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ABSTRACT

Hydrocarbon pollution of environments is the one of most distributed and at the same
time not enough studied types of anthropogenic influences. The high intensity of geo-
and biochemical processes, flows of the matter and energy connecting the hydrocarbon
geotechnical system (HGS) with the external environment determines the necessity of
use of the kinetic non-equilibrium approach for the forecast of fate of the polluting
substances. Interaction between the intensive and extensive parameters of the HGS
forms the centers of the development of kinetic processes (attractors) that determine the
direction of the degradation of oil and petroleum products.

Pollution processes and transformation of hydrocarbons in soils apd_gfom_lds are
fundamentally different. We consider the soils as a natural filter, and this 1s Jl,_lstlfied_ by
the calculations of the kinetic of formation of different forms of compounds in ve_mcz‘ﬂ
and lateral migration flows. The process of dispersion of t.he hydrocarl?on pollution.is
multidirectional in space and time and it is characterized by various speeds of
mobilization, immobilization and remobilization of hydrocarbons. The synergenc_basfs
of the mechanical and diffuse forms of the migration of thcl: h_ydrocarbon pollution is
presented in the models as an interaction between the initial liquid-phase, water-soluble,

exchange and fixed forms of hydrocarbons.

A complex of kinetic models of destruction of oil compounds dind;h:ndlzig:ﬂ
environments was of considered. They show different fate of co;npﬁur\; smor[; sk
the type of conditions and the defined ways of degradation and allo

forecast the processes of pollution/ self-purification of environments.

Processes of the natural destruction of oil are inett in th e
results side they prevail over all the artificial influences. By

- -onment and internal
S ; 5 £ the extemal env1r01:l : !
®quilibria on its nature due to the interaction of g 0t ¢ disintegration (even

in :
Processes and has an autowave character. The ma! O L e s

f(}[‘ the p ter and
persistent compounds) are Wwateh © : oo
transformation of hydrocarbons with participation of live sub

troleum products,

e time, but from energy a_nd end
ocarbon pollution 1s non-

self-organization, kinetic,

KeYWOrds' z e
el Hydrocarbon pollution, P
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INTRODUCTION

: i tion of the substances (hydrocarbons and another
strucn_lratioq) mth it{l:ev ;irttfj't;t:'ler;tliﬁtlggal directions. According .to Fhe H. Haken’g [
polluppns} lfiftlmeanizatioﬂ are the spasmodic changes of a q_uallltatlve‘ and quantitafi
deﬁmtlfon. Seel:t?;f of structures, or of the “stable” commgmcatlons (invariants of
z;?stérﬁ).lizzording to L. Boltzmann, the structural propt?rtles, or the comp]e_xity'o_f
system can be estimated using the entropy or the .dlfference of entropies in he
processes. Difference between the entropies of_dlstrlbutlon of the pOlll:lfIOI] is
the heterogeneity of the physical and chemical processes of the interaction of the
pollutant with the environment having different intensities.

The external environment towards to the technogenic systems develops according to the
own lows and will hinder to the another way of the development of the emerging o
forming at the time in it hydrocarbon technogenic system. This system must accept th
conditions of the environment, in particular the same natural geochemical zonality. Thi
initial position postulates the genetic identity of the evolution stages of both
systems. But the processes of the evolution of technogenic systems
incommensurably quicker because the influence on the external environment is more
intensive. The internal (technogenic) system doesn’t have enough time to adapt to the
external environment. So, the alien to the nature substances with the maximum of the

variation of the properties, which are able to the bifurcation of the “isolated” processes
OCCUr.

Self-organization is based on the complex of the underlying conditions. One of them i
a non—equilib'ria ordering of the dinamic systems (the time category), created because
ﬂ'fe cooperative interactions, including the superposition interactions (acting joint
d!ffercqtly directed and inadequate on the force and time). Such interactions create
dispersion of ’Ehe Qolluting substances, coming into the “alien” environment as t
response and give rise to the formation of new subsidiaries subsystems. Their forma i

oceurs from the active centers: on thej ' .
] . ; eir properties these centers di oS
of the environment (initial). These ey substancer i ;

It is obvious that th A

; en ; _.
cqnsrder the internal 3:zgalt;§stems are multljcomponent. It is possible to conditior
nncroscgle (and external multlcomponent character, The first are

