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Abstract 
The accumulation of trace elements in agricultural soils may have long-term implications for quality 
of crops. Pig slurry is known as a major source of copper or zinc, because these elements are 
supplemented in pig feed. But the inputs in arsenic, cadmium or lead are not well quantified. The aims 
of our study were to quantify the trace elements inputs by pig slurry spreading, to compare them to 
other sources and to estimate the balances. This analysis was performed on 24 fields located in the 
South-West of France. Copper and zinc fluxes from pig slurry corresponded to 90 % of the total input 
fluxes. Soils accumulated these elements with an annual increase of the metal stock equal to 0.5 % for 
copper and 0.3 % for zinc. For cadmium, the major source was the phosphate fertilizers (60 % of the 
total inputs). Accumulation of As and Cd in soils was low (2,6 g/year/ha and 1,2 g/year/ha 
respectively). The major contamination source for lead was the atmospheric inputs. 
 
Introduction 
Inorganic fertilizers lime and manure or sludge are potential sources of trace elements [1, 2]. It is well 
known that the pig manure is an important source of copper or zinc, because these trace elements are 
added to pig feed. More than 40% of the total copper or zinc inputs could be due to livestock manure 
[3]. But the inputs of arsenic, cadmium or lead are not well quantified in pig manure.  
Soils accumulate trace element and this accumulation in agricultural soils can have long-term 
consequences on the quality of crops [4]. In a context of limitation of trace elements contents in feed 
and food, it is essential to correctly quantify the inputs and the balance of trace elements at the field 
scale.  
The aim of our study was (1) to quantify the inputs of trace elements by the application of pig slurry, 
(2) to compare them to other sources of trace elements (fertilization, atmospheric inputs) and (3) to 
estimate the input-output balances. 
 
Materials and Methods 
Sampling 
In the southwest of France, 24 fields were sampled: 13 sunflower fields including 7 with spreading pig 
slurry, 11 corn fields including 10 with regular application of pig slurry. Surface horizons of soil (0-30 
cm), pig manures and crops were collected and analyzed for trace elements contents. 
 
Analytical methods 
After sampling, soil samples were dried at 50°C and 2 mm sieved. Soil chemical analyses were carried 
out by a soil testing laboratory (Laboratoire d'Analyses des Sols, INRA Arras, France) according to 
standardized French procedures Before analysis of total major and trace elements, soil samples were 
digested by HF, HClO4, and HCl. Pig manures were freeze-dried and digested at 90°C using Digiprep 
system.  
Maize and sunflower samples were dried at 50°C and dissolved in 70% HNO3 (7 mL) and H2O2 (1ml) 
heated in a microwave oven. The concentrations in the digests of soils, pig manure or plants were 
determined by ICP-AES for copper and zinc and by ICP-MS for arsenic, cadmium and lead at the 
LCABIE laboratory. The validity and accuracy of digestion of samples were checked by using 
controls and certified references. 
 
Balance calculation 
Inputs due to manure application were calculated using these data and information provided by 
farmers. An investigation allowed to identify and to quantify the contributions of other sources of trace 



elements in the field. The atmospheric inputs were estimated using Ademe data (Sogreah, 2007).  The 
inputs by fertilizers were  calculated from an estimation of the mean annual volume provided by the 
farmers and Ademe date (Spgreah, 2007). 
The outputs are maize grains or sunflower seeds exportations. The lixiviation fluxes were neglected, 
accorded to the AROMIS results. 
 
Results and discussion 
Trace elements concentrations 
Table 1 : Trace elements concentrations in soils, pig slurry, maize and sunflower  

 Number of 
samples 

Median concentration in mg/kg of dry matter (minimum-maximum) 
 Cd Pb As Cu Zn 

Soil 24 
0,24 

(0,09-0,75) 
21,9 

(8,99-60,0) 
11,6 

(0,69-36,9) 
16,6 

(6,5-80,2) 
67,8 

(13,4-127,7) 

