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In this paper peculiarities of negative impact of oil-containing waste to humans and biosphere and approaches to its
estimation are considered. For the estimation of ecological risks of negative impact of oil-containing waste in areas of oil
and gas fields it is suggested to take into account not only its toxicological and quantitative characteristics, but also the
degradation of the territories of fields, potential recultivating capacity of fields, suitability of wastes for utilization etc.
Negative ecological impact not only from operation but also from mothballed oil well should be investigated. Results of
complex experimental researches of negative impact of oil-containing waste in regions of development and exploitation
of oil and gas fields are described. In number of cases increased values of oil containing waste and heavy metals were
determined in soil and in water environment. For oil wells of Mogutovskoye field acute toxicity of soil samples near to
the wells and excess over maximum permissible concentrations of methane were determined. Results of monitoring of
toxicological impact of oil containing waste in areas of different oil fields of Samara region and in oil treatment plants
by using of biological testing methods have showed that a number of samples have enlarged toxicity and are causing
acute toxic effect to the test-organisms — green algae Chlorella vulgaris Beijer and Scenedesmus quadricauda (Turpin)
Brébisson, crustaceans Daphnia magna Straus. In number of cases increased values of oil products was observed. Thus,
it was determined that negative impact of oil-containing waste in areas of oil fields is complex in nature and may cause
significant ecological risks for air, water and soil. Results of work allow us to carry out more efficient and high quality
monitoring of negative impact of oil-containing waste and estimation of ecological risks as well as to develop the measures
for reduction of negative impact of oil-containing waste.
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B pabore pacemarpuBaiores rpo0ieMbl HeraTuBHOTO BO3JEHCTBIST HeTeCOoiePsRAIIIX OTX0/[0B Ha YeToBeKa u duocdepy
1 TIOJIXO/IbI K ero oreHKe. [ljisi o1leHKI 9ROJIOTHYeCKNX PUCKOB HEraTHBHOIO BO3JeiicTBIs HedTeco/epsRalinx OTX0/l0B B
paiioHax HeTerazoBbIX MECTOPOKIEHNUIT TTPEJITTOMKEHO YUUTHIBATH HE TOJbKO UX TOKCHKOJTOTHYECKIE I KOJINYeCTBEHHBIE
XapPAKTEePUCTIKN, HO TAKIKE TETPANAIIIIO TePPUTOPITI MECTOPOSKICHT T, TOTeHITHATBHYIO PEKYIBTHBAITMOHHYIO CTIOCOOHOCTD
MeCTOPO/IeHN l7|, HHPUTOJIHOCTH OTXO/0B K yTUJIN3alluu 1 J1p. leejlye'l‘ ncesaeoBaTh HeraTuBHOeE SKOJIOrnyecKoe Bo3jie ficrBIe
He TOJILKO OT JIEHCTBYIONNX, HO 1 OT 3aKOHCEPBUPOBAHHBIX HEPTAHBIX CKBayKMH. ONUcaHbl Pe3yibTaThl KOMITEKCHBIX
HKCIIEPIMEHTATLHBIX NCCTEOBAHIIT HETATHBHOTO BO3AEHCTBIST HerecomepsKammx oTX0M0B B pafioHax paspaboTKm i
JKCILIyaTalrmm He(I)'I‘el‘HSOBle MeCTOPORJIeHN 0. B pAje cjaydyaeB yCTaHOBJECHO ITOBbIIIIeHHOEe coj/iep;ranune He(i)'l‘el IPOJLYKTOB
7 TSKETBIX METAJLIOB B 110UBe 11 BOJHOI cpefie. [list HedrsiHbIX CKBaKMH MOTYTOBCKOTO MECTOPOIKIIEHUST YCTAHOBIEHbI
0CTPast TOKCHIHOCTL MPOO MOUBHI BOAMBN CKBAKITH, & TAKKe TPEBBIMICHNE TPEeTBHO TOMYCTHMBIX KOHTIEHTPATIHIT 110
Merany. PesysbraTsl MOHUTOPHHTA TOKCHKOJIOTHYECKOTO BO3/eiicTBIS HepTecojiepsKaliiX 0TX0/[0B B paiionax pasanyHbiX
MecroposkaeHnii Camapceroii obractin, a Takske Ha HedhreriepepabaThIBAIOIINX TP PUATHAX, C HCTIOJIB30BAHIIEM METO/[OB
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OMOTECTHPOBAHNUS TOKA3AJIN, YTO PAL TPOO 00J1aJIaf0T MOBBIIIIEHHOI TOKCHYHOCTHIO 1 OKA3BIBAIOT OCTPOE TOKCHUYEeCKOe /el -
CTBIHE HA TeCT-Opranuambl: 3e1éubie Bojopocian Chlorella vulgaris Beijer n Scenedesmus quadricauda (Turpin) Brébisson,
pauroB Daphnia magna Straus. Takum o6pazom, ycTaHOBIEHO, 4TO HeTaTHBHOE Bo3/eiicTBIe HedTecoiep:RalinX 0TXo/0B
B paﬁOHax He(i)'[‘ﬂ HBIX MeCTOPOK/IeHI Il HOCUT KOMILJT@KCHDIT XapaKTep 1 MOsKeT cO3/laBaTh 3HAUYNUTEeJIbHbIE DROJIOMMYeCcKne
PUCKU KaK JIJIsI BO3JLYITHON 1 BOJIHOIT Cpejl, TaK 1 JiJist 10UBbI. Pe3ysibrarsl paboThl 1103BOJISIIOT OCYIIeCTBISATH Go/ee s dek-
TUBHBII 1 KAYeCTBEHHBIIT MOHNTOPUHT HETATHBHOTO BO3/elicTBIs HedTecoepKalnx OTX0/0B 1 OIeHKY BO3HUKAIONIIX
Ipr 9TOM SKOJIOTUYECKNX PUCKROB, paSpﬂGaTthaTh MeponpuATuA 110 CHUYReHN IO HeraTuBHOTO BOS}LeﬁCTBI/IH.

