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Heavy metals or Trace Elements is a term that applies to the group of 
metals and metalloids with atomic density > 5 g cm−3 (Alloway, 2010)

Definition

Most are toxic to humans, even at low concentrations 

s-group

p-group

d-group

f-group

Metallic character



 Essential Trace Elements, such as B, Cu, Fe, Mo, Ni, and Zn, which 
are necessary for plant growth, but become toxic to animals and plants 
when their concentrations exceed certain threshold levels

Two main groups:

 Non-Essential Trace Elements, such as As, Cd, Hg, and Pb, which are 
not essential for plants or animals

International Fertiliser Industry Association



De Vries et al. (2007) Reviews of Environmental Contamination and Toxicology 191, 47–89
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• Weathering of soil minerals
• Land application of treated wastewater
• Sewage sludge and fertilizers
• Industrial activities 

Sources of heavy metals in soils
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Shi et al. (2018) Ecotoxicology and Environmental Safety 164, 118-
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Critical Concentration(CBR)

Chemical assay
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Chemical assays / Bioassays: 

Zone A: the contaminant is detected, no detectable effect
Zone B: concentration-response curves, useful surrogate test
Zone C: assays become nonlinear, correlation is lost. 

Alexander et al. (2003) In Contaminated soils: From soil chemical interaction to ecosystem management. SETAC



Chemical assays: 



Standardized bioassays: 
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Belon et al. (2012) Science of The Total Environment 439, 87-95

Sources of heavy metals in French agricultural soils



Villafruela
(Burgos) 

N: 41º56’32’’
W:  3º51’13’’

Agronomic use of compost of organic wastes



• Latin square design adapted

• Treatments: control, inorganic, three doses of compost of sewage sludge (CSS)

• Five replicates per treatment

• Plots: 12x48 m divided for annually (SLL) or 

biannually (SL) CSS application

• 8 years of experiences

• Other soils from dryland or irrigated fields

• Other organic wastes: compost of municipal wastes, manure, dewatered pig slurry, 
injected pig slurry

Experimental design



Chemical Parameters
Samples

Soil CSS
pH (1:2.5 agua)  8.31 ± 0.07    7.50 ± 0.05
EC (1:5 agua 25ºC dS m-1)  0.270 ± 0.024    1.420 ± 0.037
OM (% DM)  2.34 ± 0.13  26.51 ± 0.22
TN (% DM)   0.26 ± 0.02    1.77 ± 0.05
C.E.C. (meq/100g) 26.18 ± 2.08     ---
Lime (% DM) 18.65 ± 4.66     ---
N-NH4

+ (% DM)     0.03 ± 0.001     0.32 ± 0.06
P Olsen (mg kg-1 DM) / Total (% DM)   58.76 ± 12.32     2.51 ± 0.74
K+ exchan (mg kg-1 DM) / T (% DM)   421.7 ± 78.76     0.40 ± 0.07
Ca+2 exchan (mg kg-1 DM) / T (% DM) 4783.3 ± 167.3   11.29 ± 0.89
Mg+2 exchan (mg kg-1 DM) / T (% DM)   83.15 ± 12.50     0.78 ± 0.12
Na+ exchan (mg kg-1 DM) / T (% DM)   3.68 ± 0.80     0.14 ± 0.04
Fe (mg kg-1 DM) 21916.2 ± 2219.0 12196.6 ± 769.4
Mn (mg kg-1 DM) 591.0 ± 41.5     288.3 ± 12.82
Cd (mg kg-1 DM)   1.45 ± 0.11     4.60 ± 0.39
Cr (mg kg-1 DM) 41.85 ± 3.92   716.2 ± 26.2
Cu (mg kg-1 DM) 12.51 ± 1,62 217.2 ± 7.8
Ni (mg kg-1 DM) 25.26 ± 2.98   45.70 ± 3.61
Pb (mg kg-1 DM) 27.81 ± 1.85   62.20 ± 8.36
Zn (mg kg-1 DM) 47.78 ± 4.49   507.4 ± 45.9

Soil and CSS-compost characteristics



.

• Limit values of Heavy Metals in sewage sludges

• Limit values of heavy metals in soils

• Limit values for amounts of Heavy Metals 
which may be added annually (average of 
10-years)

Council Directive 86/278/EEC of 12 June 1986 on the protection of the 
environment, and in particular of the soil, when sewage sludge is used in 

agriculture (RD 1310/1990, 29 October)

Legal limits in Spain and UE for sewage sludge



• Organic N: 80% of Total N

• Humidity: maximum 14%

• Granulometry: 90% with Ø<10 mm 

• Microorganisms:

‒ Salmonella, absent in 25 g

‒ Escherichia coli, <103 CFU/g

Class C, limited amount < 5 t/ha.año

• Heavy metals:

Real Decreto 506/2013, de 28 de junio, sobre productos fertilizantes

Legal limits in Spain for compost







• Without clear effect in 
SOM

• High accumulation of 
available P in soil



Accumulative effect of heavy metals in soils



• Seed• Above ground

Heavy metals in sunflower
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Raw Data

Knowledge Discovery in Databases, KDD 

Selection

Target
Data

Pre-processed
Data

Pre-processing

Transformed
Data
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Data Mining

Knowledge

Interpretation
Evaluation

Supervised algorithms that predict unknown data from other known data 
called training set.



