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Abstract: The paper discusses the problems of environmental pollution with harmful chemicals
and their adverse effects on ecosystem components. The main sources of harmful chemicals
discharged into the atmosphere air, soil and water basins are specified. Potential threats of toxic
organic compounds, heavy metals, radionuclides, as well as exhaust gases to both the natural
environment and living organisms are examined. In addition, the results of the author’s
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anthropogenic sources and effective methods to prevent their negative environmental impact are
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Introduction

Environmental pollution is aserious
concern in many industrially developed and
urbanized regions worldwide. The pollution
occurs due to physical impact as well
asexcessive amounts of chemical compounds
and biological agents in ecosystem that result
in the change of the natural pecularities of its
components.

The roles of the physical (mechanical,
radioactive, electromagnetic, thermal, sound
and light impact), biological (the impact of
biotic, micro- and macro-biological processes)
and chemical factors in the ecosystem
pollution are different [1-4].

Toxic hazardous wastes are defined as
containing chemicals posing substantial risk to
both human health and the environment when
improperly treated, stored, transported or
disposed. Scientific studies have shown that
these wastes have toxic, carcinogenic,
mutagenic, or teratogenic effects on human or
other life forms [5-7].

The majority of hazardous waste is
generated by the chemical

manufacturing,petroleum, and
processing industries.

According to the researches carried out
in this area, the chemical pollutants can be
divided into the following groups:

- oiland oil products;

- heavy metals and biologically non-

pesticides

degradable synthetic organic
compounds;
- biologically degradable organic
compounds;

- low toxic inorganic compounds (they
basically include inorganic salts);
- biogenic substances.

Oil and oil products are considered to
bemost priority pollutants due to their toxicity,
migration and accumulation ability. It is well
known that oil and gas resources development,
transportation and use are followed by release
of a large amount of hazardous substances into
the environment. Getting in the environment
these compounds change physico-chemical
and biological properties of soil, air and water
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systems causing negative impact on natural
biochemical processes [8, 9].

Problems of chemical pollution of the
environment concern all the industrially
developed regions worldwide including the
Absheron peninsula that have long been one of
the oil producing provinces of the world. The
substantial reviews of the environmental
effects of most dangerous chemical substances

to apply appropriate methods of their
prevention are of great importance. This article
provides extensive information on the adverse
effects of toxic chemical contaminants on the
ecosystem components, as well as the results
derived from the studies of chemical pollution
in an area that have been long-term exposure
to anthropogenic sources and effective
methods of prevention.

Materials and methods

The atmospheric air, soil, and water
samples used during the researches were
collected from the Absheron industrial areas.

Laboratory analyses were conducted
using the following methods:

- the total amount of oil hydrocarbons in
soil samples was determined by a gas

chromatograph flame-ionization
detector (GC-FID), the amount of
polynuclear aromatic

hydrocarbons(PAH) was determined
by the gas chromatograph-mass
spectrometer (GC-MS), and the
percentage of oil by termo-graphic
method;

- the analysis of most heavy metals (As,
Ba, Cd, Cr, Cu, Fe, Mn, Pb and Zn)
was determined in inductively coupled
plasma optical emission spectrometer
(ICP-OES) after treatment with nitric

acid in a solid microwave oven.
Atomic fluorescence method was used
in the determination of mercury (Hg);

- phenols were  measured  using
photometric method,

- the amount of radionuclides was
determined by gamma-spectrometer;

- chemical oxygen demand (COD) in
water samples was determined by
bichromate method with colorimetric
measurement;

- the analyses of CO, NOy and SO, gases
in atmospheric air were conducted in
Testo-305 device, the amount of
hydrogen-sulfide (H2S) was
determined through reacting with Na-
arsenite and Ag-nitrate forming Ag.S
and the amount of dust by gravimetric
method.

Results and discussion

Both anthropogenic and natural sources
are responsible for environmental pollution
during oil-gas operations. Crude oil, natural
gas, produced water and rocks are natural
sources of environmental pollution [10].

Oil has very complex chemical content.
It constitute of alkanes, cycloalkanes,
hundreds of unsaturated aliphatic and aromatic
hydrocarbons as well as heteroxyclic
compounds containing little amounts of
nitrogen, oxygen, sulphur, metals and
radionuclides [ 11,12].

All factions of crude oil have certain
amount of trace elements. From the ecological
viewpoint, they are divided into two groups:
toxic and non-toxic. Among them Si, Fe, Al,
Mn, Ca, Mg and P are low toxic
microelements. V, Ni, Co, Pb, Cu, As, Hg and

Zn have negative impact on biocenosis at high
concentrations [13]. About 10°% toxic metals
and halogens are found in the asphaltene-tar
fraction of oils. Some of metals are in the form
of salts of organic acids, and others in the form
of chelat complexes.

Among other natural pollutants,
produced water is more hazardous for the
environment. ltcontains various ions, oil and
dissolved gases,such as CO,and H,S. Both the
oil polluted rocks and produced watercause
pollution of the environment, first of all soil
cover. The rocks obtained from oil extraction
may constitute of 1-5% even 10%
hydrocarbons. Depending on the pollution
level, they can form complex substances with
Fe and Al ions and various soluble complexes
thus leading to the depletion of important
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minerals in soil. Light fractions of utilization of the contaminants.
hydrocarbons easily migrate to deeper In the environment, oil hydrocarbons

sections of soil, and therefore, increased
content of heavy fractions are accumulated in
the upper layers. The heavy fraction of
hydrocarbonsare toxic and degrade
difficultly[14].

Drilling solutions and drill cuttings are
by volume the largest anthropogenic waste
discharged when exploring and development
of oil fields. Besides, man-caused pollutants
include also water-oil emulsions, corrosion
inhibitors, surface active agents, Ca (NOj3),,

Mg (NOs),;, HCI, KCI, NaON, NH4ON,
various polymers and mechanical mixtures,
etc. [10, 15].

