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LEVEL OF ORGANIC TOXIC COMPOUNDS IN AQUATIC ECOSYSTEMS

Monitoring of water samples taken from some territories was
carried out. So that water samples were taken from 7 different
regions of the Caspian Sea and analyzed for mainly toxic organic
compounds — PAHs, phenol, and its derivatives. The analyses were
carried out using extremely sensitive devices such as GC-MSD gas
chromatograph 6890N with a highly efficient mass-selective detector-
Agilent 5975. It was determined that the investigated toxic organic
compounds in the wastewaters of the Caspian Sea coast exceed the
permissible limit. This fact was formed against the background of
serious negative impacts on the flora and fauna of the Caspian Sea
with the discharge of industrial wastewater. In water samples, 15
PAHs and 11 phenolic compounds were analyzed.
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Introduction:

Wastewater from the chemical industry and petrochemical
enterprises is considered more dangerous for the environment.
According to experts from the United Nations (UN) 100,000 out of one
million products produced in the world are chemical compounds. Most
of these compounds (15,000) are carcinogens to the environment,
especially to humans. Biochemical decomposition of these compounds
which are not analogous in nature and are distributed in water bodies, is
not possible. 80% of the chemical compounds released into the
atmosphere enter water bodies after a certain period of time. It should
be noted that the role of various types of waste released into the
atmosphere in the pollution of water bodies is great. Atmospheric
pollutants are spread over long distances by air currents and then enter
groundwater and surface water through rainwater. Thus the degree of
pollution of the aquatic environment is higher than that of the soil and
air (Garib Mammadov, 2005).
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Up to 1-1.5% of water resources are freshwater of which only
0.3% can be used. Freshwater resources are widely used in agriculture:
water supply, irrigation, hydropower, inland navigation, fishing, etc.
Significant pollution of rivers, lakes and seas with wastewater threatens
to worsen the quality of water resources. 1 m? of wastewater pollutes
40-50 m? of natural river water. The main part of water resources in the
Republic of Azerbaijan is river water. As we know the world’'s
freshwater resources are being depleted. This is due to the uneven
distribution of water resources and global warming. As a result, the
world’'s population is increasingly suffering from water shortage
(Gadirova, 2017).

A well-organized monitoring process facilitates the protection of
the ecosystem. It is better to conduct preliminary studies on the objects
and parameters to be identified before starting the monitoring
(Gadirova, 2019). Azerbaijan is an oil country. Therefore the wastewater
discharged from the refinery and other industries is mixed with sewage
and eventually discharged into the Caspian Sea. As result seawater is
contaminated with various pollutants (Gadirova, 2020).

The Caspian Sea is a very sensitive ecosystem. Over the past
decades under the influence of anthropogenic and biochemical factors,
the state of the ecosystem, in general, has deteriorated sharply
especially in the northeastern part of the sea (Hense, 2003).
Observations made in recent years show that the waters of the Caspian
Sea especially along the coast of the National Park are also polluted by
oil and sewage (Kostianoy, 2005). Industrialization and urbanization in
the Caspian region have developed rapidly over the past several
decades and the associated increase in hydrocarbons is a concern in the
region (Korshenko, 2005).

Offshore production and accidental oil spills, industrial
wastewater, discharges flowing down from river water are considered
the main sources of anthropogenic hydrocarbons in the marine
environment. The industry is believed to be the main source of oil
pollution in the Caspian Sea (Pat. 2011). The total amount of industrial
waste discharged into the Caspian Sea averages 2342.0 million m3 per
year. Such waters contain 122.5 thousand tons of oil, 1.1 thousand tons
of phenols, 9.9 thousand tons of organic chemistry products (Pat. 2011).
The total content of hydrocarbons in the North-Western part of the
South Caspian was small -32-54.2 ug/g. In this area, in the vicinity of oil
fields, the concentration of phenols was 0.002-0.003 ug/g (Hajiyeva,
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2020). Pollution of water and bottom sediments are noted throughout
the Absheron Peninsula and in Baku Bay. Note that the main volume of
pollution (90% of the total) enters the Caspian Sea with river runoff
(Hajiyeva 2019).

