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Abstract: In this research, we have studied the accumulation of four PTEs (Cadmium, copper, lead 
and zinc) during and after biosolid application, in two soils with different clay content and their 
eventual movement with depth. The study was performed in the Province of Buenos Aires, Argentina, 
on a Typic Argiudoll and on a Typic Hapludoll. Treatments were: control and biosolid application, at 
doses of 14 Mg ha−1year−1 (dry matter). There were two types of sampling: (i) Topsoil samp ling, at 0-
0.15 m depth, taken throughout five years and (ii) Depth soil sampling at regular intervals of 0.33 m 
from top soil to 3-4 m depth, taken two years after biosolid application. All samples were taken on 
April. PTEs, extracted hydrochloric, sulfuric and nitric acids (total) or extracted with 
DiethyleneTriaminePentaacetic acid-DTPA (available), were determined by ICP. Total concentrations 
of PTEs in topsoils of both soils did not increase significantly due to biosolid application. The 
exception was the significantly high Pb concentration in the Typic Hapludoll. DTPA extractable metals 
showed some concentration changes throughout the studied period. Total and available PTEs did not 
show mobility with the depth of both soils. The exception was total Cd in the Typic Argiudoll, which 
moved in depth. With only those two exceptions, there is neither PTEs accumulation in topsoils nor 
PTEs movements in soil depth. The first could be attributed to biosolid composition and dosage used 
in   the   region. The lack of movement in depth appears more related to the characteristics of the 
studied soils. 
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INTRODUCTION 

 
 The concentration of Potentially Toxic Elements 
(PTEs) in noncontaminated soils is related to parent 
material, soil forming processes, degree of mineral 
alteration[1,2] and soil clay content[3]. Different 
anthropogenic processes incorporate PTEs in soils at 
different rates. Biosolids, used due to their beneficial 
effects on agriculture [4], usually incorporate PTEs to 
soils [5,6]. Evidence indicates that PTEs from biosolids 
accumulated in soils can be absorbed by plants, 
resulting in increases of PTE concentration in plant 
tissues[7]. This absorption could lead to an undesirable 
metal accumulation in the food chain [8]. Therefore, 
regulations in most countries attempt to minimize soil 
accumulation danger from the application of biosolids 
(e.g., EPA 503).  
 Normally PTEs enter and accumulate in topsoils; 
therefore, knowing their fate in the soil body is another 
topic of interest. There are two main ideas about PTEs’ 

fate in soils. Some results prove that PTEs are mobile 
and a substantial redistribution of those elements occurs 
within the subsoil and aquifers [8,9]. This mobility of 
PTEs is attributed to their complexation by dissolved 
organic compounds, released from the soil organic 
matter or the biosolids themselves [10,11]. Conversely, 
other authors indicate that there is PTEs stabilization 
and lack of movement and even their availability 
decreases. This fate was attributed to a progressive 
change to less soluble forms, due to occlusion in Fe and 
Al oxides, or precipitation as silicates, phosphates, or 
carbonates [12,13] or sequestration on organic 
compounds[14]. 
 The extraction with strong acids does not indicate 
some of those PTEs changes in soils and it is not a good 
indicator of their absorption by roots [15,16]. Weak 
extractants (e.g., DiethyleneTriaminePentaacetic acid, 
DTPA; EthyleneDiamineTetraacetic, EDTA or CaCl2) 
were proposed to represent PTE bioavailability. 
Nevertheless, there are reports showing strong 



Am. J. Environ. Sci., 4 (6): 576-582, 2008 
 

 577 

correlation between weak extractant-metals and plant 
absorbed-metals [17,18] and other showing not relation at 
all[16]. The DTPA extraction however is very common 
and, in some cases, was used to study the metal 
mobility in soils [19]. 
 The DTPA determination could be useful to 
evaluate metal availability in short term. However, 
according to Juste and Mench [20], it is better to express 
metal bioavailability in relation to its total content, due 
to eventual spatial and temporal changes. On the other 
hand, the eventual PTEs redistribution through the soil 
profile can be indirectly observed, by quantifying its 
concentration in different soil depths [21,22]. Our 
objectives were to study the possible accumulation of 
four PTEs (cadmium (Cd), copper (Cu), lead (Pb) and 
zinc (Zn) during and after biosolid application, in two 
soils with different clay content and their eventual 
movement with depth. 
 

MATERIALS AND METHODS 
 
 The study was performed in two trials carried out 
from 1999 to 2003 in the Province of Buenos Aires, 
Argentina. They were located in the town of Solís 
(34°17’ 44.8’’S; 59°18’ 12.1’’W) on a Typic Argiudoll 
and, 146 km apart, in the city of 25 de Mayo 
(35°22‘38.9”S; 60°03‘48.5”W) on a Typic Hapludoll 
soil. Both soils have the same origin (loess-like 
sediments) and illite as the predominant clay. They 
differ in organic matter and clay contents and related 
properties as CEC. In both locations the landscape is 
flat and run-off is not noticeable. Experiments were 
performed at farmer level, using field machinery. Both 
trials were designed at random with two treatments and 
three replications. Each replication was 2000 m2 size. 
The treatments were: (i) control, without biosolid 
application  and  (ii)  biosolid application, at doses of 
14 Mg h−1 year−1 (dry matter), applied three consecutive 
years. The crops were wheat (1999), maize (2000) and 
sunflower (2001). After biosolid was no longer applied, 
crops were discontinued and a pasture was seeded in 
both locations. The chemical composition of the 
biosolid used in the study is shown in Table 1. 
 There were two soil samplings: (i) Topsoil 
sampling: a composite soil sample, from 15 subsamples 
taken  at  random  at  0.00-0.15 m depth from each plot. 
 