The hazardous pollution level of any
toxic substance in ecosystem is determined
according to its generally accepted maximum
permissible concentration (MPC). MPC of oil
and oil products(including diezel fuel, heavy
oil and kerocene, etc.) in soils has not been
identified up to the present time. Qil pollution
level of soils is evaluated through comparising
with its background concentration (BC) for
concrete  territories.  The  geochemical
background level of oil hydrocarbons in soils
IS accepted to be within 0,01-0,05 g/kg in the
European countries and 100 mgkg(i.e. 0,01%)
for the soils of oil producing territories of
Russia and Azerbaijan [16, 17].

It is important to study self-purification
processes when conducting researches on the
hazards of oil pollution to the environment or

are subjected to various changes depending on
local conditions. Microbial degadation of
hydrocarbons occur under microbes influence.
However, microorganisms activity is very low
in the oil polluted soils. Therefore, the
microbial degradation of such light fractions of
oil as n-paraffins, phenols and thiols,
etc.proceed very slowly. The asphaltene-tar
fraction of oil is more environmentally
dangerous, because  of  their  non-
biodegradability [18].

Table 1 presents the results of our
studies on soil pollution carried out in the
territory of anoil production enterprise. The
data have shown that the pollution of soil by
organic products is changing in a wide interval
within the study site. The contents of total
petroleum hydrocarbons (TPH) in some areas
are variable from 0.78 to 26.9 %, against the
BC.There were several supressed oil wells in
the study territory. Despite that the wells
supressed many years ago, the territory was
continuously subjected to oil spill, drill
cuttings and other pollutants that resulted in
the accumulation of a huge amount of
hydrocarbons in soil. As can be seen from the
table, concentration of hydrocarbons exceeded
BC in all samples. Studies showed that the
amount of oil products was gradually
decreasing, reaching 0-3.23% at a depth of 1.5
m. At the same time, increased levels of PAH
and phenols was recorded in the majority of

to the population health. Self-purification is samples during the studies.
understood as a whole of natural processes that
lead to the degradation, transformation and
Table 1. Contents of organic pollutants in oil polluted soils
Soil Site 1 Site 2 Site 3
samples | TPH, | Phenols, | PAH, | TPH, | Phenols, | PAH, | TPH, | Phenols, | PAH,
% mg/kg | mkg/kg | % mg/kg | mkg/kg | % mg/kg | mkg/kg
1 20.6 | 0.081 | 0.0011 | 9.6 0.052 | 0.0021 | 8.8 0.042 | 0.0013
2 9.7 0.047 | 0.0014 | 185 | 0.084 | 0.0032 | 17.2 | 0.076 | 0.0017
3 9.9 0.049 | 0.0012 | 19.3 | 0.081 | 0.0029 | 13.9 | 0.043 | 0.0015
4 9.5 0.048 | 0.0008 | 9.8 0.049 | 0.0020 | 17.1 | 0.075 | 0.0018
5 10.0 | 0.050 | 0.0007 | 23,6 | 0.087 | 0.0034 | 13.6 | 0.042 | 0.0016
6 5.7 0.037 | 0.0005 | 8.7 0.044 | 0.0017 | 5.3 0.081 ND*
7 2.3 0.023 | 0.0003 | 20.0 | 0.083 | 0.0030 | 18.9 | 0.080 | 0.0028
8 0.8 0.016 | 0.0002 | 24.7 | 0.086 | 0.0036 | 22.8 | 0.076 0.030
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| 9 | 98 | 0062 | 0.0033 | 26.9

| 0.088 | 0.0035 | 20.8 | 0.078 | 0.0028 |

*Note: ND- compound not detected or below instrumental direction limits.

As it was mentioned above, the
asphaltene-tar fraction of oil containthe most
toxic environmental pollutants — heavy metals.
Potential threat of heavy metals to ecosystem
components, especially to human health, is
associated with two factors: high toxic impact
on living organisms at low concentrations and
bioaccumulation abilities. Many of them like
Hg, Pb, Cd, Cr, Zn and Cu can be very toxic to
the ecosystem. Heavy metals are mainly
gathered in soils and bottom sediments.
Concentrated in soils heavy metals can be
adsorbed and accumulated in different parts of
plants through root system. One of the major
global problems of the present days — acid
rains can wash heavy metals from soil rocks
into lakes, rivers and bays. Majority of heavy
metals have strong affinity for sulfur and
disrupt enzyme function forming bonds with
sulfur groups in enzyme and may eventually
kill fish, birds and mammals. Being interacted
with other components of ecosystem, soil
becomes the main source of most heavy metals
entering human organism [19].

The negative effects of heavy metal
contamination areviewed as global concern.

The results of researches dealing with the
impact of oil contamination on the soils
microbiological  peculiarities and plants
showed that the cereals cultivated in these
soils contain high quantity of Pb, Cd, Fe, Ni,
Zn and Cu. In comparision with non-polluted
soils, the number of heterotroph bacteria is
89% lower in oil polluted soils. It was revealed
that high concentration of heavy metals in the
oil polluted soils not only affects the plant
quality, and also reduces the number and
activity of microbes [20].

The results derived from our studies on
the heavy metal pollution of soils in one of the
oil polluted area are presented in Table 2. The
results indicate that the amount of Cr, Cu and
Zn in several samples exceeded their MPC and
BC. Despite the fact that the level of Ni in all
samples was increasingly higher its MPC, it
exceeded the BC only in one site. The
concentration of Hg exceeded its BC in two
samples. The lowest values were recorded for
Cd throughout the study site that can be
attributed to the lithologic composition of
soils.