: N some me
composition of i asure mesoscale) heterogeneity: for example,
Zone, where the main sorbents are

ils of aeration

drom| 73 _
yeromica, kaolinite, chiorite, etc.). The sorption capacity 0%
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.o pollutants is selectively relative to —
the differences 1n t}le radii F)f the hydtrl:ec:a;f; size. cationr?, I is well
chtuml features. At the sarpe fiine, fhe inferaal mnltico s, their polarizability and
. the very pollutants, especially organic substances mt?W?ent character is inherent
ihis level of environment creates an imbalance in local Oi::;:tton with the pollutant at
(o the variety O the creation of phase portraits of imeraclzion be('::,t;:;tto;sj- It is identical

e components of

[h ge()logical eﬂ\"honﬂlent i lth penOleU[ll pIOdHCtS at the micrOI V 1
e ; evels.
(¥ emer n Sy te 1 t'
g g S I’nS OCCUI'S d]scon IHUOUSIY and discrelely iﬂ at[l
actors.

in such a way the zones of th i

A e poll s f
Jistribution of the hydrocarbons initially occurs ‘émﬁﬂf n;j fgrmmg in media, so the
into the ordering stage. Our c-alculations of the entropy c;f inte?acf{o‘hatf the system goes
oil W_n.h the ‘categones of soils and grounds, including peat, quan n of various types of
provisions cited above (Fig. 1). , quantitatively confirm the

e ——

[nteraction of th
[n our opinion,

o

“‘{ BEERERNEFwT =T

A

o

| —e—La
; R "“":r':dm.ﬂ.?? Ym3 —m— Oktyabr'skoye, 0,78 ¢/m3
__T_‘Sal“'m"ao nskoye, 0,82 t/m3 - Zhanazholskoye, 0,83 t/m3
| ~4~0dopt rskoye, 0,85 t/m3 ——— Uzen'skoye, 0,86 t/m3 __ Jumazinskoye, 0.89 tfm3
{ ¥ Odoptu-more, 0,94 t/m3 —@— Usinskoye, 0,96 t/m3
of the oil on the type

e UstBalykskoye, 0,84 Um3

| composition

Fig 1.
g1. The dependence of the entropy of the chemica

of groud
e controlled by their mineral

rption processes ar
37 mechanical composition of the grounds and

For o
oil and petroleum products, the so
ds starts from the liquid phase even if the

¢ 5

L hﬁggm; (so, density, viscosity etc
3 '_ﬁetrmeuﬂ«, pi;?(;:xon on th_e disperse soil/ groun

 Shown by pOlaruCtS ate in thie dissolved state. At the Satic time, the greatest activity is

|~ aromatic hyd‘;"o;nal;gnems of hydrocarbons according to the following scheme: olefins

. . ons — cycloparaffins = paraffins [4]

1S been increasing role of 1iving matter and products of its life activity in the

the oil pollution of soi

4 bl
o of transformation of hydrocarbons-: For example, at ;
ces of non-humic nature increases sharply-

i T}iis lea:llﬁ the role of the organic substan
- lifficy) g, 0 the formation and conservati
entified in the natural media. The
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16t [nternat
s [15.2, 6 8] There are ketones, alcoho]
d the lifetime in the environments, i 5 acidg

ost susceptible to biodegradation, anq lhigb; Ieveq

nitial substance
of toxicity an

p to (Cop aré m

n-paraffins — cycloparaffins — naphthe
68wy

aggressive than the 1e
having varying degre

u
t the hydrocarbons ( :
Ezarealized in the following order

.~ hydrocarbons.
aromatic hydroca | o, |

: ctions in the inanimate nature need significant more quantity S
ey e he living systems. The same products of the reactiong

them out than t \ el
to i}?:ymultistage Processes involving living matter need much less energy thay e
lrI;actions without its participation. The activity of the reactions with the Participatiop p

living matter is fundamentally different from'how "the processes take p!ace. in the "nop.
living world." Biochemical ~processes like by_pgss hlgh activation  barrier
characteristic for the chemical reactions without the living organisms, and the One-step
process 1S replaced by multiple tlransqunatlon tt_um_lgh a series of transitions gpg
metastable intermediate products with minimum activation energy.

We do not exclude, that it is the living matter gives an impetus to the formation of te
horizontal and vertical hydrocarbon geochemical zonality in the aeration and saturation
zones, and gravity processes and physicochemical interactions is given a secondary role.

CCltrig

Let us try to justify this provision. According to the A. Fick’s law, if we create in the
nonequilibrium systems the initial perturbation of temperature or concentration, over
time, it "resolve" and the system will strive for permanence. This is already a well-
established form of manifestation of order. In general, the biodegradation of
hydrocarbons scheme clearly fixed by the presence of electron acceptor concentrations
in the soil (ground) or water in the sequence: oxygen —nitrates — manganese — iron
— sulphates — carbon dioxide — organic carbon and others.