Karouesole crosa: Hed)Teco;[ep')}«'amHe OTXO/IbI, HeTaTUBHOE BO3I[€fICTBHQ, IIe(i)TFIIII)Ie MeCTOPOMRIeHNA, HKOJTOTIIECKITIT

MOHUTOPUHT, OIeHKA, DROJOTNYCCKIIT PUCK.

Negative impact of oil containing waste is
a serious problem due to the fact that they have
a complex negative impact on the soil, air and
water medium and pose a great danger as for
the humans as for the biosphere in total [1-6].

The main types of oily wastes are oil sludges
and drilling wastes formed in the process of
oil production, oil emulsions, waste from oil
containing wastewater treatment plants, oil
sludges from stripping tanks and equipment,
formed in the process of oil refinement. Additional
ones include the wastes collecting in result
of oil spills, e.g. sorbents contaminated with
petroleum products. During the development
and exploitation of oil and gas fields the oil
containing wastes are causing the complex
negative impact, including toxicological,
radiation, chemical etc.

For the development of the effective methods
and solutions to reduce negative impact of oil
containing wastes to the biosphere it is necessary
to carry out ecological monitoring. Efficient
ecological monitoring allows us to ensure the
sanitary-epidemiological and ecological well-
being of the population in urban territories, to
take timely and qualitative measures (o reduce
the negative impact of pollutions to the biosphere
[1,2,5]. Results of ecological monitoring allow
us not only to get real values of substances, but
also to determine the ratio between a certain
concentration of a substance which is polluting
the environment, and the likelihood of a negative
impact on human health, to estimate ecological
risks of negative impact to the biosphere.

