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Mining activities, although they affect relatively small areas, have a great environmental impact as
they are an important source of trace metals. Mining sites have scarce vegetation and typical
Mediterranean climate events, such as intense rainfall, can transport metals and metalloids to lower
altitudes by runoff, what leads to the presence of zones with different contamination levels. The
accumulation of metals caused by these mining activities profoundly alters the structure, composition
and function of the soil microbial community. Several studies have reported that some groups of
microorganism tend to disappear after an intense mining activity, whereas other groups usually adapt
to these harsh conditions using metal resistance mechanisms (Epelde et al 2015; Cheng et al 2017;
Fernandez-Calviño et al 2011). The goal of this study was to evaluate the effect of soil contamination
on the structure, composition and function of the soil microbial community. in order to provide
information for future studies of bioremediation and phytoremediation of contaminated areas.

RESULTS AND DISCUSSION
Tghare physico-chemical characteristics of the evaluated soils are shown in Table 1, where the
highest concentration of As, copper (Cu) and iron (Fe) were observed in soil C. It should be noted
that the pH of the soil varied from 5.8-6.3, with soil C presenting the lowest pH. Regarding the
contents of sand and clay, we found that soil A, presented the highest proportion of sand when
compared to the rest of the soils.
Regarding the structural and functional variability of the microorganisms in the soils, we found
that the different degrees of contamination seem to influence the taxonomic composition of the
soils. Figure 2a, 2b, and 2c show the relative abundance of the main domains of microorganisms
(Bacteria, Eukaryota and Archaea) at the phylum level, whereas Figure 3a, 3b and 3c present the
most abundant genera. In the domain Bacteria, four phyla stood out: Proteobacteria,
Actinobacteria, Fermicutes and Bacteroidetes. Among them, five genera were especially
prominent, two belong to the phylum Actinobacteria (Steptomyces and Mycobacterium) and
three to the phylum Proteobacteria (Bradyrhizobium, Burkholderia and Pseudomona). Those
genera from Actinobacteria and Proteobacteria showed a different behavior among the soils
evaluated. All genus of Actinobacteria showed their highest relative abundance in soil A and the
abundance of these genera decreased as the levels of soil contamination increased. While, the
relative abundance of genera corresponding to the phylum Proteobacteria (with the exception of
the genus Pseudomonas), increase with the level of contamination. The genera Bradyrhizobium
and Burkholderia importantly increased their relative abundance as the degree of soil
contamination augmented. However, the genus Pseudomonas showed its greatest relative
abundance in soil unaffected by metal contamination (soil A). On the other hand, among the
domain Eukaryota only two fungal phyla dominated, Ascomycota and Basidiomycota. Genera
Aspergillus and Fusarium (from the Ascomycota phylum) were especially abundant. But,
whereas Aspergillus dominated in soils that were recently affected by contamination (soil B),
Fusarium prevailed in not contaminated soil A.
In order to study of the diversity of species in the different soils, we calculated the Shannon
index. This index gives information about the richness and diversity of microorganisms. The
Shannon index varied between 9.27-9.50, with the highest value being observed in soil A. Thus,
the soil not affected by the heavy metals and As displays the greatest diversity of species (fig.4)
The metagenomic analysis also gave us information about the functional genes related to the
metabolism of Fe, Cu and As. Table 2 presents a summary of the most abundant genes related to
the metabolism of these elements. The abundance of these genes did not show a clear pattern
of distribution in the soils analyzed, with the exception of the genes related to Fe metabolism.
Among these genes, acn, furA and dpsA showed their highest abundance in soil A. acn, whose
main function is to regulate the entry of Fe into the microorganisms to protect them from
toxicity by this metal, was the most abundant. As regards the abundance of genes related to As
metabolism, three genes have been reported (arsT, arsC and aioA/aoxB). ArsT, which plays an
important role in protecting cellular DNA against oxidative damage due to oxygen metabolism,
was especially abundant in soils A and B. In contrast, arsC and aioA/aoxB were very low
abundant abundant in soils B and C but undetected in soil A. It should be noted that these genes