Materials and methods:

The quantitative analysis of polycyclic aromatic hydrocarbons
(PAHs) and also of phenol and its derivatives were carried out in a
system including an Agilent 6890N gas chromatograph which has an
interface with an Agilent 5975 high-performance mass-selective
detector manufactured by Agilent Technologies (USA). The
chromatograph was equipped with a splitless injector and a ZB-5
capillary column (Phenomenex, USA). Column ZB-5 has the following
specifications: 5%-biphenyl 95%-dimethylpolysiloxane copolymer
length-60 m inner diameter 0.25 mm film thickness 0.25 pum. Helium
(99.999% purity) with a flow rate of 1.5 ml/min was used as a carrier
gas. The temperature rise was programmed from 40° C to 310° C. The
extracts were introduced using an automatic sampler in a volume of 1
pl.  Quantitative analysis was performed against a seven-point
calibration against standard reference solutions. A mixture of
deuterated polycyclic aromatic hydrocarbons: naphthalene-d8,
phenanthrene-d10 (Cambridge Isotope Laboratories, Inc., Andover, USA)
was used as an internal standard for calculating the obtained results of
chromatographic analysis (Hajiyeva 2020).

Phenol is an industrially important compound and ranks 337
among the substances synthesized in the world. It is a very important
compound from an industrial point of view. Thus phenol and its
derivatives are definitely found in wastewater. Such water is discharged
into water bodies and becomes a source of danger because chlorinated
derivatives of phenol are very dangerous for aquatic ecosystems. In this
connection, water samples were taken from 7 different areas of the
Caspian Sea and then analyzed. Table 1 shows the names of these
areas and the amounts of phenol found in the water samples. Phenol
and its derivatives such as PAHs are considered hazardous to aquatic
ecosystems (Hajiyeva S.R., 2020). Side effects occur at a phenol
concentration of more than 1 g/l and at concentrations less than 0.5 g/l
there is practically no harmful effect. At a phenol concentration of 0.2 mg/l
such waters have an unpleasant taste. Chlorinated phenol derivatives
are more dangerous(Phenol, 2021). They have a pungent odor. Even
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with the chlorination of phenol derivatives at a concentration of 0.001
mg/l such waters have a negative effect. Too much phenol in water is
damaging to living things. It causes serious illness in aquatic life and
through the food chain poses a threat to human health (Yunker, 2002).

PAHs were also analyzed in water samples taken from those
areas. It should be noted that some of these areas are beach areas and
high levels of PAH in the water cause skin cancer. The results of the
water analysis are shown in Table 2.

Naphthalene belongs to a class of high-risk substances and is
considered the most hazardous among PAHs. Therefore the main focus
was on which areas of the water samples had the highest levels of
naphthalene. As you can see this indicator is mainly found in Hovsan
and then in Guneshli. This is because there is an industrial plant in the
area located near Hovsan and the water in Hovsan can be considered
more polluted due to the constant discharge of wastewater (Hajiyeva
S.R., 2018).

The standard values for the analyzed water samples are shown in
Table 3. However, the analysis of the water samples shows that there
are deviations from these standards. The difference in the amount of
PAH, as well as phenol and its compounds, is evidenced and the pH
(with PHS-25) values in water samples practically do not coincide with
the standard values (Hygienic standards GN 2.1.5.1315-03, 2003).

