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ABSTRACT

The contamination of soils by hydrocarbons is a serious environmental problem both due to the persistence of this
pollution and by its effects on even the most pristine areas of the planet. Hydrocarbon decontamination techniques
entail a high cost, imply in many cases their off-site treatment, and entail environmental risks. In contrast, the use of
microbiological techniques through the addition of microbial consortia with the capacity to degrade these contaminants,
are alternatives for soil biorecovery that are gathering growing interest in the construction of biopiles or ecopiles.
However, for an effective application of these biotechnological techniques, it is necessary to guarantee an effectiveness
in the action of these microbial consortia, whose persistence in soil is generally low. In this work, the stabilization of a
microbial consortium specialized in the degradation of hydrocarbons and isolated from the own soil, has been studied
through its immobilization on two classes biochars obtained form apricot stones at pyrolysis temperatures of 450° and
650°C, respectively, as well as the increase of its efficiency rate through the addition of rhamnolipids. The introduced
microbial consortium achieved a degradation of 17% of the highest molecular weight hydrocarbons, an efficiency that
was increased with the application of biochar and rhamnolipids up to 25% of their initial content.
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RESUMEN

La contaminacion de suelos por hidrocarburos es un grave problema ambiental, tanto por su persistencia como por
su afeccion hasta las zonas mas pristinas del planeta. Las técnicas de descontaminaciéon de hidrocarburos suponen
un elevado coste, implican en muchos de los casos su tratamiento exsitu y conllevan también riesgos ambientales. En
contraposicion, el empleo de técnicas microbiolégicas mediante la adicién de consorcios microbianos con capacidad
para degradar estos contaminantes, son alternativas de biorrecuperacion de suelos, que mediante la construccion de
biopilas o ecopilas estan reuniendo un creciente interés. Sin embargo, para una eficaz aplicacion de estas técnicas
biotecnoldgicas, es necesario garantizar una efectividad en la accion de estos consorcios microbianos, cuya persistencia
en el suelo es generalmente baja. En este trabajo se ha buscado la estabilizacién de un consorcio microbiano
especializado en la degradacién de hidrocarburos y aislado del propio suelo contaminado, mediante su inmovilizacién
sobre dos tipos de biochars obtenidos a partir de huesos de albaricoque con temperaturas de pirélisis de 450° y 650°C,
respectivamente, asi como el incremento de su eficacia mediante la adicién de ramnolipidos. El consorcio microbiano
introducido consiguié una tasa de degradacion del 17% de los hidrocarburos de mayor peso molecular, eficiencia que
se incrementd con la aplicacion de biochar o ramnolipidos hasta el 25% de su contenido inicial.

Palabras clave: hidrocarburos del petrdleo, biocarbdn, biorremediacion, suelos contaminados, ramnolipidos.
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INTRODUCTION

Hydrocarbon polluted soils are a widely extended
contamination due to the intense use of petroleum
derived products, petrochemical industries, and
worldwide crude oil transportation, affecting even
pristine areas of our planet. Thermal desorption
and volatilization have been the most common
treatments for heavily hydrocarbon polluted soils,
but they are expensive and not exempt of environ-
mental and health risks (Al Mutairi et al., 2008).

The application of bioremediation techniques for
oil contaminated soils has been recognized as a
cost-effective, very promising, and sustainable
clean-up technologies (Wu et al., 2016). However,
the drawback of these technologies is the short vi-
ability in soil of introduced microbial consortia,
whose persistence in the soil is generally low. Mi-
crobial immobilization onto porous carriers could
enhance their survival by means of biofilm forma-
tion in the inner spaces of the support. Biochar has
been widely reported as a potential immobiliza-
tion matrix, with the merits of high carbon content,
cation exchange capacity (CEC), porosity, stability,
and abundant surface functional group. In this
way, biochars are used for water and soil remedia-
tion (Wu et al., 2022).

The aim of this work was to test the effectiveness
of two biochar additions and the use of rhamno-
lipids to increase the degradation of recalcitrant
hydrocarbons presents in an oil polluted soil.

MATERIAL AND METHODS

A soil polluted with heavy fractions of hydro-
carbons and trace elements was collected from a
machinery park. The soil has a sandy loam tex-
ture (11.8% clay, 29.8% silt, 58.3% sand), bulk den-
sity 1.51 kg L, highest water retention capacity
(HWRC) 25.33%, pH (1:5; w:V) 7.1, Electrical con-
ductivity (1:5; w:V) 0.839 dS m?, Loss on Ignition
3.85 %, Organic Carbon 2.59%, Total N 0.02%, lime
content 35.08%. Total trace elements concentrations
(mg kg') were: As 77.3; Cd 7.8; Cr 14.9; Cu 8.5; Ni 9.9;
Pb 339.2; Zn 680.5. Total petroleum hydrocarbons
(TPHs) concentration is 4,272 mg kg.
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Two biochar, produced from apricot stones pyro-
lyzed at 450°C (BH1) and 650°C (BH2), were used
as microbial carriers at a rate of 5% (v/v); com-
mercial rhamnolipids (RML, Sigma Aldrich) at
1% (w/v) were also assayed to increase hydrocar-
bon mobility. A microbial consortium previously
isolated from this soil was grown in a minimal
medium using diesel (1% v/v) as a sole C source.
A concentrated suspension of this consortium in
modified Bushnell Haas Broth (mBHB) was immo-
bilized onto both biochars or rhamnolipids and
mixed with the soil to reach a final volume corre-
sponding to 40% HWRC.

