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THE IMPACT OF HYDROCARBON POLLUTION ON BIOCHEMICAL
CHARACTERISTICS OF AQUATIC ECOSYSTEMS
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The paper discusses the status of pollution and biochemical characteristics of aquatic systems
that had long been subjected to the anthropogenic impact of oil industrial activities. Laboratory
analyses have revealed increased concentrations of toxic hydrocarbons in surface water,
seawater and sediment samples in the territory of oil fields of Absheron peninsula — the main
industrial region of Azerbaijan. Concentrations of total petroleum hydrocarbons in the majority
of surface samples varied from 1796 to 53580 mkg/l that exceeded the permissible level by ten
orders of magnitude. The results of biochemical and microbiological analyses aimed at
evaluating the effect of hydrocarbon pollution on aquatic ecosystems showed that long-term
anthropogenic impact has significantly changed the quality of water resources on the study site.
Keywords: hydrocarbons, pollution, BOD, COD, seawater, sediment, ecosystem

Introduction

Among the other components of
ecosystem, water resources are frequently
subjected to anthropogenic impact. Oil and oil
products, phenols, surface active agents and
heavy metals are the most dangerous pollutans
of aquatic systems. Pollution of water systems
can be caused by natural factors, including
acid rains, flooding and physico-chemical
properties of water, as well as by various
anthropogenic sources, such as industrial
operations, farming, manufacturing plants and
domestic discharges,etc.

Polluton of the environment by toxic
chemicals is largely widespread in the regions
dealing  with  hydrocarbon  production.
Considering that significant amount of
hydrocarbon losses and industrial discharges
fall to the share of water basins, pollution of
surface waters has become a serious concern
in oil bearing regions, including the Absheron
peninsula of the Republic of Azerbaijan.

Rapid urbanization, agricultural and
industrial  activities, including intensive
offshore and onshore oil-field developments
have led to pollution of water basins in the
peninsula by various organic and inorganic
pollutants degrading their natural quality.

Given that per capita share of water
resources in Azerbaijan is about 1000 m’ per
year, which is several times lower than in
neighboring countries, protection of available
water resources is one of the major problems.
Long-term contamination by crude oil,
produced water and drill cuttings, as well as
consequent environmental impact led to
changes in geochemical, hydrological,
geophysical and biological conditions of
ecosystem in the Absheron region as referred
to by a number of authors [1-5]. In this
respect, the studies dealing with the impact of
anthropogenic waste of various etiologies on
ecological conditions of the Caspian Sea and
other water basins are of significant
importance.

Pollution of water systems by oil and
other toxic substances has led to reducing the
productivity of food base and fish species. Due
to oil pollution, the intensity of photosynthesis
has been significantly decreased in the coastal
waters, where the number of hydrobionts and
their productivity are lesser than in unpolluted
zones. The fauna of the Absheron lakes
suffered from continuous adverse effect of
chemical substances. Self-purification
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capacities of many water basins have been
significantly reduced. Currently, they are not
suitable for reproduction of fish and other
aquatic communities. Apparent changes have
been observed in the number of macrobenthos
and zooplankton species [6-9].

The quality criterion of water can be
described in terms of its physical, chemical
and biological characteristics. In order to

assess the risk posed by toxic substances in
aquatic systems, it is necessary to determine
the pollution degree of bottom sediments.
Hence, the main goal of the research is
to determine the pollution of surface water,
seawater and bottom sediments by organic
wastes and examine its influence on
biochemical properties of water systems.

Materials and methods

Seawater and marine sediments were
sampled in the Caspian Sea, on offshore shelf
of the Contract area. The samples were
collected from water and bottom sediments of
each sampling point by a vessel using
bathometer and grabs. Surface water samples
were taken from coastal sites adjacent to this
area. The data considered here are results
arising from the analysis of, at least, 5 samples
out of 15 sampling locations consisting of 10
onshore and 5 offshore stations of the study
area. Stations 11, 12 and 13 were located at
distances 5, 3 and 2 km from seacoast,
respectively. Stations 14 and 15 were located
within relatively shallow water sections.

The samples were analyzed for total
petroleum hydrocarbons (TPH), polyaromatic
hydrocarbons (PAH) including USEPA 16
PAHs and 2-6 rings PAHs, total naphthalene,
phenanthrene and dibenzo-thiophene (NPHD)
and undecomposable complex mixture
basically constituting of cycloalkanes (UCM).
In order to assess the impact of hydrocarbon
pollution on the water systems’ quality in the
study site, the biological oxygen demand
(BOD) and chemical oxygen demand (COD)
and  microbiological  properties ~ were
determined in both water and sediment
samples. The studies were carried out to

comply with generally accepted test methods
[10].