Table 2. Concentration of heavy metals in oil contaminated soils

Soil samples Heavy metals (mg/kg)

Cd Cr Cu Ni Hg Zn

1 029 | 776 | 67.8 | 79.0 | 0.0450 | 66.2

2 0.15 | 59.1 | 39.7 | 485 | 0.0082 | 15.8

3 0.27 | 635 | 354 | 56.2 | 0.0059 | 745

4 0.20 | 47.2 | 176 | 53.8 | 0.0062 | 102

5 0.42 | 815 | 159 | 71.7 | 0.0436 | 34.1

6 0.57 | 113 | 455 | 69.8 | 0.0080 | 19.6

7 034 | 655 | 161 | 115 | 0.0310 | 224
MPC(mg/kg) 1.0 6.0 30 | 4.0 2.1* 23
BC (mg/kg) 3.0 40 100 | 100 0.4 70

*Note: MPC of 2.1 for Hg is accepted for the areas away from residential areas

Usually, the water produced during oil
extraction constitute of the water soluble
fractions of oil — the aromatic fractions boiling
at low temperature and alkyl phenols [21].
Oill and oil products are exposure to a number

of processes when getting in water system.
These processes result in their degradation and
transformation to other products. First of all,
the valotile fraction of oil evaporates. This
processis  itensified by the ambient
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temperature, wind speed and water flow. The
evaporation reaches 60% at 6-8 m/s wind
speed.Water solubility of oil increases
depending on the water temperature (>3°C).
Increased content of paraffin hydrocarbons in
oil decreases its water solubility. A part of
hydrocarbons form a thin film on the water
surface or emulsion and the remaining part
accumulate in the bottom. A huge amount of
hydrocarbons accumulate in bottom sediments
because of their non-degradability in anaerob
condition [22]. Accumulated in the bottom
sediments of water basins they can migrate
into deep sections of soils in surrounding areas
(Fig. 1). Self-purification of oil polluted water
occurs by evaporation, chemical oxidation and

5000
4000 +-
3000

PAH.na/a

microbial degradation. The researches of
specialists suggested that during oil spills
about 12% of oil can be reduced by
evaporation at 2-5 °C and 25% of oil can be
reduced at 22-25°C within three days [23].
Microbiological degradation of cycloalkanes is
more difficult compared to n-alcanes.
Microbiological degradation of aromatic
hydrocarbons is longterm process depending
on the numbers of nucleus. Aromatic
compounds having three or more condensed
nucleuses are very persistent to the microbial
influence. Compared to other aromatic

hydrocarbons, the degradation of naphthalene,
toluol and ethyl-benzene proceeds more easily
[24, 25].

Fig. 1 Change of PAH content at different depths of sampling well around the oily lake

Among other oil hydrocarbons PAH
are especially dangerous for ecosystem. PAH
are also obtained during the wuse of
hydrocabons and other carbon containing
fuels. PAH released into atmosphere due to
fossil fuel burning spread over long distances.
The most dangerous for human health PAH —
bezo(a) pyren is mainly found in exhaust
gases.

The are a series of researches in the
field of PAH formation, their persistence and
potential impact on ecosystem. PAH pollution
occurs during oil production and also burning
conventional fuels in oxygen deficit
environment. Along with natural sources,
heating systems, energy stations using
petroleum and carbon fuel and exhaust gases
are major anthropogenic sources of PAH.
Getting in  atmosphere  from  various
athropogenic sources, PAH form suspended

particles that can spread to large territories and
transform to other pollutants through
photochemical reactions.  Further, these
pollutants return to the earth surface and
accumulate in soils and bottom sediments of
surface waters [26, 27].

PAH are activated under solar
irradiation. Photoactivated PAH molecules
directly damage skinor result in the formation
of oxygen radicals causingmore threat for all
alive organisms. Having m-bonds in thier
structure, PAH are the most dangerous
photoactive  pollutants. The works of
specialists confirm that hydrocarbon and
heavy metal polluted sediments create serious
hazard to aquatic communities[28].

In large cities, exhaust gases and
industrial discharges are the main sources of
atmosphere pollution. Exhaust gases are rich
in CO,, CO, water steam, NOx and heavy
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metals. Depending on conditions, from 100 to

170 chemical compounds including aliphatic,
alicyclic and aromatic hydrocarbons can be
found in exhaust gases.

Carbon-monoxide (CO) produced as a
result of fossil fuel burning under oxygen
deficit condition is very dangerous for human
life. In human organism, CO connects with
haemoglobin  in  blood forming CO-
Haemoglobin that disturbs the oxygen transfer
and normal function of blood.

The researches carried out along the
transport roads have revealed the
accumulation of heavy metals and
cancerogenic PAH, especially benzo(a)-pyrene
(CaoH12), in soils at 10-20, even 100-200 m
distances. It is a known fact that the

accumulation of contaminants in plants, soil
and water basins lead to various unfavorable
consequences[27, 29] .

As a result of the use of fossil fuels
including natural gas, oil and oil products and
coal SO,, NO, CO; and CO are released to
atmosphere.  Usually, sulphur containing
products — SO,, H,S and H,SOjare observed in
the discharges of oil-gas refining and thermal
energy stations. Transport, energy stations and
industrial enterprises are the anthropogenic
sources of nitrogen compounds — NO, NO,
HNOs3.The results of our recent observations
on the Absheron industrial region have
revealed increased concentrations of some of
the abovementioned gases in atmosphere air
(table3).

Table 3. The content of atmosphere pollutants in industrial area

Samples Pollutants, mg/m®

SO, (6{0) NO, H,S Dust

1 0.67 4.5 0.136 0.010 0.190

2 1.05 3.8 0.150 0.009 0.156

3 2.10 3.6 0.095 0.007 0.210

4 0.70 7.3 0.170 0.010 0.128

5 0.30 2.9 0.085 0.009 0.143

6 1.20 6.1 0.090 0.006 0.208

MPC, mg/m’ 0.5 3.0 0.085 0.008 0.16

Emmission of SO, and NO; to intensify their growth, while decreasing

atmosphere cause one of the global problems
of today - acid rains. 80% of SO, gas are
emitted to atmosphere from thermal energy
stations, industrial enterprises and heating of
buildings [26].