Eight incubation treatments were prepared in 200
g soil microcosms (Table 1) for a 90-days incuba-
tion at 22°C, with periodic control of aeration and
humidity. A second consortia inoculation (day
431d) was performed increasing soil humidity to
50% of HWRC by adding the calculated amount
of mBHB solution with inoculum or Milli-Q wa-
ter. The nutrient solution (mBHB) had the follow-
ing composition (g kg dried soil): NH,NO, 3.543;
K,HPO, 0.306; KH,PO, 0.306; MgSO, 0.051; CaCl,
0.006; FeCl, 0.015 (added separately). Microcosms
were destructively sampled at 2, 15, 30, 45, 60 and
90 days.

Analysis of extractable petroleum hydrocarbons
(EPH), basal respirometry, and the chemical prop-
erties were performed according to standard an-
alytical methods. One-way ANOVA and LSD
post-hoc test were applied to seek for differences
between treatments.

Table 1 - Incubation treatments

Samples Treatment

4CT Soil + water

BH1 Soil + BH1 + water

BH2 Soil + BH2 + water

RML Soil + rhamnolipids + water

BAA4CT Soil + consortium + mBHB

BABHI1 Soil + immobilized consortium-BH1 + mBHB
BABH2  Soil + immobilized consortium-BH2 + mBHB
BARML Soil + consortium + RML + mBHB




RESULTS AND DISCUSSION

Different mechanisms are involved in the remedi-
ation of hydrocarbon polluted soils: volatization of
the lighter molecular weight fractions, degradation
by autochthonous microorganisms, or immobiliza-
tion by humic substances or clays. This polluted
soil was stored for a period higher than two years
and the most volatile and degradable of EPHs had
disappeared by natural attenuation before to star
our bioremediation process. Initial characteriza-
tion of EPHs showed that 82% of these compounds
corresponded to long-chain hydrocarbons, with a
molecular weight in the range C22-35, which sup-
poses an important challenge for their biodegra-
dation, due to their low mobility and availability.

Results obtained after 90-days of incubation under
optimal conditions of humidity and temperature
(Figure 1), showed the high recalcitrancy of these
EPHs to microbial degradation, in which only the
introduction of biochar, mainly with BH2, slight-
ly reduced (around 10%) the total content of EPHs.
On the contrary, bioaugmentation treatments dis-
played a higher hydrocarbon degradation capaci-
ty by the action of the added microbial consorti-
um alone (BA4CT, 23%) or after immobilization
onto biochars (BABH1 and 2) or with the addition
of rhamnolipids as biosurfactants (BARML), all
of them with yields close to 30% of initial EPHs’
concentration.

The characteristics of the soil, with a scarce pres-
ence of soluble or available nutrients such as N and
P, supposed an important constrain to soil biolog-
ical activity.
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Figure 1 - EPHs’ values of the different treatments after 90
days of incubation.

The addition of mBHB medium in the suspended
consortium supposed an important increase in ex-
tractable nitrogen (Figure 2a) or available P (Figure
2b), exceeding the nutrient demand of the added
consortium.
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Figure 2 - Evolution of extractable total N (a) and available
P (b) concentrations in the different treatments
during 90 days of incubation.

Bioremediation of hydrocarbon polluted soils
could be efficiently achieved through bioaugmen-
tation, which involves the soil inoculation and
enrichment with a specific consortium of micro-
organisms with high degradation capability (Yu et
al., 2005).

In this work, the microbial consortium was pre-
viously isolated from this polluted soil and its
microbiome was dominated by bacterial species
of genus Pseudomonas, Achromobacter, Cupriavi-
dus, Comamonadaceae and Sphingomonadace-
ae. Metagenomic data identified genes encoding
enzymes implicated in the initial oxidation of
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alkanes: Alkane l-monooxygenase (AlkB), long-
chain alkane monooxygenase (LadA), cytochrome
P450 alkane hydrolase (CYP153 family) and a va-
riety of hydroxylating and ring-cleavage dioxy-
genases, involved in aromatic and polyaromatic
hydrocarbon degradation that assured an efficient
degradation of complex mixtures (Garrido-Sanz et
al., 2019).

Our results clearly showed the viability of this con-
sortium as demonstrated by the enhanced basal
respiration of the soil mixture after microbial addi-
tion (Figure 3). However, this increased microbial
activity was not enough to degrade high molecular
weight aliphatic and aromatic hydrocarbons. The
reduced bioaccesibility of these compounds to the
added microorganisms, is a key limiting factor in
the bioremediation of an aged and polluted soil.

—@— 4CT —4—BH1 —&—BH2 % RML = O = BA4CT — ¢ = BABH1 — 4 — BABH2 - O — BARML
35

od ]

~
@

BSR (mg CO,-C kg DM)

10 20 30 40 50 60 70 80 90 100
Time (Days)

Figure 3 - Evolution of basal soil respiration (BSR) in the
different treatments during 90 days of incubation.
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Under these conditions, the immobilization of the
inoculum does not represent a clear advantage to
increase the degradative pathways of hydrocar-
bons in this soil, such it occurs in liquid media
amended with diesel. Also, a possible negative ef-
fect of biochar is perceptible in the form of inhib-
ited respiration at the beginning of the incubation,
mainly with the immobization in BH1, the biochar
obtained at lower temperature, that usually drives
to more functional and reactive surfaces, instead
of most carbonaceous matrix that characterizes the
products obtained at high pyrolysis temperatures.

CONCLUSIONS

- The introduction of an immobilized microbial
consortium increased the biological activity in
the soil, but only a limited bioaccessibility im-
provement to the targeted contaminants was
achieved.

- Current research must be focused on the use
of chemicals such as oxidants or stronger sur-
factants, that improve the mobility of heavy frac-
tions of hydrocarbons.
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