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Abstract

Results are presented concerning the recovery of  an oil sludge model from the contamination by means of
a complex microbiological and physicochemical method. It is demonstrated that washing with a detergent
composition results in a 55�75 %  decrease of  soil contamination level. The subsequent biodestruction by
native microflora further reduces the contamination by 20�30 %  per month. In the case of  the mechanical
part of the sludge, the microflora is worthwhile for stimulation by nitrogen and phosphorus containing min-
eral substrates, whereas in the case of spent water the mineral nutrition can be provided by the components
of the composition. Changing the structural and group as well as the individual composition of hydrocarbons
in the spent water corresponds to the initial stage of biodestruction, whereas that in the washed soil corre-
sponds to the middle stage thereof, which indicates a low activity of the indigenous microflora.
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INTRODUCTION

At the present time, of extreme urgency is
the issue concerning the elimination of  oil sludge
waste generated in the oil industry almost from
the beginning of  the development and manage-
ment of oil fields. The oil sludge involves drill-
ing wastes, soil after oil spills, asphalt-resin-par-
affin deposits after the purification of tanks [1].
Basically, sludge represents heavy oil residues
containing up to 10�56 % of oil, 30�85 % of
water, 1.3�46 % of solid impurities [2].

Solving the problem of utilizing waste oil
sludge is complicated due to a high stability
thereof, the features of the composition and
properties those permanently change under the
influence of air when stored in open barns. Over
time the waste are �aging� due to the evapo-
ration of light fractions, the oxidation and as-
phaltization of the oil, the formation of colloi-

dal micelle conglomerates,  and an additional
contamination of  mechanical impurities [3].

For purifying the sludge, the world prac-
tice uses technologies based on solvent extrac-
tion, electrochemical separation of organic frac-
tion,  combustion in special furnaces as well as
using the sludge as fuel additives and additives
for the materials in road construction. The team
from the Institute of Petroleum Chemistry of
the SB RAS (Tomsk, Russia) offered an envi-
ronmentally safe method for the comprehen-
sive remediation of  oil sludge and contaminat-
ed soils using detergent compositions based on
surface-active substances (surfactants) and hy-
drocarbon-oxidizing microorganisms [4].

At the first stage, the method consists in
the physical and chemical separation of oil
sludge into its constituent phases (after wash-
ing with a composition). The spent washing
water with the solution of the composition can
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TABLE 1

Scheme of performing the experiment on the biological

destruction of  the residual oil contamination in the liquid

and mechanical phases of sludge after washing

Samples Concentration additional mineral

substrates, mass %

Liquid phase Mechanical phase

Reference 0 0

Diammofoska 0.03 0.100

NH4NO3 0.025 0.025

K2HPO4 + KH2PO4 0.035 0.035

be used at the second washing stage to wash out
new sludge portions. At the second stage, depend-
ing on the initial level of  contamination,  the soil
and the liquid part of the sludge are subjected to
additional microbiological decontamination.

The compositions involve nontoxic biodegrad-
able surfactants and a buffer system to main-
tain an optimum alkalinity level. The compo-
nents of the buffer system are involved in the
cycle of nitrogen and phosphorus, serving as
mineral nutrition for hydrocarbon-oxidizing mi-
croorganisms.

Using the compositions allows one to per-
form bioremediation with respect to sludge with
a high level of  contamination or to significant-
ly reduce the time bioremediation, with a 50�
80 % decrease of the oil content.

The aim of this work consisted in the eval-
uation of the efficiency of the complex meth-
od by the example of a sludge model: washing
with the composition and biodestruction of the
residual oil contamination with the use of  na-
tive microflora in the mechanical and liquid
parts of the sludge.

RESEARCH OBJECTS AND METHODS

The object for testing the detergent compo-
sition was presented by a model of oil sludge
with a low level of  contamination,  similar to
the sludge of the Sovyetskoye and Vakhskoye
fields in the composition and properties. The
composition of the mechanical parts represents
sand with a low content of clay. The sludge
humidity is equal to 14 %, the initial oil content
being of 48 g/kg. Among the components of
the initial contamination there prevail hydro-
carbons (HC) (84.54 %); the fraction of asphalt-
enes amounting to 0.25 %, that of resins being
of 15.14 %.