The more intensive is the hydrocarbon pollution, the lower are the concentrations of
acceptors, and the metabolic products (Fe?”, CHs and others) increase their
concentration. The high correlation between the concentration of the acceptors of
elecuong and the donors and acceptors of the metabolic products demonstrates the
progressive nature of biodegradation and vice versa. On this basis is possible 0
determine the ability of the geologic environment to the biodegradation of

contaminants. It is important to note that stages of the self-organization will oo 8
two main directions (forms).

:};ﬁ;gnamlz.atlior},of the cher}lical substances on the principle “from the short-living"@
g iving". Such chains are different on the composition in the entrapped ait

vertical and horizonta] f] g :
; ows of moisture and, actu i orous and fractd
environments of soils and rocks. ) ally, in the p

2. Manifestati :
geochemif’:;tgj:rr(i} f the accumulation of the concentrations of chemical elements o the
€15 (contrast forms), in the form of stratigraphic units With & smed

tise and fall of ¢q p o
neen : {ag show
geochemical 7o, tration. The more the interaction time, the clearer Will be s

nality and azonality.

The fractioning j
in u
secumulateq e comthcpjmw;fg fh f.fimcarb"“s ~ rocks” is that in rocks are pred 4 others)
into the aau: o1 high molecular wei i haltenes and =
relatively aquifers fy] r weight (resins, asp ving 8

s
Ehsolubility_ uch compounds as benzene, toluene, xylenc, etc.

ominantly
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ronger connections and, consequently, structuring will manifest in the subsoil
More t yadose sone and to the spread of groundwater. That means that the diffusion in
yer Octai medium (and to such one can be attributed all the natural reservoirs) occurs
the flrfll(e o the conventional co_ntmuous medium. The dispersibility of the rock am‘i
not 1lic fracture structure complicate the advancement of particles and slow down the
Cl.]{ai:(lleiOI'l- The deviation of the: ngturai parameters of the diffusion in the fractals from
?Iiai g in the models 18 SO Imgmlﬁcant that it does not satisfy the classical law of A.
‘) consequeHﬂY; the dlffu31qn equation. The a.;ltuation will not be saved with the
- oduction of the var}able coefficient of the‘ dlffusmq depending of the dimension of
lhe pore Space: ’!‘here is neqd fqr thq use of mtegral-fhfferential equation containing a
=/ anusual object - 8 derivative .(m tlm_e) of fractional order related to the fractal
gimension of the media. Thus, the "impurities decay functions" become the leading role
in the knowledge of the processes of self-organization in the hydrocarbon technogenic

systems.

Under the condition of the law filtration properties of the grounds occurs the penetration
of the moving low-density hydrocarbons, which are dissolved in the aggressive
wastewater as well as liquid commodity petroleum products (free-flowing), cyclo-
paraffins and aromatic hydrocarbons, hydrocarbon gases. Simultaneously, occures the
& prolonged immobilization of heavy hydrocarbon components (fuel oil, oils and other
. high-density liquids). On the lithologic barriers is likely the accumulation of all kinds of
k& hydrocarbons in the form of lenses of a capacity from a few centimeters to several
meters, which may be from several days to several years.

& The grounds with the high filtration properties are the sources of the secondary
pollution for the groundwater. There is the dissolvation and leaching of the
hydrocarbons in these grounds (they became more mobile as a liquid phase). More

[‘h active such processes are in the zones of the rapid filtration. In the same time are

¥ characterized the processes of the colmatation of the pore space due to the sorption of

Ijﬁ heavy fractions, mainly asphalt and paraffin. In the grounds with the high filtration

B\#I pmperti_es the petroleum products are transferred in the emulsified and dissolved state.

lﬁ, Expanding the scale of pollution, depending on the ratio of the size of the zones ax?d the

I‘“ nature of the three-component system "air — water — petroleum products." According to

aﬂ laboratory data to start the reduction of concentrations of the hydrocarbons in water, it is

" Necessary to pass through the contaminated ground the water in an amount of 500-600
§ pore volumes.