Pig slurry 17 
0,33 

(0,17-0,42) 
1,13 

(0,53-2,06) 
1,32 

(0,76-2,08) 
355 

(172-502) 
969 

(623-1926) 
Maize 
seeds 

11 
0,013 

(0,009-0,026) 
0,070 

(0,036-0,41) 
0,007 

(0,004-0,014) 
1,2 

(1,1-2,2) 
21,1 

(9,4-24,6) 
Sunflower 

seeds 
13 

0,245 
(0,051-0,385) 

0,267 
(0,045-2,996) 

0,005 
(0,002-0,012) 

18,2 
(9-21,2) 

47,8 
(29,6-60,2) 

 
As seen in table 1, the studied soils show no obvious anomalies and correspond to a diffuse 
contamination of Cu, Zn, Pb, Cd and As. The contents follow this order: Zn>Cu>Pb>Cd>>As. There 
was no significant difference with the results of RMQS, French soil quality monitoring network 
(Jolivet, 2006) on agricultural soils in the same region. In pig slurries, the median concentrations of 
copper are 355 mg/kg DM and 969 mg zinc/kg DM, which in the case of copper is higher than the 
values of the European study AROMIS (AROMIS, 2005), 237 mg Cu/kg DM and 926 mg Zn/kg 
DM.Oon the other hand, the median concentrations of cadmium and lead in pig slurry (0.331 and 1.13 
mg / kg DM) were lower than those of the European study (0.5 mg Cd/kg and 3.6 mg Pb/kg DM). We 
found 1.32 mg/kg DM of median arsenic content in pig slurry in our survey, which is the same as the 
few values available in the literature. Finally, in plants, the concentrations of cadmium, copper, lead 
and zinc are much higher in the sunflower seeds than in maize. Trace elements contents measured in 
all fields were clearly below regulatory thresholds for animal feed (regulatory thresholds: 2 mg/kg for 
As, 1 mg/kg for Cd, 10 mg/kg for Pb). 
 
Trace elements in agricultural soils 
The copper contents in soils were mainly explained by the historical land use. Some fields were 
vineyards in the past. As copper is used as a fungicide of the vine, it has accumulated in these soils. 
This past land use had a greater effect than the spreading of pig slurry. But on soils that have only 
been cultivated in cereals or oilseeds, the copper content of soils was explained by the volume of 
manure applied to soils. For other trace elements, concentrations in soil were systematically related to 
concentrations of Fe or Mn. These elements coming from the pedogeochemical background, we 
thought that As, Cd, Pb and Zn came from the parent rock material rather than a source of accurate 
contamination. 
 
Trace elements in maize and sunflower 
The concentrations of trace elements in maize were not related to a parameter of soil or to an indicator 
of bioavailability. For sunflower, we highlighted a trend depending on the pH of the soil and manure 
use: As, Cu and Cd concentrations in sunflower seeds were higher in acidic soils not receiving 
manure. But it was the opposite for Pb. 
 
Quantification of trace elements inputs and input-output balances 
In sunflower fields, applying pig slurry increased Cu and Zn inputs, while it allowed lower inputs of 
Cd (figure 1). We found that inputs of copper and zinc from pig manure accounted for more than 90% 
of the total inputs to soils (figure 2). The copper and zinc balance was positive and the soil 
accumulated these elements with an annual increase of metal stock equal to 0.5% for copper and 0.3% 
for zinc. For cadmium, the main source was the phosphate fertilizer (60% of total inputs). As and Cd 



accumulation in soils was low (2.6 g/year/ha and 1.2 g/year/ha respectively on both crops together). 
Important source of contamination for lead was atmospheric inputs.  
 
Conclusion and perspectives 
As, Cd and Pb concentrations are low in pig slurry. The accumulation of trace elements in agricultural 
soils is low, except for copper in the case of a massive use of manure. The past use of soil as vineyards 
implied an increase of the concentration of copper in soil. But the effects on crops are not clear, 
probably due to the presence of different varieties of maize and sunflower between fields, which could 
hide soil variability. 
 