The following methods were used to analyze
water and sediment samples:

e TPH - aliphatic, alicyclic and aromatic
hydrocarbons were analyzed by gas
chromatography method;

e PAHs — USEPA 16 PAHs and 2-6
rings PAHs were analyzed by gas

chromatography —mass spectroscopy
method ;
e BOD - BOD was determined by

incubating microorganism in diluted
water samples at 20-25°C for 5 days

and then measuring the absorbed
oxygen;

e COD - COD was determined
calorimetrically through dichromate
oxidation;

e Standard methods were used for the
determination ~ of  microbiological
properties including the numbers of
saprophytes, hydrocarbon oxidizing and
phenol degrading microorganisms [11].

The results of studies were
compared with the water quality standards

shown in Table 1 [5].

Table 1. Permissible levels of the studied parameters

Pollutants Sanitary Fishery water
water quality quality
standards standards

Oil and petroleum 0.1-0.3 0.05
products (mg/1)

BOD 3.0

COD 15
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RESULTS AND DISCUSSION

Laboratory measurements revealed
the presence of a large number of different
organic chemicals in water and sediment
samples. In surface water, for example,
TPH, 2-6 rings PAHs, NPHD and UCM
each had highest concentrations (Table 2).
Measurable levels of USEPA 16 PAHs
were also detected in several surface water
samples (Stations 2,3,5,8, 9 and 10).

Results obtained indicated that the
concentrations of hydrocarbons in the majority
of samples exceeds the maximum permissible
concentration (MPC) by tens orders of

magnitude. Increased pollution levels were
detected in oil industrial wastewaters (Stations
2 and 3). The highest level of pollution
occurred at a surface runoff in the oil fields
area. The content of TPH in all samples at
coastal locations of the study site exceeded the
MPC by several times. That testifies to the
migration of wastewater into the sea aquatory.
Comparative analysis of  the
hydrocarbon content in seawater and marine
sediments showed that the concentration of
TPH in all samples was higher than the
established standards.

Table 2. Content of hydrocarbons in surface water, seawater and sediment samples

in the study site

Sampling Surface water samples (mkg/1)
stations TPH 2-6 rings USEPA NPHD UCM
PAHs 16 PAHs
1. 128.1 1.45 0.10 1.30 95.4
2. 53580 1096 36.56 1019 40420
3. 6023 98.9 3.12 89.17 4990
4. 1796 4.8 0.86 0.74 1659
5. 4756 176 3.18 166.4 4078
6. 20.9 0.41 0.07 0.28 1.7
7. 68.2 0.42 0.05 0.35 24.3
8. 5749 184.9 491 166.4 5030
9. 1890 62.1 3.53 53.7 1511
10. 333.1 21.7 1.50 21.0 37.5
Seawater (mkg/l) and sediment (mkg/g) samples
11-water 155.5 0.22 0.03 0.19 136.1
11-sediment 1140 4.3 1,2 1,0 1060
12-water 148.0 0.27 0.03 0.24 127.5
12-sediment 1197 7.2 0.9 2.9 1096
13-water 154.1 0.21 0.03 0.16 143.5
13-sediment | 128.8 0.6 0.1 0.5 113.6
14-water 2041 7.14 0.32 5.11 1836
14-sediment | 246.7 5.1 0.2 4.3 227.1
15-water 1340 4.90 0.20 3.85 1225
15-sediment | 1230 19.7 0.40 17.4 1128
The content of TPH in marine sediments at wastewater flowing from a discharge
Stations 11 and 12 is considerably higher channel. Stations 11 and 15 are located at
than the content of those in seawater different  distances  from  seacoast.

samples. These stations are exposed to the
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hydrocarbons in  seawater  samples
considerably decreases depending on the
remoteness of stations from seacoast,
whereas, significantly increased levels were
detected in sediments even at 5 km
distance. This indicates that the exposure to
a discharge channel has greatly contributed
to the pollution of a large area by oil
products within the study site. The level of
pollution extended up to 5 km offshore.
Relatively lower pollution level was
detected at Station 13. However, the results
showed that the degree of pollution at this
station exceeds the MPC about 3 times.