¢ Hereis an example. It is believed that the under the underground anaerobic conditicm's
o the processes of natural biodegradation of petroleum products are very slowly. It is
Pﬂnﬂnped by the facts: the pollution and self-cleaning of karst rock massifs last
.~ enturies long, Studies in recent years showed that nitrate jons can act as an electron
;a“"‘el:‘tﬂr1 and after their exhaustion — iron and sulphate ions, always present in the
fm.!o_"nd“_‘ater. This has led the authors [5] to conclude that the biodegradation process in
y °b1‘3 conditions occur as effectively as acrobic. On the example of the t""f“t’l‘:;
2 base (airfield) in the Czech Republic was demonstrated a change in gross © 2
- entof petroleum products in one of the wells where the monitoring of contaminate

- -_,_."'_4 Ol
Ndwater wag organized (Fig. 2).
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Concentration of petroleum products, mgf |

ing to the monito
. i leum products according
i ' f concentration of petro
Fig. 2. Dynamics o
well [5]

Earth's surface the friable deposits of quarternary age sgread ztn 3 S:i?rsof‘
e ai ks with the jointing decreasing with a depth. Undergro o
i SYOC and are dated for friable quarternary rocks and a zqngl’(t) 0 flmi |
?}ff tcl;;s(gli;as;: In our opinion, at such geological structure the possibility gra

i i ition
of the dissolved oil products in crystal rocks with their subsequent depos
excluded.

f hydroca
The geochemical zonality is justified by the. long-ten'l?d.rle(ssfgzl'; [3]. Tllie p
pollution of the geological environment on the site of lBeml {11 o e
research during more than 20 years shovn_;ved the ratio of t e ol
degradation of the hydrocarbon pollutants in the geological enviro

: e ‘ anganese S Uf
for typical representatives of the anaerobic conditions the reduction of mang
to 5%, iron 19% and 36% is methanogenesis.

Detailed models of processes

of biodegradation of petroleum products require t
analysis of the kinetics of degra

il pollutia
dation of pollutants. It is known that as ths Oilggoof
markers are widely used PAH, which clearly record the origin an o

o e st in chemicé
contamination, The behavior of the living matter is s-1mll,ar to the cataly: : 3
reactions. Using the stoicheometr: i

make assessments of the rat
therefore, of the selfpurificati
of the calculation of PAH bi
bioavailable substance,

CONCLUSION

+ . " the exi
So Stl'atlgl‘aph.]c WL as an integra] srycture i an indispensable element of
of any ecologicy] System and

: identificatiol
Tt the most important object of study in thf I”;jhis is th
PY’ ution of the geological environment of the micro to the macro level.
effective in t

istence of matter:
g inee S of ener Y expenditure form of existen
Minidissipatiye Structura] substgance :
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ication D time and space (_asithc fff:lt'-rcrgulati:‘rn cycles) is the most perfect
Strafl for displaying of the dynamics of interaction of substances (including various

ct[i]::rfrature), energy and information. |
Fluctuations always exist in the physical, ghcmical, biological, and others systems. The
alculations show that thq inserted ﬂ.uctuatmns Iunfikc the equilibrium processes studied
o classical thermodynamics, determine all the future fate of the nonlinear system.

Autowave Processes, inherent in almost all natural systems, form a progressive or
wve nature of biodegradation of pollutants due to the ordination of factors leading
1 differentiation and activity of living matter in time and space.

This feature of the development of hydrocarbon systems is illustrated using the kinetic
models of hydrocarbon contaminations and degradation confirmed by field experiments
fixing the decrease of the concentrations of the electron donors and acceptors involved
in the oxidation of oil components in soil both under acrobic and anacrobic conditions.

e L T e TP T
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ABSTRACT

The income of oil and products of its processing into the environments is really
significant. To organize the monitoring of the marine environment and assessment of
the contamination processes different approaches are developed allowing the
identification of the source of pollution and estimation of its role in the formation of the
non-equilibrium system of the sediments in the water bodies.

| The wide used method of the identification of sources of the hydrocarbon pollution is
[ calculation of indicator ratios of polycyclic aromatic hydrocarbons (PAH). Because of
I theexistence of PAH-isomers with different properties coming from different sources, it
| ispossible to identify the genesis of the pollution and in some cases its” age. In our
study we test the most wide used ratios and examine the possibility of its use for the
purposes of the identification of hydrocarbon flows.

Calculations showed that the analysis of individual indicator ratios sufficiently
informative. For some ratios was shown significant difference of calculated values from
presented in the literature critical values. Maximal efficient is the analyses of a complex
. ofratios. So, it is possible to study the behavior of hydrocarbon flows in sediments.

In contrast to existing perceptions of sediments as the storage medium, we propose to
consider them as non-equilibrium geochemical system with a continuous exchange of
- Matter and energy between the components and supersystem. When interpreting the
indicator ratios it is necessary to make correctives taken into account methods used for
®Xtraction and detection of PAHS, the specificity of the polluted environment, the age of
Pollution, nature of the source of PAHs, their concentration and behavior models.