Analysis of existing methods of ecological
monitoring of oil containing wastes to the
biosphere is showing that due to the high
cost and technological complexity the use of a
number of them is limited. They have a number
of disadvantages and they cannot provide a
complete and qualitative assessment of pollution
parameters generated by the oil containing
wastes. The methods of ecological monitoring
traditionally used at the present time are often
not allowing us to determine precisely the
degree of ecological danger from the impact

of oil containing waste. These methods do not
reflect the level of anthropogenic impact on the
population and biogeocenoses, they do not show
the reactions of living organisms to this effect,
they do not take into account the combined
effect of the factors of different nature (physical,
chemical, biological) on a person.

The actual task is improving methods and
approaches to environmental monitoring of
impact of oil containing wastes to biosphere as
a source of ecological risk and obtaining new
experimental data.

The purpose of the work — to carry out
comprehensive environmental monitoring of
negative impact of oil containing wastes in
areas of development of oil fields and to get new
experimental data.

Materials and methods of research

Selection of the methods of ecological
monitoring during the impact of oil containing
waste and oil products to biosphere should be
made taking into account available sources of
pollutions and the kinds of pollutions: chemical,
biochemical, microbiological, etc. [2, 6-8].
It should be taken into consideration that for
estimation of the state of the objects of biosphere
in changing environmental conditions not only
quantitative characteristics of pollutions, but
also their consequences are becoming important.
Minimizing of the cost of technical means it
should also be taken into account [1].

Oil containing wasle may have high degree
of toxicity [3, 4, 8]. One of efficient approaches
for the determination of the degree of toxicity
of the soil and water objects polluted by the oil
containing wastes and by the oil products is
using of the methods of biological indication
and of biological testing [9-13], giving us an
objective integral estimation of the quality of
environment and grounds for forecasting the
state of ecosystems.

Complex approach in carrying out
environmental monitoring of oil containing
wastes (combination of methods of biological
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indication and of biological testing, methods of
quantitative chemical analysis, radiation control
etc.) with systematic observation is allowing us
to judge not only the quantitative characteristics
of pollutions, but also about perspectives of
community structure changes, productivity
of populations and about the sustainability of
ecosyslems.

The approach proposed by the author as-
sumes that at the preliminary stage of moni-
toring il is reasonable Lo develop a conceptual
model of the territory, representing a graphical
or descriptive representation of possible rela-
tionships between the oil containing waste as
sources of environmental pollution and routes
of exposure. Then it is necessary to carry out
calculating and instrumental evaluation of the
parameters of oil-containing waste in the analyz-
ing objects of environment, and also to use the
data of previous monitoring researches. It should
be noted that for the estimation of negative im-
pact of oil containing wastes it is necessary (o
carry oul researches not only of the wasle itself
but also the land areas and water objects near to
the places of development of oil and gas fields, oil
containing wells etc. In particular, the analysis
of soil ground samples, bottom sediments,
radiation control, measurements of parameters
of air environment etc. it should be carried out.

For the estimation of ecological risks of
negative impact of oil containing wastes in
areas of oil and gas fields it is suggested to take
into consideration not only its toxicological and
qualitative characteristics, but also degradation
of the territory of fields, potential recultivating
capacity of oil fields, the ability of waste to phase-
disperses concentration, suitability of waste for
utilization etc. Negative environmental impacts
should be investigated not only from operating
oil wells but also from mothballed ones.

When conducting quantitative chemical
analysis of oil containing waste on the presence
of oil products it is reasonable to use federal en-
vironmental regulation (PND F 16.1:2.21-98),
for heavy metals — federal environmental regula-
tions (PND F 16.1.40-03 — cadmium, cuprum,
lead, zink), FR.1.31.2010.07281 (nickel),
federal environmental regulation (PND F
16.1:2.3:2.2:3.57-08 — aluminum). When de-
termining the percentage of components of oil
containing wastes it is necessary to determine
oil products (federal environmental regulation
(PND F 16.1.2:2.2:2.3.3.64-10), humidity (Rus-
sian Sate Standard 2477-2014, federal environ-
mental regulation PND F 16.2.2:2.3:3.27-02),
ash content (federal environmental regulation

PND F 16.2.2:2.3:3.29-02), the hydrogen in-
dex (federal environmental regulation PND F
16.2.2:2.3:3.27-02).

