Journal of Radiation Researches, vol.4, No.1, 2017, Baku

UDC: 552.778.3; 665.521.80
DEGRADATION OF PETROLEUM IN THE SOIL

N.G. Guliyeval, G.1. Imanova?, Sh.H. Hajiyev?, I.1. Mustafayev!?
YInstitute of Radiation Problems of ANAS
2Azerbaijan University of Oil and Industry
3Azerbaijan University of Architecture and Construction

Abstract: The content of oil, tar and asphaltene fractions in crude and degraded in soil petroleum from
Surakhani oil fields of Absheron has been determined. The regularities of distribution of polycyclic
aromatic hydrocarbons (PAH) in oil and tar fractions of crude and degradated petroleum have been
studied. Three groups of PAH — containing 2-6 benzene rings, NPD (Naphthalene, Phenanthrene-
Dibenzo(ah)anthracene ) and 16 EPA have been considered. It is shown that within the transition from oil
fraction to tar the content of 2-6 PAH increases by 45%, 16 EPA — by 33.6% and NPD — by 38,5%.
Besides the sharply increase of the content of the asphaltene fraction within the degradation of oil in soail,
the content of the identified PAH decreases both in oil and tar fractions.
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1. Introduction

The most resistant to the effects of microorganisms and other environmental factors
among the components of oil are PAHs due to of their toxicity and insolubility in water medium.
On one hand, the insolubility in water reduces the probability or prevents the ingress of PAH in
living organisms; on the other hand, it leads to their accumulation in the environment, for
example in the bottom sediments of reservoirs. The influence of light and ionizing radiation, pH,
mineral water environment, presence of humic acids in soil, etc. affect their transformation in the
environment [1-3]. Degradation processes for Azerbaijan oil have been studied in the example of
Balakhani oil-fields [4-5]. However, the issues related to the transformation of polycyclic
aromatic hydrocarbons within oil degradation have been considered partly [6], detailed studies
have not been conducted.

The research results of transformation of PAH during petroleum degradation in soil of
Surakhani oil field of Absheron have been presented in the paper.

2. Methodology

For comparison, the oil samples were taken both from the contaminated soil and freshly
produced from well. After purification from impurities, the oil samples were divided into three
fractions: oil, tar and asphaltenes according to GOST 1158-66 (Table 1).The asphaltene content
in the petroleum composition is insignificant, and the study of PAH was carried out in oil and tar
fractions.

For analyzing the products in liquid phase, it was used GC-mass spectrometric method.
Chromatograph GCFID (GS-450, Varian-2010 USA) and mass-spectrometer GC/MS Trace DSQ
(Thermo Electron, Finngan USA, 2005) were used.

Table 1. Fractional composition (wt %) of petroleum samples taken from well and soil

Sample oil tar asphaltenes
Oil from soil 71.1 22.4 6.5
Oil from well 90.9 9.0 0.1
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The oil samples were dried with dry Na>SOs, and then diluted with dichloromethane
(CH2CIy) for chromatographic analysis. The analyses were performed on the device GC/MS
Trace DSQ (Thermo Electron, Finngan USA, 2005) within the range of M/Z = 35-400 , and the
components in the products were identified on the base of mass-spectra.

3. Results and Discussion
Because the polycyclic compounds are the most toxic from the ecological point of view,
the study of their changes during oil degradation processes in the environment is of interest.

Table 2 presents the main characteristics of PAH, which are the subject of these studies.

Table 2. The main characteristics of 16EPA PAH in the oil fraction.

Chemical | Chemical Number TO).(iC
16EPA -PAH M, g/mol structure formula Ef rings, ]?;q;:)vralency
Naphthalene 128 CioHs 2 0.001
Acenaphthylene 152.2 C1oHs 3 0.001
Acenaphthene 154.2 41y |Cute |3 0.001
Fluorene 166.2 O'g CisH1o 4 0.001
Phenanthrene 178.23 O% CiaH1o 3 0.001
Anthracene 178.23 CiaH10 3 0.01
Fluoranthene 202.26 C.g Ci6H1o 4 0.001
Pyrene 20226 | 4 |CiHo |4 0.001
Benzo(a)anthracene 228.29 OOOO CisH12 4 0.1
Chrysene 228.29 CisH12 4 0.01
Benzo(k)fluoranthene | 252.32 94 CaoH12 5 0.1
Benzo(b)fluoranthene | 252.32 L Ca0H12 5 0.1
Benzo(a)pyrene 252.3 00‘0‘ C2oH12 5 1
Indeno(123cd)pyrene | 276.3 c I]\ C2oH12 6 0.1
Benzo(ghi)perylene 276.3 uﬁ}u CaoH12 6 1
Dibenzo(ah)anthracene | 278.3 E{;@’EP CasH1s 5 5