The composition for washing represented a
mixture of the following components (%): syn-
tanol (surfactant) 0.87,  volgonat (surfactant)
1.68,  sodium tetraborate 0.65,  sodium tripoly-
phosphate 1.1, urea 1, the rest being water;
the acidity of  the final composition correspond-
ed to pH 9.1. The surfactants such as syntanol
and volgonat exhibit a good biodegradability
equal to 85�90 %. Sodium tetraborate and sodi-
um tripolyphosphate produce an alkaline envi-

ronment, wherein the detergent properties of
surfactants can be manifested to he most ex-
tent. Urea represents a source of nitrogen nu-
trition for the microorganisms at the second
stage of recovering the sludge. These concen-
tration values for the reagents were chosen
basing on the composition operation efficiency
and the cost-efficiency when applying the method
on an industrial scale [5, 6].

In the course of washing we simulated the
possibility of  triple using the composition. For
this, the took three equal portions of the sludge
(200 g); the first portion was mixed with the
composition under investigation at a ratio of
1 : 1,  settled,  and then the supernatant liquid
with the washed oil was decanted to the sec-
ond portion of the sludge. Further, each por-
tion of the sludge was washed twice with wa-
ter according to the same procedure.

After washing,  the supernatant,  liquid
phase containing washed oil, the solution of
the composition and suspended sludge particles
were joined together to perform the destruc-
tion of  residual oil contamination in the liquid
phase using indigenous microflora.

The samples of the mechanical part of the
sludge (washed soil) were also joined together
to perform the biodestruction of the residual
contamination in the liquid phase with the help
of  native microflora.

In the course of biodestruction, we investi-
gated an effect of different mineral nutrition
sources on the growth of microflora and the
extent of the biological destruction of residual
oil contamination (Table 1). In particular,  the
influence of  additional sources of  phosphorus,
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Fig. 1. Schematic diagram of studying the chloroform extracts.

introduced in the form of the mixture of mono-
and disubstituted potassium phosphate, nitro-
gen in the form of ammonium nitrate, and the
combination of  nitrogen,  potassium  and phos-
phorus in the form of commercially available
fertilizer �Diammofoska� (ammonium and po-
tassium phosphate). Liquid or mineral sludge
with no additional mineral nutrition was used
as a reference.

Changing the abundance of microflora was
determined using a standard microbiological
method of inoculation on dense selective me-
dia: heterotrophic microflora was determined
using meat infusion agar (MIA), hydrocarbon-
oxidizing microflora was determined using agar
medium with oil [7].

Changing the content of  oil contamination
in the mechanical part of the sludge after the
washing and biodestruction was determined
using gravimetry. The extraction was carried
out using chloroform by means of hot method
in a Soxhlet extractor.

The residual oil was extracted from liquid phase
with chloroform using a separating funnel.

Changing the structural-group composition
of the chloroform extracts obtained was stud-
ied with the help of FTIR spectrometry ac-
cording to a set of spectral coefficients with
the help of a Nikolet 5700 Fourier transform
spectrometer [8].

Further,  the chloroform extracts were ana-
lyzed according to a scheme adopted at the In-
stitute of Petroleum Geology and Geophysics
(IPGG) of the SB RAS (Fig. 1). Data concern-
ing the structural-group composition of chlo-
roform extracts and the corresponding fractions
(methane-naphthene,  naphthene-aromatic,
resins) were obtained with the help of liquid
adsorption chromatography (LAC) with a pre-
liminary precipitation of  asphaltenes [9].