Table 1
Phenol and its derivatives in water samples taken from the Caspian Sea
Phenol, mg/l Sahil | Shikov |Boulevard|Guneshli|28 may| Hovsan [Bilgah
phenol 0.14 0.10 0.14 0.12 0.13 0.16 0.08
o-cresol 0.06 | 0.02 0.03 0.02 0.04 0.45 | 0.01
2-nitrophenol 0.16 | <0.04 0.04 0.04 0.10 0.12 0.02
2,4-dimethylphenol 0.15 | 0.02 0.04 0.03 0.11 0.13 | 0.03
2,4-dichlorophenol <0.02 | <0.02 <0.02 <0.02 | 0.03 0.04 | 0.04
2,6-dichlorphenol 0.11 0.02 0.04 0.12 0.07 0.08 | 0.06
4-chloro-3- 0.21 | <0.04 0.05 0.05 0.14 0.06 | 0.04
methylphenol
2,4,5-TCP 0.09 | <0.04 <0.04 0.08 0.07 0.10 0.06
2,4,6-TCP 0.10 | <0.04 <0.04 0.09 0.07 0.10 0.06
2,3,4,6- 0.09 | <0.04 <0.04 0.08 0.10 0.09 | 0.07
tetrachlorophenol
pentachlorphenol 0.14 | <0.04 <0.04 0.12 0.12 0.16 0.04
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Table 2
PAHs in water samples taken from the Caspian Sea
Naphthalene 0.09 0.19 | 0.07 | 0.04 | 0.07 | 0.02 | 0.01
Achenthylene <0.01 | <0.01 | <0.01 | <0.01 | 0.03 | 0.01 | 0.01
Acenaften 0.01 0.01 | <0.01 | 0.05 | 0.04 | 0.03 | 0.02
Fluoren 0.04 0.07 | 0.04 | 0.07 | 0.24 | 0.02 | 0.02
Fenantren 0.09 017 | 0.06 | 0.17 | 0.29 | 0.04 | 0.03
Anthracene 0.01 0.01 | <0.01 | 0.01 | 0.04 | 0.04 | 0.02
Fluoranten 0.01 0.01 | <0.01 | 0.01 | 0.03 | 0.01 | 0.01
Piren 0.01 0.01 | <0.01 | 0.01 | 0.05 | 0.01 | 0.00
Benz (a) anthracene <0.01 0.00 | <0.01 | 0.00 | 0.01 | 0.00 | 0.00
Chrezen 0.02 0.01 | <0.01 | 0.01 | 0.02 | 0.01 | 0.01
ﬁjzia(:t;{; k) 0.01 0.03 | 0.03 | 0.03 |<0.01| 0.02 | 0.02
Benz (a) pyrene 0.01 0.01 | <0.01 | 0.01 |<0.01 | 0.01 | 0.01
Inden (1,2,3-cd) pyrene <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | 0.01
Benz (ghi) perilen <0.01 <0.01 | <0.01 | <0.01 | <0.01 | 0.01 0.01
Dibenz (ah) antracen <0.01 <0.01 | <0.01 | <0.01 | 0.02 | 0.02 | 0.01
2 15 Individual PAH 0.35 056 | 0.31 | 0.46 | 0.88 | 0.28 | 0.19
Table 3
Standard chemical parameters of taken water samples
Areas pH | Phenols, mg/l 2PAH, mg/l
Guneshli(B3) 6-7 0.04 0.01
Shikov (S2) 6-7 0.04 0.01
Boulevard(S3) 6-7 0.04 0.01
28 may(A3) 6-7 0.04 0.01
Bilgah(D3) 6-7 0.04 0.01
Sahil(S1) 6-7 0.04 0.01
Hovsan(C3) 6-7 0.04 0.01

Table 4 shows the physical and chemical characteristics of the
water samples. The water samples were collected and analyzed in
March and off the coast. Analyses for all the water samples were
performed in the same way.
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Table 4
Physical-chemical parameters of the 7 water samples
taken from the Caspian Sea

Areas | Tem.°C | pH | Salinity, % | Electrical conductivity, mS/sm
Guneshli 26.7 8.4 11.2 18.9
Shikov 26.2 8.1 11.2 18.6
Boulevard| 26.4 8.2 11.0 18.8
28 may 26.3 8.2 11.0 18.7
Bilgah 26.8 8.0 10.7 18.4
Sahil 25.8 7.8 10,3 17.5
Hovsan 26.1 8.7 10.8 18.2

As can be seen from Table 4 the water samples differed slightly in
temperature which is due to the closeness of the average temperatures
in these areas. This can be expressed by the presence of various salts in
the water.

It should be noted that currently in our country serious work is
underway to maximize the purification of wastewater discharged into
the Caspian Sea using nanotechnological methods but the use of these
methods in the industry requires a certain amount of time.

Results and discussion:

Water samples were taken and analyzed from 7 different regions
of the Caspian Sea. The aim was to compare the levels of organic toxic
substances — PAHs and phenolic compounds water samples taken from
7 different locations in the Caspian Sea.

It should be noted that all water samples were analyzed in the
same manner. In general, the analysis of seawater shows that the
amount of phenol was maximum in the regions of C3, S3 and S1. The
greater contamination with phenol and naphthalene of the water
samples taken from the C3 area is due to the presence of industry
nearby. As in the analysis of PAHs, the most dangerous naphthalene
was observed in the water sample taken from C3. Also in the water
samples from A3 and C3 the maximum amount of 15 PAHs were
detected.

Thus 15 PAHs, 9 heavy metals and 11 phenolic compounds were
analyzed in water samples. In addition the pH, salinity and electrical
conductivity of the analyzed water samples were determined. The pH
values were found to be above the normalin the S1, S2, S3, A3, B3, C3,
D3 water samples.
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Conclusions:

1. Water samples were taken and analyzed in 7 different points of
the Caspian Sea.

2. PAHs, phenol and its derivatives were determined in the water
samples. Thus the content of PAHs, phenols and phenol derivatives in
some analyzed water samples exceeded the permissible concentration.