As can be seen from the table, the toxicity of the individual PAHs (especially benzo-
compounds) exceeds others’ toxicity a thousand times. Therefore, the mutual transformations of
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these PAHSs are reasonable from the ecological point of view, and the study of these processes
under different factors is of great practical and scientific interest.

It should be mentioned that the presence of all three groups of PAH exceeds their values
in the tar fractions of both crude and degraded in soil petroleum in comparison with the oil
fractions. Thus, in the tar fraction of crude oil the content of 2-6 PAH is 45%, 16 EPA 33.6% and
NPD 38.5% higher than in the oil fraction. For example, for Fluorene and Phenanthrene this
difference is 2.5 times, but for Anthracene and Fluoranthene almost 5 times. There is a growth
tendency also in the content of the above-shown hydrocarbon groups with an increase in the
molecular weight of PAH and number of benzene rings in their composition. Only naphthalene
content in the oil fraction is 47% higher than in the tar fraction. These patterns are most probably
associated with the specific formation processes of different compound groups within the genesis
and metamorphism of petroleum.

We have studied the class of PAH 16 EPA in more detail. The dependence of the ratio of
the concentrations of the individual PAH in tar (Ct) and oil (Co) fractions on their molecular
weight and number of aromatic rings (k) is given in Fig. 1. The figure shows that with an
increase in both of these values the Ct/Co ratio increases. Moreover, this value in the crude oil
grows faster than in the degraded one, and at k > 3 this ratio becomes 2.5 times greater than in
the degraded oil. In degraded oil, this ratio does not exceed 4 at all values of k.

Table 3. Content of various PAH groups in the composition of oil and tar fractions of the crude and
degraded oil (mg/kg).

A total of
Oil fractions PAH with 2-6 | NPD Total - 16EPA
benzene rings

Oil of crude 14016 13652 962
petroleum (yq)

Oil of degraded

petroleum (yt) 9308 5% 2
Tar of crude 20375 18912 1286
petroleum (qq)

Tar of degraded 10224 9567 730

petroleum (qt)

Within the oil degradation in soil the PAH content decreases both in oil and tar fractions.
The decrease in 2-6 PAH rings amounts to 33.5% for oil and 49.8% for tar fraction. The
appropriate numbers for NPD are 34.5% and 49.4%, and for 16 EPA 48.8% and 43.2%. As it is
seen from Table 1, in the oil degradation process the asphaltene content increases from 0.1% to
6.5%, i.e., 65 times in its composition. Apparently, the reduction in PAH in the composition of
oil and tar is associated with the fact that the heavy part of oil hydrocarbons polycondenses and
separated into asphaltenes. In addition, our methodology does not determine the PAH with
benzene rings of which number is more than 6. Moreover, the greater the molecular weight and
number of aromatic weight, the more quickly the polycondensation process occurs than in light
PAH. In Figs. 1 and 2, it is shown the dependence of the ratio of the individual PAH
concentrations in the composition of oil and tar fraction of the original and degraded oil on the
number of benzene rings and molecular weight. It is seen that with increase of the number of
rings and molecular weight the ratio of Ct/Coil increases, which indicates the behavior of
polycondensation processes. In this case, these processes occur more quickly in oil fraction and
the content of PAH decreases in lighter oil fractions. On the other hand, PAH are more soluble in
water at smaller amounts of aromatic rings and accordingly, they are subjected significantly to
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biodegradation by microorganisms. Salt and humus content in soil also affects the dissolution
process positively. Thus, a sharp decay in the curves of Fig. 2, is apparently related to a higher
rate of degradation of relatively light (k < 4) PAH than heavy ones. Moreover, it should be also
considered the role of direct and indirect photochemical decay of PAH under solar radiation.
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Fig. 1. Dependence of the ratio of the individual PAH content in oil and tar fractions of the crude and
degraded oil on the number of benzene rings.