The distribution of n-alkanes and acyclic
isoprenanes was studied by means of  GLC meth-
od using a Hewlett Packard 5890 chromatograph
with a flame ionization detector, a HP5 quartz
capillary column in a linear temperature-pro-
grammed mode. The identification of individual
compounds was carried out with the assistance
of a GC ChemStation computer system.
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TABLE 2

Changing the structural composition of  oil contamination after washing the sludge and subsequent biodestruction
in solid and liquid phases

Samples Spectral coefficients

C0 C1 Ñ2 C3 A1 A2 A3 A4

Initial model of sludge 0.60 0.66 1.14 0.29 0.71 0.51 1.60 6.77

After washing by the detergent composition

1st washing 0.94 0.84 1.15 0.28 0.71 0.55 1.50 5.41

2nd washing 0.85 0.80 1.13 0.28 0.72 0.55 1.50 5.62

3rd washing 0.84 0.79 1.14 0.28 0.71 0.54 1.51 5.74

                                               Biodestruction of the residual oil contamination in the mechanical phase

Original 0.89 0.82 1.12 0.29 0.74 0.54 1.52 5.36

Reference 1.05 0.91 1.19 0.24 0.79 0.65 1.46 5.77

Diammofoska 0.91 0.99 1.46 0.24 0.75 0.72 1.52 5.28

NH4NO3 1.05 0.92 1.25 0.25 0.76 0.64 1.49 5.49

K2HPO4 + KH2PO4 0.86 0.94 1.27 0.24 0.77 0.65 1.52 5.60

                                                                 Biodestruction of the residual oil contamination in the liquid phase

Original 0.50 0.74 1.08 0.29 0.77 0.59 1.41 6.06

Reference 0.80 0.89 1.11 0.27 0.73 0.71 1.13 5.26

Diammofoska 0.64 0.79 1.11 0.28 0.73 0.54 1.51 5.68

NH4NO3 0.65 0.82 1.11 0.28 0.73 0.58 1.41 5.61

K2HPO4 + KH2PO4 0.71 0.86 1.13 0.28 0.74 0.55 1.52 5.30

The chromatography-mass spectrometry
analysis of  individual steranes and terpanes was
performed with the use of a Hewlett Packard
5890 chromatograph and a MSD 5972A mass
spectrometer with a ChemStation HP G1034
computer system for the registration and in-
formation processing. For the separation, we
used a HP-5 quartz capillary column; helium
was used as the carrier gas. The GC-MS  anal-
ysis was performed in a TIC mode for charac-
teristic fragmentary ions: m/z 191 for terpanes
and m/z 217, 218 for steranes and isosteranes.
The identification of compounds was carried
out via comparison of the retention time val-
ues for the fragmentograms obtained with the
mass spectra available from the library systems
and from the literature.

RESULTS AND DISCUSSION

The initial petroleum product content in the
sludge model was equal to 48.6 g/kg. Succes-
sive washing with the composition and two-fold
washing with water made it possible to reduce
the content of  oil contamination down to 11.3 g/kg
for the first portion of the sludge, to 14.4 g/kg

for the second portion, and to 20 g/kg for the
third portion, i. e. a 60�75 % decrease in the
contamination level was achieved.

Washing was accompanied by minor modi-
fying the structural group composition of the
contamination: the residual oil contamination
exhibited an increase in aromaticity and oxida-
tion level, which indicates the rock particles
being predominantly washed out from non-po-
lar HCs (Table 2). The washed-out oil contami-
nation exhibits a decrease in oxidation level.

Initially, in the sludge we determined het-
erotrophic indigenous microflora in an amount
of 300�500 thousand cells/g. The microflora re-
vealed was used for biological destructing the
residual oil contamination in the washed me-
chanical sludge and washing liquid.

The microflora amount in the mechanical and
the liquid parts of the sludge after washing
was equal to 4.6 and 8 million cells/mL, respec-
tively. In the mechanical part of the sludge,
the biodestruction of  residual oil contamina-
tion was accompanied by a three orders of
magnitude increase in the amount of microflo-
ra (Fig. 2, a). Adding the mineral substrates
exerted a positive effect on the growth of mic-
roflora, since after twice washing with water,
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TABLE 3

Structural-group composition of the chloroform extracts and the ratio between n-alkanes and isoprenoid hydrocarbons
in the saturated fraction thereof

Samples Group composition, Ratio values
% of chloroform extract
Me�Nn Nn�Ar Resins Asphaltenes n-C27/n-C17 n-alkanes/isoalkanes (Pr + Ph)/(n-C17 + n-C18)