3. More phenol was found in the water samples taken from the
Sahil, Boulevard and Hovsan.

4. Naphthalene which is considered the most dangerous of the
PAHs was found in the largest amount in the Hovsan area.

5. pH, salinity and electrical conductivity of the analyzed water
samples were determined.

6. Chemical analysis was carried out by using very accurate
analysis methods. In this regard, the GC-MSD gas chromatograph
6890N with a highly efficient mass-selective detecto-Agilent 5975 was
used for the chemical analysis of organic toxic compounds.
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PIBEHb OPFTAHIYHUX TOKCUYHUX CMOJTYK Y BOAHUX EKOCUCTEMAX

NMpoBepeHo MOHiITOPUHIr Npo6 BoawM, BipibpaHux i3 7 pisHux perio-
HiB Kacniiicbkoro mMopsi, Ta NpoaHani3oBaHO HAa HASABHICTb TOKCUYHUX
opraHiyHux cnonyk — MNAY, ¢eHony Ta roro noxigHux. AHaniau npoBo-
AVWNCA 3 BAKOPUCTAHHAM HaA3BUYaWHO YYTJIMBUX NPUCTPOIB, TaKUX AK
rasoBun xpoMmartorpagp GC-MSD 6890N 3 BucokoedeKTUBHUM Mac-
ceneKTuBHUM peteKkTopom Agilent 5975. Byno BctaHoBneHo, wo gocni-
D)YKYBaHi TOKCUYHI opraHivyHi cnonyku y cTiuHux Bogax y3bepexoxa Ka-
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CNiNCbKOro MOps NepeBULLYOTb FPAHMYHO aonycTuMi HopMmu. Llen pakr
cpopMyBaBCA Ha TNi CepUO3HMX HEraTUBHUX BMJIMBIB Ha ¢pnopy Ta Ppa-
yHy Kacniicbkoro Mops BHacnifokK CKuMAaHHSA NPOMMUCIZIOBUX CTiYHMX
BoA. Y npo6ax Boau 6yno npoaHanisosaHo 15 MNMAB T1a 11 ¢eHonbHUX
CNonykK.

KnouyoBi cnoBa: moHiTopuHr; ¢peHon; NAB; Kacniicbke Mope; Boa-
Ha cMCcTeMa; aHaniswu.
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YPOBEHb OPTAHUYECKUX TOKCUYECKUX
COEAMHEHWI B BOOHbIX 3KOCUCTEMAX

NMpoBepeH MOHUTOPUHI NP06 BoAbl, OTOOGPaHHbIX C 7 pa3NIUYHbIX
pernoHoB Kacnuickoro Mopss U NnpoaHasiusMpoBaH Ha TOKCUYHbIE Op-
raHmvyeckue coeguHeHus — NAY, ¢peHon u ero npoussogHble. AHanNU3bI
NPOBOAMIINCL C UCMOJIb30BaHUEM Ype3Bbi4alHO YYBCTBUTEJIbHbIX YCT-
POMCTB, TAaKMX KaK rasosbin xpomartorpadp GC-MSD 6890N c Bbicoko3-
ddeKkTUBHBIM Macc-ceneKTUBHbIM pAeTeKkTopoM Agilent 5975. Bbino
YCTaAHOBJ/IEHO, YTO uUccneayeMble TOKCMYHbIe OpraHu4yecKue coeguHe-
HUA B CTOYHbIX Bogax nobepexba Kacnuickoro mops npesbillaloT
npepenbHO AONycTUMble HOPMbl. [daHHbin ¢aKT chopMupoBasnca Ha
¢doHe cepbe3HbIX HEraTUBHbIX BO3AeWCTBUM Ha ¢nopy M ¢ayHy Kac-
NUIUCKOro Mops B pe3ysibTaTte cOpoca NpoMbILLIIEHHbIX CTOYHbIX BoAd. B
npo6ax BoAabl 6b1s10 NnpoaHanusupoBaHo 15 MNMAY u 11 peHonbHbIX coe-
OVWHEeHUMN.

KnoueBbie cnoBa: moHutopuHr; ¢eHon; MNMAY; Kacnuiickoe mope;
BOAHAsA CMCTEMA; aHaNU3blI.
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