Keywords; hydrocarbon flows, oil, PAH, indicator ratio, sediments

INTRODUCTION

;fhe income of the hydrocarbon pollutants into water bodies reaches significant volumes
1 many regions of the world, so this problem belongs to the priorities. The monitoring
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of water bodies mainly gives assessment to the water mecllla; t(;)_ the sediments is pyig fur
less attention at all kinds of the ecological/ environmental studies. At the same time, the
data about the sources and characfter of lth.e pollutapts as well as Processes of thejs
transformation is necessary. On this basis it is possible to make demsmqs about the -
acceptability of environmental loads or about the necessity of their regulz_mon. Thus, jt
is necessary to take into account the spgcxﬁc character of bottom setzhments as the
environment, taking over a significant portion of the hydrocarbon contamination,

The sediments are a conservative system that‘ stores the information about a lot of
processes occurting in the water body, including the technogenic. Traditionally Jess
attention is paid to the organic pollutants in Russia, not to mention Persistent Organic
Pollutants (POPs) and polyaromatic hydrocarbons (PAHs), tha'f are potent carcinogens,
These substances are a kind of molecular markers reflecting pollution and self-
purification of the water reservoir, so they are an object of a careful study. Therefore, -
into the circulation was introduced the concept of aquatic geosystem [3] as a unified
space in which the components of water bodies are in the system communication with
each other. We can present such a unity in the form of the following system (Fig. 1).

Initial composition of PAHSs

r Water Suspensions i

A

Bottom sediments

A

A

Dissolved organic and | B P;anﬁ:i;lsl,
mineral matter l ; 'L en

v

Transformants

Fig. 1. Sediments as a nonequilibrium system

In Russia, the behavior of PAHs in the sediments of Arctic seas is mostly investicd :
where according [2] the significant variations of PAH concentrations was ﬁx?d-

(ba'ckground) ng/g to 7500 ng/g (area of Holocene coal-bearing deposits 8
Spitzbergen). In the areas of obviously expressed tekhnogenic influence (Kola E,,’ay)’
fixed total concentrations of PAH till 2500 ng/g. The highest concentrations

characteristic for the fraction 1-10 mi : in the
4 nanthrene
of PAHs. 0 micron with prevalence of phe

PAHs in water,

2 i iliza
Under the influence of the technogenic activity the mobiliZF

E)Tces?sar;;c;{, c}‘lemmal, organogenic) of substances in the solid, liquid and gaszo::

b \’?vater‘io ves f{ll t}le stages of the water cycle. The most important Sogcwi

wolecilar eservoirs is the atmospheric transfer on the solid particles. PATS iredl
weight are adsorbed on the solid particles and transferred on hun

thousand
S Sankclln;“:nthmany respects the sorption effects depend on the
€ organic component of the dispersion complex !
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matter The concentration of the organic component varies from 10 up to 70% and
depends on the meteorological conditions. The genesis of the organic component can be

- satural (fires, dust incoming) or technogenic,

pAHs are characterized by a very low solubility in water, and it decreases with an
ichrease of the molecular weight. The solubility of phenanthrene in the fresh water af
25°C is 1080 pg/dm” in contrast to that in the saline water 644 [6]. The solubility of
PAH correlates with a temperature: for phenanthrene in the fresh water it increase from
423 pgfdm:‘ at 8.5 'C up to 1277 pg/dm® at the temperature 29.9 °C. It can indicate the
more significant accumulation of PAH in the southern seas in contrast to the polar arcas.
Sorption on the sediments increases with increasing of salinity and decreasing of
temperature.

PAH on organic and mineral suspended matter. PAHs with relative high Henry's
constants (naphthalene, fluorene, phenanthrene) evaporate from the water first, PAHs
with relative higher molecular weights distribute between the water and solid (particles)
or colloid phases. So, the surface and the bottom waters of the Chesapeake bay contains
an average 8.71 ng/ dm® and 14.05 ng/ dm® of sum of suspended matter where sorbed 18
up to 86% of individual PAHs. The rest PAHs are associated with the dissolved and
colloid phases [6]. The common trend for the volumes of PAH, sorbed on the suspended
phase is an increase with the increasing of the molecular weight (from 17% in the solid
phase for fluorine up to 86% in the solid phase for benzo[k]fluoranthene). The near-
surface water with the common content of phenantrene 0.9 ... 4.9 ng/ dm’ contain 0.46
... 1.52 ng/ dm’® phenanthrene in the dissolved form; the near-surface water with the
concentration of the total bezo[a]pyrene 0.2 ... 0.5 ng/ dm* contain 0.03 ... 0.06 ng/
dm’ of dissolved benzo[a]pyrene. Thus, the main part of PAHs accumulates on
suspended matter and afterwards they are able to go into sediments. For Arctic and
Baikal lake this mechanism develops in a specific way: only a small amount of PAHs
¢ aredissolved in water and sedimented; the anomalies are possible in the locations of the

- natural discharge of the hydrocarbons or after the accidents. The accumulation is limited
- by low temperatures and small amounts of suspended matter with an organic
- omponent. The temperature variations create different flows of the matter
(suspensions) in space and time. Thus, occurs the disturbance of the dynamic
- quilibrium of the PAH’s concentrations in the system ‘water - sediment’ due to the
~ émergence of autowave processes from the outside.