The studies revealed that USEPA 16
PAHs in all sediment samples are detected
at significantly increased levels as
compared to those taken from upper
horizons of the same stations (with
exception of Station 14). The content of
USEPA 16 PAHs in marine sediments at
Stations 11 and 12 is up 19 and 27 times
from the content of those in water samples.
This testifies to long-term accumulation of
high carcinogenic compounds in marine
sediments due to the migration of
wastewater into deeper sections. In most
cases, the degradation of these compounds
under this condition is impossible [1].

A series of laboratory analyses were
carried out to study the impact of
hydrocarbon pollution on biochemical
properties of water systems.

BOD is an indicator of the quantity of
materials consumed for the growth of
microorganisms in water systems. Usually, in
the spring and summer seasons the values of
BOD is high that is observed to be lower in
the autumn and winter months. In the
hydrocarbon polluted environment BOD can
be reduced regardless of the season. In the
environment having high concentrations of

oil, phenols, Fe*" , H  ions and many reducing
substances the BOD values may be lower.
BOD characterizes easily oxidizing pollutants
as of communal-domestic, plant and animal
origins.

COD is a parameter determining the
quantity of oxygen required for chemical
oxidation of petroleum hydrocarbons and other
substances. The value of COD is high in the
waters polluted by hydrocarbons.

As 1s seen from Table 3, elevated
values were derived from COD and BOD
analyses. The results showed that the
wastewater inflow to the Caspian sea is rich in
industrial and domestic discharges.

Usually, ground and river waters have
from 1 to 60 mg O,/ COD, and wastewater
has more than 100 mg O,/1 COD. According to
the COD wvalue, the pollution level of
wastewater in the Absheron oil fields territory
can be classified as:

1. Low -70-200 mg Oy/l;

2. Medium -200-300 mg O,/I;

3. Very polluted- more than 300 mg

0,/1

The measurements showed that
majority of surface waters of the study area
can be characterized with medium or very
polluted levels. The wastewaters discharged to
the environment are contrary to quality
standards and result in carrying significant
amount of toxic substances into the sea coast.

According to the standards and norms
set for aquatic systems, the category of
wastewater is established on the basis of
biochemical index expressed by BOD/COD
ratio. Clean water has a 1/lratio, and the
biologically degradable water has a ratio -
<2/1. The  BOD/COD ratio of industrial
waters varies between 0,05 to 0,3 [12].

Table 3. Biochemical and microbiological parameters of oil polluted samples

NeNe BODs, COD, | BODs/ Number of microorganisms
mg0,/1 | mgO,/1 | COD | Saprophytes | Hydrocarbon Phenol
oxidising degrading
1. 320 70 4.6 10° 10° 10°
2. 480 410 1.02 10° 10° 10
3. 320 1070 | 0.29 10° 10 10°
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4. 320 280 1.14 10° 10° 10°
5. 320 127 25 10° 10° 10°
6. 240 320 0.75 10° 10° 10*
7. 238 192 1.24 10° 10° 10?
8. 314 230 1.36 10° 10° 10°
9. 200 1200 0.16 10’ 10° 10°
10. 180 1270 0.14 10° 10° 10°
11-water 48 21 23 10° 10° 10*
11-sediment 72 24 3.0 10° 10° 10°
12-water 40 11 3.6 10° 10* 10°
12-sediment 64 60 1.06 10* 10° 10°
13-water 40 35 1.1 10° 10° 10*
13-sediment 57 44 1.3 10° 10° 10?
14-water 56 36 1.5 10° 10* 10*
14-sediment 68 37 1.8 10* 10° 10°
15-water 42 31 1.35 10° 10* 10*
15-sediment 53 33 1.6 10* 10° 10°

As is seen from Table 3, biochemical

above, the samples taken from the most

indexes of samples taken out of the first point polluted surface waters (9 and 10) are
(station 2) and the end (station 3) of the study characterized by lower amounts of
site shows that the wastewaters discharged to phytoplanktone and degradable organic

the environment from various anthropogenic
sources are additionally polluted by industrial
effluents. According to the data in the table

substances. They are categorized as industrial
wasterwaters due to the high concentration of
chemical pollutants.

The results derived from this study demonstrated that:

1. As a result of long-term production, transportation and processing of hydrocarbon
resources the levels of oil pollution of surface waters, seawater and sediments in the
oil industrial territories of the Absheron peninsula is very high and sometimes reach
53580 mkg/l, 1340 mkg/l and 1230 mkg/g, respectively.

2. Oil contaminated wastewaters contain considerable quantity of toxic hydrocarbons —
USEPA 16 PAHs, 2-6 rings PAHs, NPHD and UCM, which concentrations exceed
the established permissible levels.