The environmental impact of nitrogen
oxides has been ignored for many years and
has not been properly evaluated. As it was
already mentioned above, major part
0fNOygases is released from stationary sources
using conventional fuel. 95% of nitrogen falls
into atmosphere in a form of monoxide —NO
and than oxidizes formingNO,. The effect of
nitrogen oxides on ecosystem occurs by the
following three ways:

1. NO and NO, gases penetrate into the
plant body through the pores of cells and

stability to  other factors. The
experiments conducted on the plants
growen under NO, and Oz (ozone)
conditions showed that the combined
effect of these gases is more harmful
than their individual effects.

2. In troposphere, gaseous hydrocarbons,
ozone and nitrogen oxides (NO, NO,)
are interacting under solar irradiation

and form secondary pollutants -
photochemical ~ products.  Olefines,
benzo(a) pyrene, aldehydes, o0zone,
peroxyacetyl  nitrate  (PAN) and
peroxyibenzoil nitrate (PB,N) and
photochemical ~ smogare  pollutants

formed
reactions.

as a result of photochemical
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3. The 3rd environmental effect of
NOxgases occur through their interaction
with water in atmosphere forming acid

rains.
The impact of acid rains on ecosystem is
associated witha number of negative

consequences as the increase of theacidity of
lakes and ground waters, damage and
destruction of plants, deforestation,
deterioration of constructions and corrosion of
metal structures, etc. The increase of acidity in
water basins result in the accumulation of
toxic heavy metals, especially Hg, in fish
organism causing serious threat for human
health.

All the activities related to the
production and use of energy resources lead to
the pollution of atmosphere by greenhouse
gases — CO;, CH,4, H20 steem, N,O, ozone,
halogenated  hydrocarbons and  sulfur-
hexafloride (SFs )resulting in climate change
and ozone layer depletion.

Ozone layer is characterized by its two
important effects. In one side it absorbs UV
beams protecting the Earth from harmful
impact of the solar radiation. Therefore, ozone
layer depletion causes serious concern
worldwide [30].

The second effect of ozone layer is that
when absorbing UV beams it heats
stratosphere which results in temperature
inversion. By this way, ozone restricts the
vertical movement of pollutants facilitating
their distribution to large territories. In
addition, atmosphere ozone significantly
influences corrosion processes. Ozone has
destructive influence wupon organic and
inorganic materials. It destructs double carbon
links in organic materials that weaken their
endurance .

Among the chemical pollutants,
chlorinated compounds  of  aromatic
hydrocarbons are most dangerous for

ecosystem. They are polychlorinated biphenyls
(PCBs), dibenzo-p-dioxins (PCDDs),
dibenzofurans (PCDFs) and related
compounds [31]. PCBs are one of the widely
distributed contaminants of ecosystem. In
ecosystem, PCBs exist as complex mixtures
changing the amount of individual
components depending on both the time and

natural environment. Being released into the

environment, these compounds
undergovarious changes and form the
substances differing from initial technical
mixtures. Therefore, it is difficult to

determinethe PCBs risk relatingto ecosystem
components. Many years, environmental
impact of PCBs has attracted the attention of
scientists [32, 33]. Plastic materials, dye
manufacturing enterprises, hydraulic liquids
and energy generators are the main sources of
PCBs pollution. PCBs persist in ecosystem for
many years. They accumulate in living
organisms dissolving in fats. PCBs have
middle valotility (25°C-do 102 — 10 Pa) and
vaporize slowly at room temperature. Their
evaporation sharply increases at high
temperatures. The character of distribution of
PCBs pollution in the territory can be explaned
by the evaporation of chlorinated organic
compounds from polluted surfaces in hot
seasonsand transportation in a form of aerosols
to large distances with dust or atmosphere
precipitations, and also by their migration in
the polluted areas through sewage, surface and
ground waters. Hence, the human organism
can become a final accumulation place of the
PCBs cycle in ecosystem. PCBs belong to the
category of persistent artificial organic
substances (POPs) characterised by high
accumulation capability. PCBs polluted
environment causes potential hazards for
human health including cancerogenic effect,
diseases  of  respiratory system and
childlessness, etc. Burning of PCBs at a
temperature below 1000°C results in the
generation of more toxic compounds such as
dioxins and furans. Dioxins getinto the
environment with exhaust gases and during
incineration of domestic waste, medicals and
sewerage slags. It should be noted, that getting
in the natural environment dioxins intensify
toxic effects of many pollutants, especially Hg,
Pb, Cd and other heavy metals, pesticides and
metabolizm products of medicals leading to
the mortality of valuable fauna species [33].
Industrially developed regions are also
characterized by radioactive  pollution.
Radioactive pollutants can be of natural and
anthropogenic origins. Radioactive elements
that are found naturally in the Earth
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environmentare: *®U, #°U, #°Th series and
their respective decay products, as well as “°K.
Naturally occurring radioactive materials
exist in soil, water, plants, animals, human,
coal, lignite, petroleum, phosphate ores,
geothermal waters and wastewater, etc., in
small but varying amounts almost everywhere.
Subjected to various technogenic processes,
the natural radionuclids may change their
physical state and pose a threatto all ecosystem
components.

Over 30 radio-izotopes of chemical
elements can be found in the aerosoles of large
industrial cities. It is possible to determine
their sources according to the izotope content
of the aerosoles. The researches of the
specialists have revealed ®°zn, “’Ca, *'Ce,
¥'W and*K in the atmosphere dischages of
tar manufacture, and *Rb, **'Ce, ®'Hf, 1""Lu,
283pa and™'Cs in the aerosoles released from
asphalt-concrete manufacture and " Se,
76AS,177LU, 203Hg, 181Hg , 233Pa, 187w, 51cr in
the discharges of thermal energy stations [34].
Majority of these aerosoles affectthe pollution
of soil and plants insignificantly. However,
their presence in food products is undesirable.