'j :ﬂte second type of the fluctuations connected with this system is created due to the
- Internal microprocesses, ari sing in certain points - attractors inside of the system
 (interna] structurization). These processes are resulted by binding of the natural organic

¢olloids in the form of various compounds, for example with PAHs. These associations
- 4re caused also by solubility and concentration of slightly soluble hydrophobie organic
lances in a water phase and by the molecular mass of PAH.

*rj-"s' the major property of PAHs is their selectivity to the sorption on the solid

A ic or mineral) particles, colloids, in biomass depending on the construction of
~ M molecule, salinity and temperature.

importance are the processes of the removal of the dissolved (colloid) forms of PAH
-:,.;. Subsequent sedimentation to the bottom of water reservoirs and water currents.
g Into account the Jow solubility of PAHs in water (except of naphthalene), is
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possible to say that the processes of hydrolysis and crystalline Hﬂhinu-n“, I
account the exchange reactions) are no_t the ;‘)rcvalcm. At the high min‘émiirn'
waste water (for example, at the dumping of the hrpws with high cnm:cnlral;iqlul’n
petroleum products) is p0§sib]e th‘c tranﬁer ~of certain hydrocarhop, L‘ur?: of
(inclusive PAHs) into the disperse tcfr!n with further Co-precipitation ¢, the hnu
Taken into account the sorption capability of PAHSs, the presence of SUSpension ot
waste water promotes to the mechanisms of the natural flocculation (removg] 0: ;n
from the solutions). Therefore, their high concentrations in the water eny AHe

. 5 jru 5
including the water extracts from bottom sediments, are improbable, Nment,

akey i

This point of view is confirmed by the following example. According to M_ Yunl ;:_
all the PAHs with the molecular mass 228-278 was found in dissolved phase of I' 3
samples from the interaction zone of the delta area of the Mackenzie river (Beaum{._
Sea). The presence of the 4-6-ring PAHs shows, that the higher PAHs are transported jy
the dissolved form by the river, where they became more bioavailable compared tﬁ
water flow. In the river and on the shelf the total concentration of PAH in the disso]yd:
phase is ca. 1 ng/l, and it varies not significant from season to the season and a the
changes of the concentrations of the dissolved particles in the water column, In g
opinion, this is a very important conclusion, indicating that the formation of jop It
composition of river and of PAHs concentrations in natural waters has fundamenta]
differences. In the first case the total mineralization and variability of the chemical
composition (including biogenic components) in water are due primarily to the
solubility of compounds. In contrast, for the PAHs concentrations the presence of
dissolved organic matter, mechanical and organic suspensions, on that they migrate i§
cssential. Therefore, the explanation of the low concentrations of PAHs in water onlyas
a result of their low solubility is at less not legitimately. Thus, the position is confirmed,
that was suggested by the Russian researches: the near-delta areas are the margiqz'ﬁ?,
filter, able to precipitate almost all pollutants on the border “river — sea”. '

The role of plankton and benthos in the process of sedimentogenesis of PAH.
Bioaccumulation and microbial reduction of PAHs have a leading significance for the
quantities of PAHs in the bottom sediments. The accumulation of practically all _
of PAHs for the benthos is common. At the withering occurs the butiial with
preservation of accumulated substances, including the pollutants. For microbiologied
substances the recovery of chemicals in a weakly or substantially insoluble forms i
typical. Thus, plankton and benthos are the “accumulators” of PAH; they make &
significant contribution to the total pollution of bottom sediments.

PAH accumulation and bioaccumulation in the aqueous environment and in organ!
correlate inversely with the potential and ability of the hydrocarbons to metabol
well as to the chemical transformations. Nevertheless, the role of water deSP“el"

low solubility of PAH is very large in these processes, and determines the SCEH
character of their degradation in all environments. The role of the microflora s huge:
fact, it is the realization of self-purification mechanism of water bOd-‘ P
organization), that allows to create a fundamentally different approach o the ass

apd identification of impurities [1, 4]. Virtually all the hydrocarbons underg®
biodegradation.