are specifically involved in detoxifying arsenic, reducing the more toxic [As (V)] to less toxic forms
[As (III)]. asrC expands the substrate specificity of the ArsAB pump that can extract arsenite and
antimonite to allow pumping out these compounds. Likewise, the aioA/aoxB oxidizes As(III)O3-3
(arsenite) to the somewhat less toxic As(V)O4-3 (arsenate). Which, would explain that they were
only present in contaminated soils (B, and C). On the other hand, we observed that the genes
related to Cu metabolism were in general the most abundant when compared to the rest of the
functional genes. However, these genes showed diverse distribution patterns in the soils
evaluated. Six genes stood out (cop-unnamed, copF, actP, copA, cutO and the family mmcO).
Whereas the abundance of cop-unnamed, copF and cutO increased as the contamination rose,
the abundance of actP and copA decreased.
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Study area
This study was performed at a mining site (“Antigua Pilar”) located at Colmenarejo, in the northwest of
Madrid, where there is an abandoned copper mine (mainly chalcopyrite) exploited until 1909 (Chamorro et
al., 2014). This area is located at an altitude between 780 and 815 m a.s.l., has a mean temperature of 13.4
ºC and annual mean rainfall of 637 mm.
Soil sampling
In a previous study carried out in 2015, we collected 125 soil samples within the top 25 cm from several
points on the Colmenarejo mine site (fig.1). Results obtained from the analyses of these soil samples allowed
us to study the variability of metal concentrations and other soil properties across the mine site, as well as
the identification of areas with different levels of metal contamination. These areas were delimited as: an
upstream and vegetated area adjacent to the mine site (not affected area, A), a downstream area close to
the mining site (moderately contaminated area, B), and an area located on at the foot of the mine dumps
(highly contaminated area, C).
For the current study in the spring of 2018 we collected soil samples within the top 15 cm using a stainless
steel scoop from the three delimited areas. collected 15 subsamples, which were mixed to provide one
composite sample. Once back to the laboratory homogenized soil samples were separated into two portions.
One portion was air-dried and sieved to < 2 mm for physical and chemical analyses, and the other portion of
the field-moist samples was stored at -20 ºC for DNA extraction.
Physical and chemical analyses
Soil samples were analyzed for oxydizable organic carbon using a LOI method. Electrical conductivity and pH
were analyzed in deionized water extracts (1:2.5 w/v). Particle size distribution was determined using the
Bouyoucos hydrometer method. Total metal (Cd, Cu, Fe, Mn, Pb, Zn) and As concentrations were determined
by microwave-assisted acid digestion with aqua regia. The bioavailable fraction of metals was determined by
the first stage of the procedure recommended by the Bureau Community of Reference (BCR). Metals were
analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES).
DNA extraction and Sequence analysis
DNA was extracted in triplicate from each soil (1 g fresh weight per extraction) using the Ultra Clean Soil DNA
Isolation Kit (MoBio) according to the manufacturer’s instructions and further purified with the QIAquick PCR
Purification Kit (Qiagen).
Stranded library preparations were made for the DNA samples and then they were sequenced for 1x50
single-end reads with Illumina HiSeq 2500. The quality of the reads was assessed with FastQC. Reads were
trimmed where the average sequence quality drops below 20 within a sliding window of 5 bases using
Kneaddata v0.5.1. As well, short reads (< 40 bp) and those reads aligning to human and phiX174 genomes
(contaminants) were removed with Kneaddata. Functional analysis was performed comparing reads against a
metal-resistance genes database (BacMet) using Diamond v0.8.36.98, with e-value cut-off of 0.001 and
sequence identity > 80%.
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The taxonomic groups showed different behaviors in relation to the degrees of contamination of the soils. A clear
example was the abundance of genera of the group of Actinobacteria (Steptomyces and Mycobacterium) that
dominate in soils not affected by pollution. On the other hand, two genera (Bradyrhizobium and Burkholderia) of
the Proteobacteria group stood out, which have a direct relationship with the degrees of soil contamination. In
general, we can say that the identification of the organisms and the functional genes involved in detoxification will
allow the development of molecular tools, which could be complemented with bioremediation or
phytoremediation techniques