Thus, all processes based on the use of
materials containing radioactive substances are
the sources of risk to ecosystem components,
particularly to human health. From this
viewpoint, the territories near to nuclear
energy stations are exposure to great danger.
According to experts’ evaluation, as aresult of
the accident happened in 2011 in Fukusima
station 150 x 10" Bk **'1 and 6-15 x 10" Bk
137Cs were released to atmosphere [34].
During the studies carried out by the Russian
specialists on technogenic pollution in the
Muravyov-Amur peninsula that is situated
near to Fukusima station it was revealed
thatcompared to early years the content of Cu
and Pb exceeded MAC by 2 times, the content
of other metals increased by 8-32% andthe
amount of **'Cs waste reached 30-300 kBk/m?
[35]. The studies of the Japanese specialists
revealed increasingly high levels of **'Cs
pollution ranging from 600 to 3000 kBk /m? in
the soils of the territory where the accident
happened [36].

The activities associated with the
production and use of conventional energy

resouces are potential sources of radioactive
pollution.

Beginning from early XX century,
radioactive pollution related to oil-gas
activities have been studied worldwide,
including USA, North Sea oil provinces,
Canada, Australia, Egypt and Saudi Arabia,
etc. [37-39]. The pollution of natural gas with
radon has been known about 100 years ago.
The produced water includes several
radioactive elements, particularly radium-226
(Ra-226) and radium-228 (Ra-228). Radium

is a product of the decay of natural
radionuclides contained in rocks such as
uranium (U) and thorium (Th). The

concentration of Ra in the produced waters is
higher than other radionuclides due to its water
solubility. The researhes indicate, that as a
result of U and Th decay Bi-212, Bi-214, Ac-
228, Pb-210, Pb-212 and Pb-214 can also be
found in the produced water. However, their
impact on the environment is not signifcant,
because their low activity in ecosystem in
comparision with Ra.In order to prevent
radioactive pollution during offhsore oil-gas
operations, special regulatory limits were set
by the European Commission for radionuclide
pollution. According to this regulation,
permissible levels for °K, ,**°Ra and “**Th are
accepted to be 100 Bk/g, 10 Bk/g and 1 Bk/g,
respectively [40].

Laboratory analyses confirmed U, Th
and Rapresence in the oil and produced water
samples of the Absheron oil fields. The early
researches of specialists showed that the
quantity of U is higher in methane-naphtene
fraction of oils compared to paraffin-aromatic
fraction and there is a genetic relation between
the radionuclide composition of oil and
produced water.The results of researches
indicatethat the amounts of Ra and U in the
upper part of the highly mineralized
productive layer of the Absheron oil fields are
higher than in the lower part characterised by
alkaline waters [41, 42].

The studies carried out on the oil
industrial territories revealed radionuclide
pollution in soils, surface waters and bottom
sediments [43, 44].The ecological
monitorings of the last years have recorded the
presence of natural and artificial radionuclides
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in soil samples collected in the vicinity of oil

fields (table 4).

Table 4. The content of radionuclides in oil polluted soils

Radionuclides, Bk/kg™
Uranium series Thorium series artificial | K
234Th ZlOPb 214Pb 214Bi 214Bi 208T| 228AC 241CS
46+10 | 369 3243 33+2 | 32+1 | 363 41+4 3.5+0.8 | 741+22

The ways of preventing the
ecosystem pollution by harmful chemicals

During preventing the environmental
impact associated with oil, oil products and
other chemicals pollution the main attention
should be paid to the use of the effective and
readily available materials, while developing
cost-effective techniques sufficiently simple in
terms of the technological process.

A number of mechanical, physico-
chemical, chemical and biochemical methods
are used for the purification of oil polluted
waters.

Among the physico-chemical methods,
the adsorption method is widely applied due
to its efficiency and possibility of achieving
the necessary level of the pollutants removal.
Plant and mineral based natural adsorbents,
viskose, hydrated cellulose, synthetic fibers

and polyurethane foams,etc. are used in
adsorption methods [45].
Sufficient amount of  resources,

cheapness and non-toxicity provides great
opportunity for the application of natural
adsorbents. Despite the low adsorbtion
capacity of natural adsorbents, the above
mentioned features confirm their advantages
compared to synthetic materials. Some of
synthetic materials, for example polyuretane
foam is capable of adsorbing oil and oil
products from water in the amount of 20 times
more than its mass. When adsorption process
is finished plastic foam can be recovered
mechanically or washing with solution and
repeatedly used [46]. It should be noted that
like other sunthetic materials, the toxicity of
plastic foams limits their use.

The main advantages of porous textiles
and thermoplastic polymers treated with
hydrophobic materials are in their high
adsorption capacity with respect to oil and
repeatedly use after regeneration. Their

microbiological degradation during storage
and wuse in filteringmaterials are main
inadvantages of these materials.

Analysis of literature showed that the
use of fibers prepared on the basis of
thermoplastic waste (polyethylene,
polypropylene and etc.) is expedient for this
purpose. Depending on the method of
preparation, such type of adsorbents can have
50-70% of their initial adsorbtion capacity
even after 10-15 phases of repeatedly use [45].

The modified adsorbents having low
specific weight and high adsorption capacity
are used for water purification during the last
years. Composition based on the poliethylene
and polypropylene processing wastes and
aged rubber tires as well as biopreparations
consisting of wvarious oil oxydizing
microorganism, biosurfactants and biogenic
compounds were proposed for the oil polluted
industrial waste water treatment [11, 47] .

One of the aims of our early researches
was to develop an effective method of water
purification from oil pollutants. The principle
of the method was the use of a new adsorbent
consisting of linear cyclopentadiene oligomer
(CPDO) having the molecular weight of 4000—
5000. The adsorbent was synthesized by
oligomerization of cyclopentadiene obtained
as  by-product at  ethylene-propylene
production plant in the presence of the Lewis
acid catalytic system. In order to make the
oligomer floatable and hydrophobic, it was
treated with a 5%  solution  of
polynorbornylacrylate.