PAH in the sediments, According to A.Yu. Opekunov [3], in techt_logeni‘f g:]l;
mainly the reduced forms of bitumoides; this indicates their naphtidogeni®
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wre petroleum _hydrocarbon_ contamination. Whep cpmpared with background values
fﬁatech“ogemc silts of the identical fractions (it is very important, because the
“:i orption capacity relative 0 many l?OlllltalltS of sediments depends on the mechanical
aco?n posiiion)a the bitumen concentrations were 4-7 times higher, and hydrocarbons - 6-
13 times. The pmpo;tn.)n of hydrocgrbons in Feclmogenic silts amounts to about 50-70%
a5 opposed t© 30-50% in uncontaminated pelites.

The final product of .the biodegradz_ltion of petroleum products (inclusive PAHs) in the
pottom sediments is carbon acid, which can connect with carbonates. These
compositions are low permeable and form an interlayer, which prevents the vertical
migration of mmsture.and thus, substances. This contribute to consolidation of the
mechanical and material structure of the sediments. In addition, sediment oxidation
roducts (oxykerites and huminokerites) also slow down the exchange between the

aqueous environment and the bottom sediments.

According tO the common accepted opinion, PAHs differentiate depending on the

genesis: for the pyrogenic objects are typically pyrene and benzo[a]pyrene;

naphtidogenesis 1 characterized by the accumulation and transformation of
| phenanthrene; for the biogenic objects are phenanthrenes, chrysenes and perilenes are
i reprcscntative. In the processes of the technogenic sedimentogenesis can be found
| practically all the isomers of PAHs, thus the assessment of their indication properties
| taken into account their stability in the environments is fundamentally important. At the
‘crease of the role of technogenesis, in the composition of PAHs of the bottom
sediments we can see the prevalence of the group of kinetic isomers, primarelly
benzo[a]pyrene, benzo[a]anthracene, anthracene and fluoranthene [4]. For the
identification of the origin of PAHs most wide used the indicator ratios of their
concentrations calculated for PAHS of the same molecular mass. These are isomers, one
part of them are considered as “kinetic” (more active) and another one are the
“thermodynamic” (more stable) [6]. The most wide distributed ratios (with the
respectively critical values) are the following:

- phenanthrene/ anthracene (Ph/ An): Ph/ An >10 — petrogenic; Ph/ An <10 — pyrogenic;

- anthracene/(sum of isomers with molecular mass 178), An/(Ph + An): An/( Ph + An) >

0,10 — petrogenic (diesel oil, shell oil, coal, crude oil); An/( Ph + An) <0,10 — pyrogenic

(lignite, emissions of diesel fuel and fuel oil etc.);

- fluoranhene/ pyrene, Flu/ Py: Flu/ Py > 1 — petrogenic (Yunker, 2002), Flu/ Py < 0,4—

petrogenic [5]; Flu/ Py < 1 — pyrogenic [6], Flu/ Py > 0,4 — pyrogenic [5];

- fluoranthene/ (fluaranthene + pyrene): Flu/ (Flu + Py) < 0,50 — petrogenic (most petrolem

products and products of their combustion); Flw/ (Flu + Py) > 0,50 — pyrogenic (combustion

of kerosene, grass, coal, wood; creosote);

. - benzo[a]anthracene/ benzo[a]anthracene + chrysene (triphenylene)), BaA/228:

BWZZS <O,20 = petrogenic; BaAfZZS > 0,35 (sometimes BaAfZZS > 0,50) =

| Pyrogenic;

hi“fieﬂﬂ(llﬁ-cd)pyrenea’ indeno(1,2 3-cd)pyrene + benzo[ghi]perylene, Ip/ (IP +
ghi): IP/ (IP + Bghi) < 0,2 - petrogenic; [p/ IP + Bghi >0,5 burning of grass, wood nd

coal, wood soot, creosote; 1P/ IP + Bghi < 0,5 fires in the savanna; products of

combustion of petroleum products and crude oil etc.

e
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»d different data about the com?cntratmt‘lsholt lh_ PAHs (the Epy kis
se ‘m egiments of creeks (with the division in the fractiong 0{.‘:_‘ N the
om 3 pOTES. bays and estuarine zones (total 57 samples), | iﬂff

b w1 1N ]

ter arcas of ¥ e . £ . -
these objects 1S different: from a minimum (the regjo, ot

kal)) to active influences (Taiwan, the area of the TN the Persian Gujp after fhe |
Baikal, n. which led to an environmental disaster in the |ate \Om:rlhe
- -~ .m.

