: 
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where ρsoil is the density of solid phase, about 2.6 [kg*dm-3]; 
Vsoil is the volume of soil, in this case 2500000 [dm3] 
dQ is the change of the pollution amount in given soil area, [kg]. 
 
*An example about the measurement or monitoring causation of this results*: 
Let the soil water content be 0.2. Based on the isoproturon curve if the equilibrium 
solution concentration increases from 2 mg*dm-3 to 2,1 mg*dm-3, the EBC is 0.35 
dm3*kg-1 .The change of the total isoproturon content is 0.1 kg. With the same water 
condition and isoproturon buffer function if the equilibrium solution concentration 
increases from 4.5 mg*dm-3 to 4.6 mg*dm-3, the EBC is 8.18 dm3*kg-1. The change of 
the total isoproturon content is 21 kg. 
To the contrary, let’s suppose 20 kg*ha-1 isoproturon added into the soil, presumably as 
a plant protection activity. If the original equilibrium solution concentration was 2 
mg.dm-3 it is increasing by 2 mg*dm-3, i.e. 100 % increase, but if the original 
equilibrium solution concentration was 4,5 mg*dm-3 it would increase by 0,1 mg*dm-3, 
i.e. 2 % increase. Based on these results we must redefine our original contamination 
assessment methods to avoid even a magnitude error. *In addition to the equilibrium 
solution concentration measurement the Equilibrium Buffering Capacity (EBC) 
function for assessing the real amount of contaminants*.  

Acknowledgements TECH-09-A4-2009-0133, BDREVAM2 

References 

  
Czinkota I. - Földényi R. - Lengyel Z - Marton A.: 2002. Adsorption of propisochlor on soils and soil 

components equation for multi-step isotherms, Chemosphere 48: 725–731 
Konda LN. - Czinkota I. - Fuleky G. - Morovjan G.: 2002. Modeling of single-step and multistep adsorption 

isotherms of organic pesticides on soil, Journal of Agricultural and Food Chemistry 50: 7326-7331 
Kpomblekou-A K. - Tabatabai M.A.: 1997. Effect of cropping systems on quantity/intensity relationships of 

soil phosphorus. Soil Sci. 162: 56-68. 
Rattan L. (editor) Encyclopedia of Soil Science: 2006 Taylor et Francis Group LLC, New York 
Tolner L. - Fuleky Gy.: 1995. Determination of the Originally Adsorbed Soil Phosphorus by Modified 

Freundlich Isotherm. Commun. Soil Sci. Plant Anal. 26: 1213-1231. 
Tolner L.: 2008. The determination of parameters of multi-step adsorption isotherm by sequential simplex 

optimization. Applied Ecology and Environmental Research, 6: 111-119 
R Don Wauchope, Simon Yeh, Jan BHJ Linders: 2002. Pesticide soil sorption parameters: theory, 
       measurement, uses, limitations and reliability, Pest Manag Sci 58: 419-445 
Yaobing S. - Michael L. Thompsona.: 2000. Phosphorus Sorption, Desorption, and Buffering Capacity in a 

Biosolids-Amended Mollisol. Soil Science Society of America Journal 64:164-169. 