During the estimation of toxic impact of oil
containing wastes in soil and in water objects
it is reasonable to use green algae Chlorella
vulgaris Beijer and Scenedesmus quadricauda
(Turpin) Brébisson, crustaceans Daphnia magna
Straus [2, 9, 10, 13] (PND F T 14.1:2:4.12-
06, 16.1:2:3:3.9-06, FR.139.2007.03222,
FR.139.2007.03223 etc.).

Results and discussion

Complex experimental researches of the
negative impact of oil containing wastes to envi-
ronment were carried out in areas of development
and exploitation of oil and gas fields of Samara
and Orenburg regions.

In Sergievsk district of Samara region soil
samples were analyzed in the area of produc-
tion wells of Yakushkinskoye field, taken in the
different distances from the wells. For produc-
tion well No. 1027 it was determined increased
content of oil products as well as of the cuprum
(gross form) and nickel (gross form) inside the
boning.

In Zolnoye oil field complex researches of
soil and water at the distance up to 200 meters
from the Volga river bank were carried out. In
the downstream part during visual and smell
inspection no traces of petroleum products
were found near the shore and on the towpath,
including the location of operation of floating
crane carrying oul soil sampling at the distance
approximately 100 meters from the river shore.
In the upstream part oil film contamination
detected in the area of booms specially installed
in 2012 along the water edge. Samples of water,
aquatic vegetation, and the ground were taken
in area of garden non-profit partnership 7 of the
village of Zolnoye. The scheme of sampling sites
is shown in Figure.

Film contamination of oil products with the
smell of a light fraction of hydrocarbons and
the output of oil products from the bottom were
detected on a local area of approximate size 50 m
along the coast and 5—10 m from the coast. At the
same time as outpourings forming an iridescent
film in place as well as small outlets of gas jets
with an admixture of oil products were observed.
In the area of the spill for a long time there was
oil preparation station of Zolnenskoye field liqui-
dated in the 1990s, from which the ducker came
oul through the Volga River towards the village
of Zadelnoye. Presently the territory of the in-
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Fig. The scheme of sampling sites in area of the village of Zolnoye of Samara region (explanations in the text)

dustrial zone is built up by a garden partnership.
At the territory of garden non-profit partnership
in the ravine there were previously cases of oil
products emission from the soil ground (e.g. in
the year of 2012). Water pollution was noted e.g.
in the review of Russian Hydro Meteorological
Service for May of the year 2022.

Soil samples were taken on the shore from
adepth of 0.4 m along the shore at the distance
2—3 m from the water and along the talweg of
the ravine in 50 m from the coastline at a height
of about 6 m from the water’s edge (points 1
and 2 in Figure). In coastal samples a sharp
change in the nature of the soil was detected,
passing into the black anaerobic zone with
the remains of fuel oil on the buried pebbles
and a specific smell of changed oil products
(presumably oil sludge). The zone of changes
starts from a depth of 0.1-0.2 m without going
to the surface and submerges below the water
level to an unspecified depth. The soil of the
towpath is gravel-pebble-gravelly with the
unsorted debris. Samples of water and aquatic
vegetation were also taken from the surface in
the place of the maximum accumulation of the
rainbow film.

By thalweg soil was detected of clearly of
man-made origin based on artificially displaced
loams and heterogeneous fragments of carbonate
rocks lying at the different levels. During visual
examination at this site of samples selection no
impurities of oil products were detected.

Results of laboratory research of ground
samples taken in points 1 and 2 according to the
scheme of the measurements in fig.1 are shown
in Table 1. Significant content of oil products
increasing of the sanitary norms values in probe
taken in point 1 was determined. During the
analysis of the probe taken in point 2, increased
contlent of oil products was also observed.