these chemicals being found in this irrigation water is its accumulation over time
especially in the agricultural soil. The concentrations in which these wastes are
accumulated cOmo is the case in the area of Agricultural In the "Attached" is unknown
until this moment. There are also no reports at the national level about the detection of
this type of waste drugs. In residual water or of the others as is the case of the basic
drugs with which we could compare the results that we report here.
Keywords: TOXIC ELIMINATION DRUG

Abstract number: D 3.2

TAXONOMIC AND FUNCTIONAL ANALYSIS OF A SOIL
CONTAMINATED WITH HEAVY METALS
Mariela Navas1, Javier Pérez-Esteban2, Chiquinquira Hontoria3, Ana Moliner1
1

Universidad Politécnica de Madrid, ETSIAAB - Producción Agraria, Unidad de
Edafología, Spain
2
Universidad Nacional de Educación A Distancia (UNED) - Química Orgánica y BioOrgánica, Spain
3
Universidad Politécnica de Madrid, ETSIAAB - Producción Agraria, Unidad de
Edafología, Spain
Accumulation of heavy metals caused by mining activities profoundly alters soil
microbial communities. Whereas metal toxicity eradicates some groups of
microorganisms others adapt to these conditions using metal resistance mechanisms.
Thus these microorganisms can be used in bioremediation. We aim to investigate the
effect of high metal (Cu As) concentrations on the microbial communities of
contaminated soils. A whole-metagenomic sequencing approach was used to
investigate the functional potential and structural diversity of the soil microbial
communities along a metal contamination gradient in soil samples collected from an
abandoned copper mine located near Madrid. Results showed that differences in soil
metal concentrations considerably affected the composition of Bacteria Fungi and
Archaea domains. Actinobacteria and Proteobacteria were the most predominant
bacterial phyla. Abundance of Proteobacteria (especially Alphaproteobacteria)
increased in highly contaminated areas whereas Actinobacteria dominated in the noncontaminated area. Regarding Fungi Ascomycete and Basidiomycete were the main
phyla detected. Abundance of Basidiomycete did not exhibit differences among areas
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whereas Ascomycete (Eurotiomycetes) increased in areas with moderate metal
concentrations. The most predominant phylum of Archaea was Eurychaeota
(Halobacteria) with higher abundance at intermediate contamination levels. Shannon
index revealed a greater alpha diversity in the non-contaminated area decreasing with
higher levels of contamination. Interestingly a functional analysis showed that the
abundance of genes involved in Cu metabolism was directly proportional to its
concentration along the gradient. However, genes related to As metabolism did not
follow a clear trend. In summary structure composition and function of soil microbial
communities were significantly affected by metal concentrations, which acted as
relevant selective factors for the adaptation of some taxonomic groups
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The impact of the simultaneous application of pesticides and organic amendments on
soil microbial communities under field conditions has been scarcely studied. The
objective of this work was to evaluate the effect of the join application of two different
organic amendments (spent mushroom substrate-SMS and green compost-GC) and
three herbicides (chlorotoluron flufenacet and diflufenican) on the soil microbial
abundance activity and structure under field conditions. The herbicides were applied
as commercial formulations in unamended SMS- and GC-amended soils (Soil
Soil+SMS and Soil+GC respectively). Unamended and amended soil samples were
taken from the 0–10 cm topsoil of experimental plots (three replicates/treatment). Soil
dehydrogenase activity (DHA) and soil microbial biomass and structure determined by
the profile of phospholipid fatty acids (PLFA) were monitored at 0 45 145 229 and 339
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