References 
[1] AROMIS, 2005. Assessment and reduction of heavy metal input into agr-ecosystems. Kuratorium 
für Tecnik und Bauwesen in der Landwirtshaft (KTBL), 232 pp. 
 [2] Nicholson F A, Smith S R, Alloway B J, Carlton-Smith C, Chambers B J, 2003. An inventory of 
heavy metals inputs to agricultural soils in England and Wales. Science of the Total Environment ; 
311: 205-219. 
[3] Adriano, 2001. Trace Elements in Terrestrial Environments : Biogeochemistry, Bioavailability, 
and risks of Metals Springer-Verlag, New York USA. 
[4] Feix I and Tremel-Schaub A, 2005. Contamination des sols-Transferts des sols vers les plantes. 
ADEME, EDP Sciences. 414 p. 
[5] Jolivet C, Boulonne L, Ratié C, 2006. Manuel du Réseau de Mesures de la Qualité des Sols. INRA 
Infosol Orléans. 
[6] Sogreah, 2007, Bilan des flux de contaminants entrant sur les sols agricoles de France 
métropolitaine - Bilan qualitatif de la contamination par les éléments tracés métalliques et les 
composés tracés organiques et application quantitative pour les éléments traces métalliques, Rapport 
final, Ademe. 
 
 
Acknowledgments 
The authors thank the ADEME Agency and the French Ministry of Agriculture (Compte d’Affectation 
Spéciale “Développement Agricole et Rural”) for their financial supports. 
 
 

  
Figure 1: Trace elements inputs on soils from organic and mineral fertilizers in sunflower fields 

(vertical bar: standard deviation) 
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Figure 2: Trace elements flow diagram in studied fields [(min) median (max)] 

Sunflower fields
Inputs Outputs

Soil (kg/ha)

Cu
(40,6)   73,4 (305,8)

Zn
(143,7)  280,4 (519,5)

As
(27,39) 52,55 (112,27)

Pb
(51,5) 101,7 (249,8)

Cd
(0,45) 1,12 (3,27)

Trace elements stock 
in soil (0-30cm)

Pig slurry 
(g/ha/an)

Cu
(0) 78 (681)

Zn
(0)    173 (2483)

Pb
(0)    0,34 (5,13)

Cd
(0)    0,06 (0,67)

As
(0) 0,26 (4,49)

input by spreading

Atmospheric inputs 
(g/ha/an)

Cu
7
Zn
50
Pb
0,5
Cd

0,25
As
0,5

Sunflower seeds 
(g/ha/an)

Cu
(18)   38,6 (47,4)

Zn
(59,1)   114,2 (143,3)

As
(0)  0,01 (0,03)

Pb
(0,1)   1,03 (8,19)

Cd
(0,14)   0,48 (0,78)

harvested seeds
(2,4 t/ha)

Mineral fertilizers 
(g/ha/an)

Cu
(0,7) 3,4 (10,3)

Zn
(1,2)    24,5 (60,3)

Pb
(0,17)    0,45 (0,66)

Cd
(0,03)    1,32 (2,57)

As
(0,07) 1,16 (2,35)

input by spreading

-

Maize fields

Inputs Outputs

Soil (kg/ha)

Cu
(29,9)   73,4 (334,5)

Zn
(57,7)  281,3 (481)

As
(2,99) 46,84 (152,66)

Pb
(41,4) 91,1 (139,1)

Cd
(0,43) 0,80 (1,76)

Trace elements stock 
in soil (0-30cm)

Pig slurry 
(g/ha/an)

Cu
(0) 356 (1116)

Zn
(0)    1123 (2838)

Pb
(0)    1,1 (5,9)

Cd
(0)    0,42 (0,77)

As
(0) 1,63 (5,13)

input by spreading

Atmospheric inputs 
(g/ha/an)

Cu
7

Zn
50
Pb
0,5
Cd

0,25
As
0,5

Maize seeds 
(g/ha/an)

Cu
(9,4)   15,3 (17,3)

Zn
(75,2)   215,2 (268)

As
(0,03)  0,07 (0,11)

Pb
(0,29)   0,72 (4,14)

Cd
(0,07)   0,14 (0,33)

harvested seeds
(10,5 t/ha) Mineral fertilizers 

(g/ha/an)
Cu

(1,01) 8,64 (13,89)

Zn
(7,49)    22,11 (97,53)

Pb
(0,15)    0,33 (1,87)

Cd
(0,37)    0,88 (5,14)

As
(0,34) 1,59 (5,22)

input by spreading

-