The samples of bottom sediments (river
bottom) near to the bank on the depth 2.7 m
(point 3) and on the depth 7.9 m (point 4) were
also analyzed. Results of biological testing
of soil probes with using of test-objects algae
S. quadricauda and of crustacean . magna
are showing that the studied samples do not
have an acute toxic impact. So, for a sample of
bottom sediments taken at the depth of 2.7 m (po-
int3), by algae achange in the fluorescence level
(inhibition) 14% was observed (without diluting
the water extract), by daphnia — mortality 0%
(without diluting the water extract). Thus,
acute toxicity for these samples has not been
determined. At the same time, an increased
content of the oil products was observed for both
samples.

Pollutions of soil and of air, radiological char-
acteristics near to oil pipelines and mothballed oil
wellsin the area of Mogutovskoye field of Orenburg
region were also investigated. Results of labora-
tory research of soil samples in area of the well
No. 107 of Mogutovskoye field of Orenburg re-
gion are shown in Table 2. Analysis of results of
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Table 1

Results of laboratory research of soil samples near to the river bank in points 1 and 2
in the village of Zolnoye of Samara region in area of garden non-profit partnership 7

Name of the component (indicator),

Result of measurement and attributed measurement error

unit of measurement (uncertainty)

Point 1 Point 2
Cadmium (gross form), mg/kg 1.1+0.4 0.83+0.33
Cuprum (gross form), mg/kg 9.9+3.0 6.6+£2.0
Lead (gross form), mg/kg b.d.l. b.d.l.
Zink (gross form), mg/kg 00£18 92418
Nickel (gross form), mg/kg 12.1+3.1 4.3+1.4
Aluminum (gross form), mg/kg 0.13£0.05 0.47+0.19
Oil products (gross form), mg/kg 6200+1600 300+80

Note to tables 1 and 2: b.d.l. — below detection limit.

Table 2

Results of laboratory researches of soil samples near the well No 107 and at the distance 2.5 m
from the well No 107 of Mogutovskoye field of Orenburg region

Name of the component (indicator),

Result of measurement and attributed measurement error

unit of measurement (uncertainty)
soil sample near the well soil sample at the distance
No. 107 2.5 m from the well No. 107
Cadmium (gross form), mg/kg 0.75+0.30 b.d.1.
Cuprum (gross form), mg/kg 10.8+3.2 17+5
Lead (gross form), mg/kg b.d.l. b.d.l.
Zink (gross form), mg/kg 72425 92418
Nickel (gross form), mg/kg b.d.l. b.d.l.
Aluminum (gross form), mg/kg b.d.l. b.d.l.
Oil products (gross form), mg/kg 1150+290 300£75

measurements is showing that near to the well
and at the distance 2.5 m from the well there is
a significant content of oil products and zink
(gross form).

Analyses of samples taken near the well
No. 103, and also near to the oil pipeline of the
Mogutovskoye field of Orenburg region, are
showing the increased content of oil products.

Results of biological testing of soil samples
taken near to the wells No. 103 and No. 107
with using of test objects algae S. quadricauda
and crustacean D. magna are showing that the
studied samples have an acute toxic effect. For
the samples of soil taken near to the well No.
103 by algae a change in the fluorescence level
(inhibition) 94% was observed (without dilut-
ing the water extract), by daphnia — mortality
100% (without diluting the water extract). For
the samples of soil taken near to the well No.
107 by algae a change in the fluorescence level
(inhibition) 92% was observed (without diluting
the water extract), by daphnia — mortality 100%
(without diluting the water extract).