Table 1: Chemical composition of the biosolid used 
PTEs Content in biosolid, (mg kg−1) 
Cadmium 3.5 
Cooper 540.0 
Lead 440.0 
Zinc 2500.0 

month of the summer crop harvest in the Southern 
Hemisphere. No plant samples were taken. (ii) Depth 
soil sampling: Three replicates per plot were taken from 
top soil to 3 m depth in the Typic Hapludoll and 4 m 
depth in the Typic Argiudoll, at regular intervals of 
0.33 m. It was used an Eijelkamp soil sampler with a 
percussion hammer. Samples were taken on April 2002 
and 2003. Soil samples were dried at room temperature, 
ground and passed through a stainless steel 10-mesh 
sieve (2 mm). Two form of Cd, Cu, Pb and Zn were 
determined: (i) PTEs extracted by digestion with 
hydrochloric, sulfuric and nitric acids[23] and PTEs 
extracted with DTPA [24]. PTEs in all extracts were 
determined using Inductively Coupled Argon Plasma 
Emission Spectrometry (ICPES). Obtained values are 
considered from now on the Total and the Available 
forms, respectively. Determinations were contrasted 
with NIST standard reference material. Soils were 
characterized following standard analytical 
procedures[24]. All data were statistically tested for 
analysis of variance (ANOVA) with the Statistix 
analytical program. The Least Significant Difference 
(LSD) test was then employed to determine which 
values were significantly different from one another 
(p<0.05).  
 

RESULTS AND DISCUSSION 
 
Characteristics of biosolid and soils: The chemical 
composition of the biosolid Table 1 was within the 
permissible values to use in agriculture, according to 
Argentinean regulations[25]. The main chemical and 
physical properties of the two soils appear in Table 2. 
Soil profile characteristics are normal for those Great 
Groups of soils in the area[26]. The Typic Argiudoll is 
expected to have a larger metal absorption capacity than 
the Typic Hapludoll[27], mainly due to the higher soil 
OM, CEC and clay content of the former.  
 
Total and available PTEs accumulation on topsoil 
(0.00-0.15 m): Soil Total and Available PTEs 
concentrations showed no significant differences in the 
control treatments throughout the five studied years. 
Biosolid application treatment did not show statistically 
significant differences on Total PTEs concentrations 
during the three years of biosolid application. However, 
the Available PTEs showed significant differences with 
the control. In general, when the biosolid application 
was completed, concentrations of available PTEs 
showed statistical differences in comparison with the 
three previous years. From these results, data were 
organized as follows: (i) Control (C), average PTEs 
concentration on soils that did not receive biosolids; (ii) 
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Biosolid application (B1), average PTEs concentration 
on soils during three years of biosolid application; and 
(iii) After biosolid application (B2), average PTEs 
concentration on soils in the 2 years following the last 
biosolid application (Fig. 1). 
 Total PTEs concentrations on the Typic Argiudoll 
were 58-118% higher compared to the Typic Hapludoll. 
Available Cu, Pb and Zn concentrations were higher in 
the Typic Argiudoll, while Cd concentration was higher 
in the Typic Hapludoll. Biosolid application did not 
cause significant (p<0.05) changes in total PTEs 
concentrations in both soils in the two studied periods. 
The exception was the significant (p<0.05) increase in 
total Pb in the Typic Hapludoll, after the biosolid 
application ended (B2). The high variability of the 
results produced that in the most of the cases significant 
differences between them were not observed either. 
Anyway, in both soils, the available concentrations of 
Pb and Zn were significantly higher (p<0.05) when 
biosolids were applied (B1) compared with the Control 
(C) and after the biosolid application (B2). DTPA 
extractable-Cu   showed   a   similar    tendency.   Other 
authors have found similar results and they attribute 
them  to  the progressive immobilization of PTE toward 

less soluble forms [22,28]. The concentration of available 
Cd  during   biosolid  application   period  on  the Typic 
Argiudoll, showed a tendency to decrease (p<15.00). 
This fact could be attributable to the sewage sludge 
matrix is a major adsorptive medium for PTEs in 
sludge-treated soils [29].  
 