For all groups of PAH there is a reduction in their content within the degradation of oil in
soil. This relates to the measurable PAH in the oil composition.

It should be noted that our analytical methodology identifies only the PAH with aromatic
units up to 6. Therefore, reduction in the content of these PAH groups is apparently related to the
polycondensation of PAH with aromatic nuclei less than 6, and the formation of heavier PAH
which we are not able to identify. Since the asphaltene content sharply increases in the
degradation process, it can be assumed that a part of PAH segrerates together with the
asphaltenes.
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Fig. 2. Dependence of the ratio of the individual PAH content in oil and tar fractions of the crude and
degraded oil on the number of benzene

4. Conclusion
1) The ratio of individual PAH content in oil and tar fractions of oil (n) strongly depends

on the number of benzene rings, and reaches up to 13.6 at k = 6 in crude oil. This dependence in
degraded oil in soil gets relatively weak character, and the value n does not exceed 4 at k = 5-6.
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2) Within the degradation of oil in soil the content of light PAH is strongly transformed
both in the oil and tar, the content of relatively heavy PAH with k = 4-6 changes only 1.5-2
times. Reduction in PAH content in degradation process is likely due to the destructive and
polycondensation processes.
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JAETPAJALIUS HE®THU B ITIOYBE
H.I'. I'yauena, I''1. Umanosa, H1.X. I'ax:xues, U.U. Mycradaen

Peztome: Onpenenensl coaepKaHusl MacIsTHOM, CMOIHUCTOHN U acanbTeHOBON (pakuuii B CBeKe100BITON
U jerpazupoBaHHOd B mouBe HepTn CypaxaHCKOTO MeCTOpokIeHus AmmepoHa. W3yueHsl
3aKOHOMEPHOCTH DACIPEeNICHUS] MOMUINKINIECKUX apOMaTHUECKUX YTIIEBOJOPOJOB B MACISIHBIX H
CMOJIMCTBIX (Ppakimsx cBeXeI00BITONW M JerpaupoBaHHON B MO4YBe He(TH. PacCMOTpEeHBI TpH TpYIIIBI
ITAY — comepxarue 2-6 6enzonbHbIX Koner, NPD (Naphthalene, Phenanthrene- Dibenzo(ah)anthracene)
u 16 EPA. Iloka3aHo, 4To IpH Mepexose 0T MacisHON (pakiuu K CMOJIUCTOH conepxanue 2-6 [IAY- na
45%, 16 EPA - na 33.6%, u NPD - na 38.5% yBenuuuBaetcs. [Ipu nerpaganuu HeTH B MOYBE ITOMUMO
TOTO, YTO COZEp)KaHHe ac(hanbTeHOBOM (pakMK Pe3Ko BO3pacTaeT, coAepKaHue HICHTU(UIMPOBAHHBIX
[TAY kak B MacisiHOH, Tak U B CMOJIMCTOM (pPaKLUIX YMEHBIIAETCS.

Knioueeswie cnoea: nedto, mouna, nerpagamus, PAY

TORPAQDA NEFTIN DEQRADASIYASI
N.Q. Quliyeva, G.I. Imanova, S.X. Haciyev, I.I. Mustafayev

Xiilasa: Abseronun Suraxani yatagindan gotiiriilmiis xam vo deqradasiyaya ugramis neftdos yag, gatran vo
asfalten fraksiyalarinin torkibi mioyyanlosdirilmisdir. Neftlo ¢irklonmis torpaqda yag vo gQotran
fraksiyalarinda politsiklik aromatik karbohidrogenlorin paylanmasinin ganunauygunluglari dyronilmisdir.
PAK-1n ii¢ qrupuna baxilmisdir: 2-6 benzol halgslor, NFD (Naftalin, Fenantren-Dibenzo(ah)antrasen) vo
16 EPA. Gostorilmisdir ki, yag fraksiyasindan gotrana kegorkon 2-6 PAK-in torkibi 45 %, 16 EPA-nin
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33,6 % vo NFD-do 38,5 % artir. Torpaqda neftin deqradasiyasi zaman1 asfalten fraksiyasinin koskin
artmast ilo yanasi, idenfikasiya olunmus PAK-n miqdarinin hom yagda, hom do gotran fraksiyalarinda
azaldig1 miioyyan edilmisdir.

Acar sozlar: neft, torpaq, degradasiya, PAK
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