Original
sludge model 44.08 40.46 15.14 0.25 0.15 3.21 0.84

After washing by the detergent composition

1st washing 40.57 35.82 21.19 2.42 0.17 3.67 0.77

1st washing 41.08 36.41 20.18 2.53 0.20 3.69 0.79

1st washing 40.49 36.75 20.69 2.07 0.20 3.76 0.76

Biodestruction of the residual oil contamination in the mechanical part of the sludge

Original 41.36 36.93 20.77 2.94 0.16 3.78 0.71

Reference 41.82 33.74 23.53 0.91 0.16 2.14 1.31

Diammofoska 63.45 15.91 19.89 0.75 0.15 0.73 5.36

   Biodestruction of the residual oil contamination in the liquid part of the sludge

Original 67.58 11.03 18.56 2.83 0.22 3.98 0.72

Reference 63.51 14.18 16.68 5.63 0.18 3.89 0.68

Diammofoska 52.20 21.54 22.38 3.93 0.09 3.42 0.68

Fig. 2. Dynamics of  the abundance of  native microflora in
the course of  the biodestruction of  residual oil contamina-
tion in the mechanical (a) and liquid (b) parts of the sludge
in the case of  introducing additional mineral substrates:
1 � reference, 2 � Diammofoska, 3 � K2HPO4, 4 � KH2PO4.

from the soil there are nitrogen and phospho-
rus compounds washed out to cause any defi-
ciency in mineral nutrition. In the liquid phase,
which represents a three-fold diluted solution
of the detergent composition and washed-out
oil, the microflora growth amounted to about
1�1.5 order of magnitude. Introducing the ad-
ditional mineral substrates exerted a little (30�
60 %) stimulating effect on the abundance of
microflora (see Fig. 2, b). Poor growing the mi-
croflora could be explained by a high concen-
tration of  oil contamination (about 3 %) and
mineral components.

As far as the mechanical part of the sludge
is concerned, after 30 days of biological destruc-
tion,  the content of  residual oil contamination
therein exhibits a decrease ranging within 21�
28 %. As far as the liquid part is concerned, a
quantitative decrease of  the oil contamination
level one could not determine methodically.

The conversion level of  oil contamination in
the mechanical and liquid parts of the sludge
depends on the population of the microflora.

For example, the structural group composi-
tion of  oil contamination in the mechanical part
of the sludge exhibits increasing the propor-
tion of oxygen-containing structures, the aro-
maticity factor, the branching ratio, whereas
there decreases biarene to triarene ratio, which
indicates  a process of biodestruction to occur.
The greatest changes are noted for the experi-
ment with �Diammofoska� (see Table 2).
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After the biodestruction the liquid portion
of the sludge exhibit a slight increase in the
level of aromaticity and in the fraction of ox-
ygen-containing structures as well as minor
changes in the proportion between different
classes of aromatic hydrocarbons (see Table 2).

According to LAC, the chloroform extract
of  the initial oil contamination is characterized
by a high concentration of HC (84.54 %) and
low asphaltene content (0.25 %) (Table 3).

After washing by the composition the chlo-
roform extracts exhibit reducing the hydrocar-
bon content and increasing the fraction of res-
in-asphaltene components (see Table 3). Accord-
ing to data obtained using GLC, the extracts
of the samples under investigation (except the
extracts obtained from the biodegraded sam-
ples of mechanical sludge), and the n-alkanes
prevail to a considerable extent as compared to
acyclic isoprenanes (see Table 3 and Fig.  3).

The molecular mass distribution of n-alkanes
after washing remains almost unchanged, with
slightly increasing the relative content of
n-alkanes comparing to isoalkanes, whereas the
isoprenoid coefficient exhibits a slight decrease
(see Table 3).