The adsorption capacity of CPDO was
studied using the solutions prepared by adding
oil from different oil fields of the Absheron
peninsula and the adsorbent to the distilled,
fresh, and sea water. The adsorbent was used
in the form of powder with 0.78 g/cm?® its
specific weight.
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According to the results of experiments,
1 mg of the adsorbent adsorbs from the
distilled, fresh and sea water about 5, 6, and 7
mg of oil, respectively. The results showed
that when the duration of the CPDO contact
with oil increases from 10 to 30 min., oil
adsorption increases from 20 to 34.8 %.
Further increase of the contact duration does
not result in the adsorption efficiency. This
implies that the optimal contact duration of the
adsorbent with oil is 30 min.

The  regeneration  of  adsorbent
performed with the petroleum ether. The
adsorption capacity of CPDO after its
regeneration was 6.1 g (i.e. 87.1%).

On the basis of mathematical statistical

study of the experiment results, a regression
model was developed to determine the optimal
regimes of the process.According to the
model, the optimal values of key parameters
was determined as following: process duration
=30 min.,, CPDO quantity —-1mg and the
quantity of oil — 5mg that corresponds to the
maximum removal of oil from water — 98%.
The studied CPDO adsorbent was tested
in laboratory conditions for the purification of
oil polluted water samples in the territory of
oil and gas fields [48]. Stations for sampling
were selected in discharge channels and lakes
in the territory of oil and gas fields, as well as
in the coastal part of the Caspian Sea. The
results of laboratory tests are shown in table 5.

Table 5.The results of oil polluted water purification using CPDO
(CPDO quantity — 2 mg, duration — 30 min.)

Sampling Oil quantity, mg/I
stations
before treatment after treatment
1 2.6 0.0
2 15.9 4.08
3 0.73 0/0
4 5.1 0.3
5 1.2 0.0
6 15 0.0
7 7.6 1.1
8 0.5 0.0
9 80.0 54.2
10 6.4 0.9

The results of the laboratory tests
showed that CPDO is not water-soluble and no
changes occur in its chemical composition
during long-term storage. It was established
that in case of burning the adsorbent with
adsorbed oil no carcinogenic substances were
formed. No negative effect of CPDO on
aquatic organisms (hydrobionts) was recorded
during the laboratory tests conducted in the
institute of Physiology of AS.

The examined adsorbent CPDO can be
used for purification of lakes, seas from oil
and oil products and also in the local water
treatment in oil refineries.

In the recent years, the use of so called
advanced oxidation processes (AOP)for the
decontamination of toxic chemicals such as

heavy metals, oil and oil products, persistent
organic pollutants including pesticides, PCBs
and other chemicals attracted great interest of
specialists engaged in this field. AOP degrade
the organic pollutants into harmless substances
under moderate conditions.

Photocatalysis is one of these
processesin which the catalyst changes the
speed of chemical reactions under the light
effect [49]. Despite some lighting costs,
photocatalytic removal of organic pollutants
from wastewater has considerable ecological
and economical advantages over conventional
methods in long-term application [50, 51].
Semiconductors are the substances used in
photocatalysis. Due to their electronic
structure, which is characterized by a filled
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valence band and an empty conduction band,
semiconductors (metal oxides or sulfides) can
act as sensitizers for light-induced redox
processes. Among the various nanomaterials
used for photocatalysis titanium dioxide—
TiO, is the most usual one due to its
availability and high stability[52]. TiO, exists
in three crystalline modifications: rutile,

anatase, and brookite. TiO, is a semiconductor
with a band gap energy Eg of 3.2 eV. If this
material is irradiated with photons of the
energy > 3.2 eV (wavelength A< 388 nm), the
band gap is exceeded and an electron is
promoted from the valence to the conduction
band. The consequent process is the charge-
carrier generation:

TiO, +2hv > 2e +2h'
H,0 + 2h+— 1/20,+ 2H"

We investigated photocatalysis method
for detoxification and removal of organic
compounds from industrial wastewater and oil
polluted soils. Two types of TiO, catalyst
were used in the experiments: TiO; having a
size near to nanoparticles (about 3 - 4 microns)
and the nanostructured TiO; .

The experiments were carried out in
laboratory conditions using industrial waters
having different composition of organic
pollutants. Initial laboratory tests were

R

where, [COD]0 and [COD]t are the initial and
at any irradiation time COD values.

The first series of experiments were carried
out with wastewater having an initial value of
COD 8000 mg/I using TiO, catalyst with a size
near to nanoparticles. The dependence of
organic pollutants degradation on both the
catalyst concentration and the process duration
were studied.

The experiments were carried out in a
cylindrical vessel with the capacity of about
500 ml located on the magnetic mixer to
provide well-mixing of the catalyst and
wastewater. A visible lamp of 300 positioned
at a 15 cm distance above wastewater was
used as light source.

The results of experiments conducted

conducted with oil industrial wastewater. The
samples were collected from the territory of oil
production enterprises. To evaluate the
degradation rate of organic compounds
chemical oxygen demand(COD) was measured
before and after each experiment.

Based on the data derived from
experiments, a removal efficiency—R of
organic pollutants was calculated according to
the following formula:

_ [coD], +[coD;
CODg

With 0.002, 0.005, 0.1 and 0.5 mg of TiO;
catalyst have shown that the value of COD
was reduced from 8000 to5760 mg/l. About
40% of organic pollutants degradedwith 0.5 g
of TiO, within 120 min. duration of
photocatalysis. The experiments have shown
that further increase of TiO, concentration did
not significantly change the COD value.