3. Results of researches showed that hydrocarbon pollution significantly influences the
biochemical and microbiological conditions of aquatic ecosystems. According to the
BOD/COD ratio, the most part of the surface waters of the study area are categorized
as industrial wasterwaters. Very low values of saprophytes, hydrocarbon oxidizing
and phenol degrading microorganisms indicate that these waters are incapable of
natural biological self-purification.
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NEFT KARBOHIDROGENLORI ILO CIRKLONMONIN
SU EKOSISTEMLORININ BIOKIMYOVI XUSUSIYYOTLORINO TOSIRI

H.X. Xolilova

Beynalxalg Ekoenerji Akademiyasi
Az 1073, Baki, M.Rahim kii¢., 5; e-mail: khalilova@rambler.ru

Moaqalodo uzun miiddat neft sonayesinin antropogen tasirina moruz qalan su sistemlorinin
biokimyavi xassalarina neft karbohidrogenlari ilo ¢irklonmanin tasirindan bahs olunur. Tadgiqat
naticasinda Azarbaycamin asas sanaye bélgasi olan Abseron yarimadasimin neft yataqlart
arazisinda  sath sulari, doniz suyu va dib ¢okiintiilorinda toksik karbohidrogenlarin yiiksak
migdart qeyds alinmisdir. Miisahidalor zamani aksar sath sulari niimunalorinds neft
karbohidrogenlorinin timumi migdarimin yol verilon haddon 10 dafalorlo artiqg olmasi, 1796
mkg/l-don 53580 mkg/l-a qadar dayisdiyi malum olmusdur. Karbohidrogenlorla ¢irklonmanin su
sistemlarina tasirinin qiymatlondirilmasi maqsadilo aparilmis analizlor uzun miiddat antropogen
tasira moaruz qalmalar arazidaki su hovzalarinin keyfiyyatinin xeyli dayismasina sabab oldugunu
gostorir.

Agar sozlar: karbohidrogenlar, ¢irklonma, doniz suyu, dib ¢okiintiilori, ekosistem
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BJIHAHHUE YIJIEBO/IOPO/HOI O 3AI'PA3HEHHUA HA BHUOXHMHUYECKHE
XAPAKTEPUCTHKH BOJAHbBIX 9KOCUCTEM

X. X. Xanunoea

Mesicoynapoonas Axademus IkosHepeemuxu
Az 1073, baxy, yn.M.Paxuma, 5; e-mail: khalilova@rambler.ru

B cmamve paccmampusaemcsi 6ONpoOC  GIUAHUSL  3ASPSA3HEHUs. Yele000po0amy  HA  OUOXUMUYECKUe
Xapakmepucmurku 800HbIX IKOCUCIEM, KOMOopble 00120€ 6pemsi ObLIU NOOBEPSHYNbL AHMPONOSEHHOMY
6030elicmeuio  HeMAHOU NPOMbIULIEHHOCMU. B pe3yibmame ananu308 GblCOKUe KOHYESHMpayuu
MOKCUHHBIX V2Ne8000p0008 Obliu 0OHAPYICEHbL 8 0OPA3YAX NOBEPXHOCIMHBIX U MOPCKUX 800, A MAKINCe
OOHHbBIX OMIIONCEHULl HA MePPUMOPUU HEePMAHBIX MeCmOpoNcOeHUll AOUWEPOHCKO20 NOIYOCmposa -
OCHOBHO20 NPOMBIULIEHHO20 pecuona Azepbaiiodxcana. B Oonvuiuncmee npo6ax nogepxHOCMHbIX 600
KOHYEHMpayuu HepmsHvlx yeie6000p0008 Npegblulaiu NpedeibHO-00NYCMUMOU HOPMbL 8 0eCSMKU pas,
sapvupysi om 1796 mxe/n 0o 53580 mxe/n. Uccnedosarus, nposedentule 05t OYeHKU GIUSHUS 302PSA3HEHUS
Veneso00podamu Ha OUOXUMUYECKUEe XAPAKMEPUCIMUKYU BOOHBIX CUCMEM, NOKA3AMU, HMO OAUMENbHOe
AHMPONO2EHHOe BO30€UCMBUE CYWECMBEEHHO USMEHULO NPUPOOHble KAuyecmed GOOHbIX Pecypcos
uccedyemo meppumopuil.

Knioueswie cnosa: yeneso0opoowl, 3azpsizHenue, MOPCKAs 600d, OOHHbLEe OMJONCEHUSL, IKOCUCEMA.
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