After the biological destruction, the most
significant changes in the composition of the
hydrocarbon group were noted for the mechan-
ical part of the sludge such as reducing the
content of asphaltenes, changing the molecu-
lar mass distribution of n-alkanes and iso-
prenoids toward increasing the relative concen-
tration of the latter, decreasing the ratio be-
tween n-alkanes and isoalkanes increasing the
isoprenoid ratio to a considerable extent. The
maximum transformation was observed for the
variant with the stimulation of indigenous mi-
croflora by means of �Diammofoska�: the ra-
tio between n-alkanes isoalkanes decreases from

Fig. 3. Chromatographic profiles for the saturated fraction of  chloroform extracts. Here and in Fig. 4: a �  original oil
sludge sample, b � the sludge after the 1st washing by the detergent composition, c � the liquid phase after biodestruction
with Diammofoska, d � the mechanical phase after biodestruction with Diammofoska.
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Fig. 4. Mass fragmentograms of  steranes (m/z 217) and terpanes (m/z 191). For designations,  see Fig. 3.

TABLE 4

Changing the composition of steranes after washing the oil sludge by the detergent composition and subsequent
biodestruction of  residual oil contamination in the mechanical and liquid parts of  the sludge

Samples Diasteranes/regular steranes Steranes Ñ29

20S/20S + 20R ββ(20S + 20R)/αα20R ββ/αα + ββ

Original
sludge model 0.58 0.47 3.53 0.54

                                After washing by the detergent composition

1st washing 0.58 0.46 3.61 0.54

2nd washing 0.57 0.46 3.50 0.55

3rd washing 0.55 0.46 3.68 0.55

  Biodestruction of the residual oil contamination in the mechanical part of the sludge

Original 0.56 0.46 3.62 0.55

Reference 0.56 0.46 3.63 0.55

Diammofoska 0.57 0.48 3.27 0.51

       Biodestruction of the residual oil contamination in the liquid part of the sludge

Original 0.53 0.48 3.06 0.49

Reference 0.59 0.47 3.12 0.53

Diammofoska 0.56 0.47 3.54 0.54
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3.78 to 0.73, the isoprenoid coefficient increas-
es from 0.71 to 5.36, indicating that there oc-
curs a substantial biodestruction of n-alkanes
(see Table 3 and Fig. 3) [9].

After the biodestruction of the oil contami-
nation in the liquid-phase there are changes
observed at the level of group composition: re-
ducing the concentration of both methane-
naphthene (Me�Nn),  and naphthene-aromatic
(Nn�Ar) hydrocarbons; increasing a relative
content of resins and asphaltenes. At the level
of individual composition, slight decreasing the
ratio between n-alkanes to isoalkanes is ob-
served (from 3.98 for the original sample to 3.42
after the stimulation by �Diammofoska�). The
molecular mass distribution of n-alkanes and
isoprenoids is close to that observed for the orig-
inal sample;  therefore the isoprenoid coefficient
does not change (see Table 3 and Fig. 3).

The chromatography-mass spectrometry
study of the saturated fraction demonstrated
that the biodestruction does not affect the com-
position of steranes and terpanes. The mass
fragmentographic profiles of steranes and ter-
panes for the samples under investigation are
identical (Fig. 4), whereas 25-nor-hopanes have
not been identified, while their presence and/
or prevailing with respect to the regular ho-
panes usually indicates an intense biodestruc-
tion to occur [10, 11].

The parameters inherent in the composition of
steranes used for estimating the level of the biode-
struction for oil and organic matter [9] are also
close to each other (Table 4), which indicates that
there is a low level of biodestruction undergone
by the samples in the course of the experiment.

CONCLUSION

Using a detergent composition for washing
oil sludge with a low level of hydrocarbon
contamination (about 5 %) provides 55�75 %
purification level depending on the number of
washing cycles. Subsequent biodestruction of
native microflora additionally reduces the con-

tamination by 20�30 %  per month. In the case
of the mechanical part of the sludge, the mic-
roflora is worthwhile for stimulation by nitro-
gen and phosphorus containing mineral sub-
strates (when additionally washing the sludge
with water after using the detergent composi-
tion), whereas in the case the liquid part of
the sludge, the mineral nutrition can be pro-
vided by the components of the composition.

Changes in the structural-group and indi-
vidual composition of hydrocarbons in the liq-
uid part of the sludge corresponds to the ini-
tial and in the mechanical part of the middle
stage of biodestruction, which indicates the in-
sufficient activity of  native microflora. Conse-
quently, a deeper destruction requires either
for a longer time, or for the introducing highly
active strains, the destructors of hydrocarbons.
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