The next stage of studies was
conducted to find the influence of
photocatalysis duration on the degradation of
organic compounds using the wastewater
sample obtained from the last experiment, i.e.
having COD of 5760 mg/l and at constant
concentration of the catalyst — 0.5 mg. The
results are presented in table 6.

Table 6. Effect of photocatalysis duration on COD reduction in oil polluted

wastewater
Time, minute TiO,, ¢ COD, mg/I
120 0.5 5760
180 0.5 4530
240 0.5 3800

CHEMICAL PROBLEMS 2019 no. 4 (17)




H. Kh. KHALILOVA 511
300 0.5 3600
360 0.5 3200

The data derived from the experiments
show that the process duration influences COD
reduction to some extent. The value of COD
was reduced from 5760 to 3200 within 360
minutes, i.e. 6 hours. Overall, no significant
reduction was observed in COD value of
industrial wastewater during the experiments.
This can be attributed mainly to the low
degradability of some hydrocarbons by TiO,
with 3 - 4 microns particle size. Only 60% -
65% removal can be achieved with this type of
TiO, catalyst during 6 hours illumination.
Another part of experiments was carried out to
study the effect of nanostructured TiO;
catalyst (with a size of 15 nm) on the removal
of organic compounds from water. The

samples were collected fromthe wastewater
stream of an olive oil production factory.

Two types of light source including an
UV light lamp and a 50 watt visible light lamp
were used in the experiments. Figure 2
illustrates the calculated values of R under
different light sources.

As can be seen from Fig. 2, high
degradation of organic pollutants is achieved
in the presence of visible light, especially
within 60-120 minutes of illumination. Thus,
the use of TiO, nanoparticles in photocatalytic
process allows better adsorption of organic
compounds on the catalyst surface facilitating
their effective removal from wastewater [53].

1,2

1 )/.
0,8

/

——UV light

- Visible light

Time, minute

0, | /"/‘
0,4 /
0,2 .
0 T T T T 1
15 30 60 90 120

Fig. 2 Removal efficiency of organic pollutants using TiO, nanoparticles under UV and
visible light irradiation

The studies carried out with TiO,
particles 3-4 microns in size demonstrated low
degradation of organic compounds under 6
hours duration of photocatalytic process. The
results have shown that 99% removal of
organic pollutants can be achieved with the
use of TiO, nanocatalyst within 120 min.

Along with the advantages of the use of
nano technologies, there are a number of
studies related to their negative impact on

ecosystem and human health. The wide scale
use of nano particles in the production of food
staff and medicals can cause serious disasters
for living organisms because of their
interaction with biological molecules.Besides,
during the use of nanosized (1-100 nm)
particles they can be accumulated in organism
through respiratory organs resulting in the
occurrance of some disseases [54, 55].
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It is therefore important, to take certain
preventive measures before the application of
Ti0O, nanoparticles .

During the cleaning of soils
contaminated with organic compounds by
photocatalysis CO, and water are produced as
a result their oxidation. The studies of
specialists showed that little amount of TiO; in
soils intensifies the take up of nutrients by
cereals. The researches have proved that the
presence of CO, and TiO, in soil in certain
ratio increase cereal fertility [56].

In our studies on oil polluted soil
clening we used for the first time TiO;
catalyst having a size near to nano particles
like in the previous experiments carried out for
organic polluted wastewater treatment. Soils
constituting of about 20% petroleum
hydrocarbons were used in laboratory tests.
The quantity of catalyst, light intensity and soil
humidity are the key factors influencing the
efficiency of photocatalysis process.

In order to determine the optimal
amount of catalyst we added 0.1; 0.2; 0.4 and
0.5g TiO; into Petri dishes each containing 5
g of hydrocarbon polluted soil sample. Then
the samples were mixed with 5 ml distelled
water and illuminated under visible light
during 3 hours. The degree of hydrocarbons
degradation was determined according to the
reduction of their concentrations in soil
samples by thermographic method.

The results of experiments indicated
that the increase of the amount of TiO, catalyst
allowed removing only 33% of hydrocarbons
from soils at 3 hours duration of process.

Along with the above mentioned
parameters, the efficiency of photocatalysis is
also dependent on pH, the pollution degree and
type of pollutants as well as the illumination
time. To determine the effect of the process
duration on the hydrocarbons degredation we
increasedthe experiment duration to 6 hours
under constant values of other parameters. The
degradation and reduction of the amount of
pollutants in soil samples was detected in
thermographic analyzer.  Analysis of the
experiment data showed that 6 hours duration
of photocatalysis resulted in reducing the

hydrocarbons’ amount in soils to 42% .
Despite some positive results were obtained
during the studies with 3-4 microne size TiO;
catalyst, experiments have shown that this type
of catalyst is not effective for cleaning the
soils polluted with petroleum hydrocarbons.

More promisable results were derived
from laboratory experiments when we used
TiO, with 21 nm size for oil polluted soil
cleaning by photocatalysis method. A number
of researchs have shown that the concentration
of TiO, catalyst essentially influences the
hydrocarbons removal from soils. According
to authors [57], the optimal amount of TiO,-in
IS 2%. But, the majority of researches confirm
that compared to 2%, photocatalysis with 5%
Ti0O, proceeds more efficiently.

Therefore, our experiments was first
focused on the study of the effect of catalyst
concentration on the degradation of
hydrocarbons in soil. 100 mg of oil
contaminated soil was poured into 5 Petri dish
added with 1, 2, 3, 4 and 5% TiO, and
irradiated under a 125-watt UV lamp durung
180 min.As it is known that high soil moisture
speeds up the photocatalysis process, 100 ml
of water (or about 30% H,0;) was added to
the soil at intervals to provide the required
moisture content.

Studies showed that the optimal amount
of catalyst for purifying soil containing 120-
150 mg / kg hydrocarbon is about 5% (Fig. 3).