The state of the atmosphere air near to
the mothballed wells of the Mogutovskoye oil

field was estimating with using of gas ana-
lyzer GANK-4 by methane, carbon monoxide,
saturated hydrocarbons and hydrogen sulfides
content. At the maximum permissible one-time
concentration (MPC ) of methane (approxi-
mately safe level of exposure) in atmosphere air
50 mg/m?in a number of points of measurements
exceeds were observed: in the area of well No.
103 the average concentration of methane was
measured equal 88.5 mg/m?, in the area of well
No. 107 the average concentration of methane
was measured equal 95.9 mg/m?. Thus, almost
twice the excess of MPC_ of methane was ob-
served. An insignificant exceeding of maximum
permissible concentration for hydrogen sulfide
was also found near to the well No. 107. Accord-
ing to other parameters of atmospheric air, no
exceeding has been determined.

In results of measurements of gamma-
radiation and of volume activity of radon in the
air near to the oil field and the mothballed wells
of the Mogutovskoye oil field no excess of admis-
sible norms was detected.

Results of monitoring of toxicological
impact of oil containing wastes in areas of the
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different oil fields of Samara region and also in
oil treatment plants with using of the methods
of biological testing are showing that a number
of samples are having the increased toxicity and
are causing acule toxic impactl on test-objects
C. vulgaris and D. magna. It was determined
that a number of investigated samples of soil
are having high toxicity and hyper toxicity.
For example, the probes of soil taken near the
cisterns on one of the objects were causing the
hyper toxic impact to the test object D. magna
in the range of concentrations 0.011%-1%
and 0.12%—-10%. 100% mortality of test ob-
ject was observed within a few minutes-hours
after the start of the biological testing at any
concentration of the range. Also, the studied
samples had a hyper toxic effect on C. vulgaris.
Results of qualitative chemical analysis of
samples, including sludges cleaning of tanks
and pipelines from the oil and the oil products
are also showing that in number of the cases
increased content of oil products and of ahs
content is observed. Thus, it was determined
that oil containing wastes in a number of
cases are having acute toxicity and may cause
significant negative impact to the human and
to the biosphere.

Conclusion

New approaches to the estimation of nega-
tive impact of oil containing wastes to the hu-
mans and to the biosphere are suggested. It is
necessary to carry out the investigations not
only of wastes, but also land territories and
water bodies near to the areas of development
of oil gas fields, oil-bearing wells etc. In par-
ticular, soil samples, bottom sediments should
be measured, as well as also radiation control,
measurements of parameters of atmosphere air
etc. should be carried out. For the estimation
of ecological risks of negative impact of oil
containing waste in areas of oil and gas fields
it is suggested to take into consideration not
only its toxicological and qualitative charac-
teristics, but also degradation of the territories
of oil fields, potential recultivating capacity of
oil fields, the ability of waste to phase-dispersed
concentration, suitability of wastes for utiliza-
tion ete. It is necessary to investigate negative
ecological impact not only from operating but
also from mothballed oil wells.

Complex experimental researches of nega-
tive impact of oil containing wastes in the areas
of development and exploitation of oil and gas
fields were carries out.

Results of monitoring of toxic impact of oil
containing wastes in areas of different oil fields
of Samara region, and also in oil refinement
enterprises with using of the methods of biologi-
cal testing are showing that the number of the
samples are having increased toxicity and have
an acute toxic impact. Results of quantitative
chemical analysis of samples, including slud-
ges cleaning of tanks and pipelines from the oil
and oil products, are also showing that, in some
cases, there is an increased content of oil pro-
ducts and the ash content.

Thus, it was established that negative im-
pact of oil containing wastes in the areas of oil
fields it is complex in nature and may cause
significant ecological risks as for air and water
environment, and for the soil.

Results of this work are allowing us to
carry out more efficient and quality monitoring
of negative impact of oil containing waste to
biosphere and the estimation of emerging eco-
logical risks, to develop the measures to reduce
negative impact.

This work was done in frameworks of the state
task of Ministry of science and higher education of
Russian Federation to the institutions of science, topic
No. 1021060107178-2-1.5.8.
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