Table 2: Physical and chemical characteristics of both soils before 

receiving biosolids  
      CEC pH 
 Depth Clay Silt Sand OM (Cmolc (1:2.5; 
Horizon cm ---------------%--------------  kg−1) H2O) 
Typic argiudoll     
Ap 0-12 29.8 58.4 11.8 3.66 18.0 5.5 
Ad 12-22 30.6 57.5 11.9 3.14 15.8 5.7 
BA 22-40 40.2 49.9 9.9 1.74 18.2 5.9 
Bt1 40-73 62.6 29.5 7.9 1.08 36.6 5.9 
Bt2 73-122 50.5 40.0 9.5 0.86 23.5 6.5 
BC 122-160 42.6 47.8 9.6 0.30 26.8 6.8 
Typic hapludoll        
Ap 0-12 11.4 14.3 74.3 2.22 7.6 5.9 
A 12-24 8.3 15.0 76.7 1.92 7.8 5.6 
2Ab 24-48 11.3 13.3 75.4 1.48 7.5 5.8 
2ACb 48-72 10.4 12.1 77.5 0.74 6.2 6.3 
2C 72-102 7.8 8.6 83.6 0.28 5.3 6.4 
3Cx 102-124 14.5 9.0 76.5 0.42 6.5 6.4 
4C 124-166 11.4 7.8 80.8 0.24 6.5 6.7 
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Fig. 1: Average content of available and total PTE in top soils sampled of different situations related to biosolid 

application. Cadmium concentrations are multiplied times 10. Bars indicate the Standard error 
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 Table 3 shows the proportion of available PTEs in 
relation to the total PTEs content in both soils. There 
are two patterns: For Cu, Pb and Zn the proportion of 
available form increased during biosolid application but 
decreased after the biosolid application. For Cd the 
reverse is true. Those relative changes in metal 
availability coincide with changes in DTPA metal 
concentration (Fig. 1), Stacey et al.[30], emphasized that 
PTEs chemical forms can be changed by organic matter 
mineralization when biosolids are applied to soils . The 
changes in Cu, Pb and Zn Availability could be 
attributed to metal complexation with soluble carbon 
compounds from biosolids[31]. Conversely, according to 
Torri and Lavado[32], Cd behavior would be associated 
with its occurrence in less soluble forms. 

Variation in concentration of PTEs with soil depth 
after biosolid application: There were no statistical 
differences between sampling dates. Figure 2 and 3  
 
Table 3: Proportion of Available PTE related to total PTE in 

percentage terms 
Treatments Cd (%) Cu (%) Pb (%) Zn (%) 
Typic argiudoll     
Control 10.7 15.2 22.1 7.9 
B1 4.0 22.9 39.7 14.1 
B2 56.7 16.0 11.0 6.0 
Typic hapludoll     
Control 26.7 18.2 14.4 7.6 
B1 6.9 30.2 52.7 22.0 
B2 32.8 9.1 3.0 13.7 

 

 
 
Fig. 2: Total concentration of Cd, Cu, Pb and Zn on soil depth after biosolid application. * shows statistical 

differences between treatments (p<0.05) 
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Fig. 3: Available concentration of Cd, Cu, Pb and Zn on soil depth after biosolid application. * shows statistical 

differences between treatments (p<0.05) 
 
show the average results of both Total and Available 
PTEs in both soils. Total metal concentrations were in 
general higher in the Typic Argiudoll as compared with 
the Typic Hapludoll, but for available PTEs  the reverse 
was true. This is expected to happen as a larger 
proportion of metals would be adsorbed/precipitated 

with organic complexes and/or mineral colloids in the 
Typical Argiudoll due to higher organic and inorganic 
colloids content (Table 2).  
 Figure 2 shows the distribution of Total PTEs 
concentration in depth. Concentrations of metals in total 
form in superficial soil layers in both soils controls are 
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comparable with those of noncontaminated soils of the 
region[33]. However, metal concentrations showed large 
variations with depth, which were not clearly associated 
with clay content variations in depth, which is different 
to previously found results in the area by[33]. After 
biosolid application, an increase in Cd concentration 
was observed in some deep layers of the Typic 
Argiudoll. The other PTEs in this soil and all of them in 
the Typic Hapludoll did not show significant 
differences (p<0.05), although some tendencies to 
increase the concentrations can be observed.  
 Figure 3 shows Available PTEs distribution in both 
soils. Cadmium concentration was higher at the end of 
the biosolid application in all depths in the Typic 
Argiudoll although they were significantly different 
(p<0.05) from 2 m depth. The other 3 available PTEs of 
this soil and all of them in the Typic Hapludoll did not 
show significant differences (p<0.05). 
 

CONCLUSION 
 
 Total concentrations of PTEs in topsoils showing 
different clay and CEC content did not increase 
significantly due to biosolid application. The exception, 
for no apparent reason, was the significantly high Pb 
concentration in the Typic Hapludoll. DTPA 
extractable metals showed some concentration changes 
throughout the studied period. Total and Available 
PTEs did not show mobility with the depth of both 
soils. The exception was total Cd in the Typic 
Argiudoll, which concentration increased in depth in 
the biosolid treatment. With only those two exceptions, 
there is no PTEs accumulation in topsoils and there are 
no PTEs movements in soil depth. The first could be 
attributed to biosolid composition and dosage used in 
the region. The lack of movement in depth appears 
more related to the characteristics of the studied soils.  
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