Research of experts indicate that soil
humidity is an important factor in the organic
matter decomposition [58, 59]. As the
humidity increases, the rate of pollutants
degradationincreases considerably.
Experiments have shown that 2% of catalyst is
sufficient for, at least, 80-85% decomposition
of some organic chemicals. It has been
observed that 70% of several PAH decompose
even with the addition of 1% catalyst.
Therefore, in most cases, 2% of TiO, is
considered optimal for the decomposition of
organic compounds. Studies have shown that
the decomposition of such PAH as pyrene,
phenanthrene, fluoranthene and anthracene,
proceeds well with 2% TiO, in soils having
sufficient humidity.
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Fig. 3. Effect of nanosized TiO; content on the degradation of oil hydrocarbons

In order to study the effect of soil
humidity on the process, 200 mg of oil
contaminated soil was mixed with 2% TiO,
catalyst and irradiated under UV lamp for 6 h
by gradually adding 0, 20, 50, 80 and 100 ml
of water, so the amount of oil was determined.

Laboratory experiments were repeated
under the same conditions to investigate the
effect of replacement of water with hydrogen

peroxide (H.02) on the removal of organic
compounds from soil. 10 ml of H,O, was
added to the oil contaminated soil that was
hydrated by mixing with 10 ml H,O; each time
when dried after being irradiated for a period
of time. The results indicate that the effect of
H20, is not much different compared to the
experiments carried out with water.

Conclusion

Taking into account the abovestated, it
can be concluded that the production and use of
traditional energy sources, the continuous
widescale urbanization and the development of
transport infrastructure have resulted in the
release of a huge amount of harmful chemicals,
including oil, polyaromatic hydrocarbons, heavy
metals, radionuclides, PXBs and poisonous
gases into the environment. Being subjected to
various changes, depending on the natural
conditions, these compounds negatively affect
the people health, flora and fauna of the area
causing a number of local, regional and global
problems. The development of advanced
technologies, taking into account the pecularities
of pollutants to avoid contamination of the
environment with harmful compounds, is an
urgent problem of todays. Studies show that the
use of environmentally friendly adsorbents for
the oil polluted wastewater treatment is one of
the most effective ways to solve the

problem.The proposed in the article new method
based on the application of adsorbent made from
the linear oligomer of cyclopentadiene is very
useful in terms of high adsorption capacity of
this compound, which does not adversely affect
the environment and living organisms and
produces no toxic substances when burned.The
study of photocatalysis method using the
nanoparticles of TiO, catalyst for the purification
of water and soils polluted with oil hydrocarbons
and other organic compounds has shown that the
application of this method allows to remove 90-
95% of polyaromatic hydrocarbons, phenols and
other organic chemicals from soils and industrial
wastewater. Considering the fact that the process
does not require high energy and occurs under
the sun's rays, it is possible to achieve effective
results through the application of photocatalysis
method for the oil-contaminated soils cleaning in
the Absheron conditions.
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KiMYaVI CIRKLONDIRICILAORIN OTRAF MUHITO MONFI TAOSIRI PROBLEMLORI
79 ONLARIN QARSISININ ALINMASI YOLLARI
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Moqalada atraf muhitin zararli kimyavi maddalorla girklonmasi va  onlarin ekosistemin
komponentlorina monfi tosiri problemi mizakira olunur. Atmosfer havas:, torpaq va su
hévzalorina sanaye muassisalorindan atlan toksik Uzvi birlogmalor, agir metallar va
radionuklidlorin, hamginin nagliyyat:n ixrac gazlarizin tabii mihit va canl: organizmlar Ggln
yaratd:g: potensial risk gostorilir. Muoallif tarafindan mixtolif antropogen manbalarin tosirina
maruz qalan arazilords atraf muhitin geyd olunan kimyavi maddalorlo girklonmasi  va onun
garsiszmin alinmasimin saomarali - Usullar: sahasinda apariimig tadgigatlarin naticalari taqdim
edilir.

Acar sozlar: neft, kimyavi cirklandiricilar, ekosistem, radionuklidlar, adsorbsiya, fotokataliz

IIPOBJIEMbI HETATHBHOI'O BO3JJEHCTBHA XUMHYECKHX 3AT PA3HUTEIEH
HA OKPYKAROLIYIO CPE/]Y H BO3MO/KHBIE I1YTH UX IIPE/]OTBPALIIEHHUA
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B cmamve paccmampueaemcs npobdiema 3aepasHeHus OKpyodicaroueli cpeovl 8peOHbIMU
XUMUYECKUMU BEWeCmBamu U UX He2amueHo20 B030eliCMEUs HA KOMNOHEHMbl 3KOCUCHIEMbI.
Tloxazanvl OCHOGHBIE UCTMOYHUKU — BPEOHBIX XUMUKAMOS, BblOPACLIBAEMbIX 8 AMMOCEEPHbII
6030YX, 3eMI0 U 80OHble Oaccelinvl. QOCYAHCOAOMCsE NOMEHYUATbHbIE Yepo3bl O/l NPUPOOHOU
Cpedbl U HCUBBIX OP2AHUBMOS MOKCUUHBIX OP2AHUYECKUX Beujecms, MNCeNbIX Memaiios,
PAOUOHYKIUO08, 4 MAKNHCE GbIXIONHBIX 2a308. [Ipedcmasnenvt  pezynrvmamul UCCcIe008aHUL
asmopa 8 obnacmu 3aepA3HeHUs OKpycaloujel cpedbl HA MeppUmopusix, NOOBEPHCEHHbIX
8030€lCMBUI0  PA3TUYHbIX — AHMPONOSEHHBIX — UCMOYHUKOE U IPhekmusnvlx  Memooos
npedomepaujeHusi He2amusHO20 030€UCMBUS HA OKPYICAIOWYIO CPedy.

Kniwouesvle cnosa. Hegpmv, Xxumuueckue 3aepA3HUmMenU, IKOCUCHEMA, PAOUOHYKIUOWL,
aocopbyus, pomoxamanu3s
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