I litarv a mSSiO i s %
Uti m:}l:_z;‘.m }&Of the examined samples minimum concentrations of PAHs are peagte.
:)0 ‘-J‘e \‘\ atér.ﬂ of the lake bottom sediments. Baikal: maximum - sedimepg fml

contaminated streams in Alabama (fraction of more than‘ 2800 m - large fragmeng o
organic origin). A part of the data are the concentration th P:%Hs in the sediments ofgh
va‘t'-ious fra;;tions (from 45 to 2800 microns). For all the tr:.lcnr:-ns and PAH \‘arieties
shown the decreased capacitive properties in the range L:T't 180-1400 m and two peaks P
1400-2800 with the sharp rise of concentrations on fractions of more than 2800 micropg
In the chemical composition there is a prevalence of 3,4-benzpyrene (40 to 2330 m
kg) and indenopyTene (from 0.9 to 1.774 ng / kg). Thus, the selective adsorption of
PAH traced depending on the size of polluted sediment fractions. :

We have u
samples of bott
size), rivers, W
of technogenesis o0

For the PAH indicator ratios also revealed the dependence of the values of the particle*
diameter. which indicates the need to consider the fractional composition of sediments
by using indicator ratios (variations are possible up to 1.4 times from the ac epted
critical indicator values). 3

Data analysis has shown that different indicator ratios informativeness is different and
not always is satisfactory. So, even the traditionally informative ratios Flu / (Flu+
and An / (Ph + An) do not allow confident distinction on pyrogenic and petrogets
groups. L

;c};denu'fy RO .Of Fhe gene-s-is and distribution of PAHs, as well as estimatipg

pring;}atlweness ) mdlcatm: ratios was used a multivariate statistical analysis.

i thgaws;‘;l’f’“eﬁt analysis was revealed the factor structure of markers and

substantiall ﬂ?: ol e 91?58(:“ of sampling. The principal component method 1@

(Flu+R y the same ability to recognize at such genetic markers as the Ph / Any
u) as well as BaA /228 and (Py + Flu) / (Chr + Ph).

A clearer ic divisi 3 i
genetic division of objects gives a diagram of factor scores in the plané

first two fa 5 o
PAH contc:t: f;sl;;:!;ﬁnnmg the presented arguments about the significant differe
lagram allows you to select a group of objects in ac¢C

the origin of PAH in sed;
of PAH (mt?i;:‘ﬂsedlmems, Quite clearly stood out the group of man-it
uence of the industrial port and the mouth of the heavily |

river in Taiwan, speci - i1 poll
fivers ang : m&c pollution in the Persian gulf region, locations of ol pol
Anomaloys” were the le?satt e : formed under the influence of ?torm
contaminated sites - lake sediments in the region

tently mfotmaﬁgzth&se indices showed that the analysis of mdl"'fiu:,lf,
calculation ' meﬂu;dsm objective are the conclusions on the bamsﬁon P
' o of integrateq ing; of multivariate data analysis. Anothef ot o

\ g R ons 0 o
COmpounds Indicators of origin of PAHs based on concentf‘*"““

ansition between the environments in the $
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Jlows 0 axtimate the rellability of approachen (o identification of the penests of ol
“ t“ \.
Im”ll"'l'"'

(‘"N('l-ll“““N

j contrast 1o (he existing (deas about sediments as the storage medium, the authors
consider them as nonsequilibrium geochemical wystem with a continuous

[ matter and energy between the components and nupersystenn,

pm]‘lnﬁt‘ o
gxehange 0
The complexity and fli\-'cmlly ol IFw processes of the genesis of sediments does not
allow touse the indientor ratios :wilhnut nopreliminary  assessment  of  their
informativiness and to translate nlm'lmnlcully the established boundaries (critical values
of ratios). For various geochemical conditions it 1s required to identify the relevant
indicator ratios of PAH, In HOMO CaNeN, it !'H impossible to unambiguously identify the
PAH in sediments a8 petrogenic or pyrogenic,
For the different natural and technogenic environments should be used the same
(universal) values of the indicator ratios, The attempts of the mechanical translation of
the presented above critical values for the identification of the genesis of PAHs in
different objects showed that in each cage 18 necessary to “customize” them individually
[6]. Moreover when interpreting the indicator ratios, it is necessary to make the
* adjustments and take into account the extraction and analyses methods, properties of the
medium being analyzed, the age of pollution, genesis of the source of PAHs, their
concentrations and behavior models, Otherwise, a very considerable distortions and
errors in determining the source of contamination are possible,

The maximal effect of PAH identification in sediments is achieved when considering a

complex of coefficients that must be optimized considering the informativeness of
* indicators,

Taking into account the possible number of space-time state of environmental

components and a variety of conditions and types of sources of exposure in the system

"dose - effect” it is necessary to make the corrections in the proposed indicator ratios
“depending on region and the environmental properties.

|
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