Models used in Data Mining

Supervised
Predictive

Non Supervised
Descriptive

Classification Regression Grouping Association

Neural Networks X X X

Decision Trees X X X X

Linear and Log Regression X

Logistic Regression X X



Decision trees
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• Supervised models which can be used both for classification and regression
• Decision trees recursively split a dataset in two or more subsets until a stop criterion is 

reached (homogeneity)
• During training, labeled instances (cases) are used in the construction of the tree. These 

instances are divided according to the value of some attribute using a criterion of uniformity
• The algorithm REPTree uses information gain as splitting criterion when building 

classification trees, and variance gain for regression trees.



4 LEVELS 8 LEVELS

Complexity of the tree

Pruning criteria



Cross-validation

• The models are validated and the correlation is computed using 10-fold cross validation
• The initial dataset is divided into 10 sub-sets: 9 sub-sets are used to train the model, 

leaving the tenth to calculate the error of the sample
• This process is repeated 10 times, using each of the available sub-sets. 
• Correlation coefficient was calculated as the arithmetical mean of the 10 correlation 

coefficient that were obtained from the partial samples



Pérez-Alonso (2017) Sustainable Production and Consumption 12, 119-133

Crop production Soil Organic Matter

Corr.Coef 0.8004



Cr soil

Corr.Coef 0.8395



Cd Soil

Cd Grain

Corr.Coef 0.9243

Corr.Coef 0.7969



Model validation

• Three experimental plots with similar crop rotation: cereal, sunflower, 
legumes

• Similar soil: Calcaric cambisoil
• Compost of Sewage Sludge CSS, same dosis
• Bi-yearly addition
• Properties = 52
• N = 1350
• 10-fold cross validation

 Training set

• Subplots of one experience
• Yearly addition
• Properties = 52
• N = 225
• 10-fold cross validation

 Validation set



Good prediction for Heavy Metals

Lack of prediction for other soil parameters
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Nutrient recovery from efluents: sewage sludges, animal slurries

• Ammonia stripping: 
NH4

+ + OH- → NH4OH 
→ H2O + NH3↑

2 NH3 + H2SO4 → 
(NH4)2SO4↓

Polypropilene hollow fibers. Porosity 40%, OD/ID 300/220 µm

Ashrafizadeh and Khorasani (2010) Chemical Engineering Journal 162 , 242–249



Nutrient recovery from efluents: sewage sludges, animal slurries

• Struvite precipitation: Mg+2 + NH4
+ + PO4

3- → MgNH4PO3↓

LIFE PHORWater



Combined processes: demetalization-nutrient recovery



mg kg-1 STPl STLb ASPl
P 85762,10± 1892,87 93132,18± 1401,85 nd± nd
K 108,40± nd 2154,21± 145,54 21997,13± 992,34
S 1529,57± 36,59 1544,14± 2,16 19703,13± 369,09

Ca 13065,85± 320,59 11275,14± 321,67 822,92± 143,40
Mg 30268,06± 493,05 30544,70± 46,12 95,33± 22,36
Na 4423,99± 211,69 8225,17± 694,75 15088,94± 970,34

mg kg-1 STP STLb ASPl
Al 1626,84± 17,34 808,72± 18,24 nd± nd
Fe 3036,05± 73,16 2201,13± 34,46 4568,24± 78,92
Cd 3,78± nd 0,62± 0,18 1,36± 0,53
Co 3,03± 0,88 0,62± 0,18 11,04± 0,17
Cr 9,59± 1,13 4,97± 0,01 nd± nd
Cu 29,99± 1,19 72,37± 4,31 24,81± 2,79
Mn 46,60± 1,76 33,78± 3,38 324,41± 3,28
Ni nd± nd nd± nd nd± nd
Pb nd± nd nd± nd nd± nd
Zn 128,28± 11,10 50,49± 2,16 nd± nd

STPl, Struvite from pilot plant; STLb, Struvite from laboratory; ASPl, Ammonium sulfate from plant

Properties of recovered products 

Proyecto CIEN “3R2020:DEL RESIDUO AL RECURSO MEDIANTE EL RECICLAJE” 



Treatment plant of Municipal Wastes, Aranda de Duero (Burgos)

García-López et al. (2014) Journal of Environmental Science and Health, Part A 49, 1520-
1530
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Current procedure: recycling leachates in compost fermentation



Fermentation 
Sheed

Composting 
Tunnels
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Chemical treatment
Sedimentation
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Alternative procedure: treating leachates for compost fermentation



• 100% P2 without decanting
• mixture of 75% P2 and 25% P3 leachates without settling
• mixture at 50% of P2 and P3 leachates without settling
• 100% leachate P1 and decantation
• mixture at 50% of P1 and P3 with decantation

Mixtures

Biological treatment

Ultrafiltration



¡Gracias por su atención!

Thanks you for your attention!
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