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Abstract

This article is devoted to the determination of heavy metals and harmful organic
compounds in sea water — the habitat of the Caspian seal. The group of the most
common heavy metals, according to many authors, includes manganese, nickel,
zinc, iron, cadmium, lead, copper and their salts, characterized by long-term
preservation and accumulation in water, sediments and hydrobionts. The studies
were conducted from February 7-12, 2017 on the route from the Kalamkas
(Kazakhstan) field through the islands of Kulaly to the village of Bautino. Water
samples were taken 10—20 cm below the sea ice and surface level, each sample
was taken in 2 replicates: one for the Kazakhstan laboratory in Almaty and one for
the French independent laboratory. Water samples were analyzed for the content
of 13 heavy metals such as — Co, Cu, Ti, Bi, Ag, V, Al, Be, Sb, Sn, Fe, Cr, Mo.
It was established that in all water samples the content of vanadium exceeds the
maximum permissible concentration (MPC) level by 1.5-7.4 times, beryllium —
140—445 times, antimony 13.2—17.2 times. The maximum concentrations of the V
and Be contents were found in water samples taken at sampling points No. 1 and
2, and Sb — at points No. 1.6, 7.8. Cobalt, copper, iron and chromium were not
detected in the samples presented. The content of other metals (Ti, Bi, Ag, Al, Sn,
Mo) was significantly below the permissible levels or below the detection limits of
the method. All samples of sea water are contaminated by several organic chemical
pollutants, to various degrees and from different origins. Data on the accumulation
of petroleum hydrocarbons and heavy metals in the habitat of Caspian seals
characterize the toxicological situation in the study region.

1. Introduction

region affected by the runoff of the Volga and the
Ural Rivers [1-3].

The problem of oil contamination of the Cas-
pian Sea has become especially urgent and topical
due to the forthcoming large-scale development of
hydrocarbon sea offshore resources.

Based on the research results in 2003-2005
and 2008-2010, the concentration of heavy metals
(copper, zinc, nickel, etc.) in sea water exceeds the
specified limits. The maximum values were pri-
marily observed in the southeastern shallow water
area, the Kulalinsky threshold zone, and also in the
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As follows from the research results, the south-
eastern shallow-water zone of the Northern Caspi-
an Sea with a slow water exchange; it is exposed
to a rather intensive contamination with the devel-
opment and exploration of oil and gas fields, such
as Tengiz, Kalamkas, Karazhanbas, etc., is the site
of accumulation of toxic compounds. Concentra-
tion of various contaminants (petroleum products
and metals) in the area of the Kulalinsky threshold
located in this sea area has to do with the peculiari-
ties of the area where, according to some research-
ers [4-8], sedimentation and deposition of toxic
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suspended matter occurs under the conditions of
convergence of the eastern and western parts of the
Northern Caspian. Under the conditions of tem-
perature change, reductive-oxidative situation in
this zone, toxicants are recirculated, i.e. secondary
pollution of the aquatic environment occurs. It is
within the limits of this sea area that the mass mor-
tality of seals and sturgeon fish is often observed
over the last 10—15 years [9-12].

Along with hydrocarbons of various origin and
polychlorinated biphenyls, the group of the most
priority pollutants present in the waters of the Cas-
pian Sea includes heavy metals (HM) — products of
both natural origin and those that were brought in
as components of industrial wastes with river flow,
as well as associated with oil production.

To date, a huge number of works have been ac-
cumulated [13—16] devoted to the problem of water
bodies’ contamination with heavy metals. Accord-
ing to many authors, the group of the most common
heavy metals includes manganese, nickel, zinc,
iron, cadmium, lead, copper and salts thereof, typ-
ified by long-term preservation and accumulation
in water, bottom sediments and aquatic organisms.

The aim of the work is to determine metals and
harmful organic substances in the water of the Ka-
zakh part of the Northern Caspian.

Climatic Parameters

Wind direction and velocity. According to the
long-term observations data in the northeastern
part of the Kazakhstan sector of the Caspian Sea,
the eastern wind direction is predominant (average
of the year). In winter, east and south-east winds
prevail. The strongest winds are most likely in
March—April; the weakest are observed in July—
August. The highest recorded (absolute maximum)
wind velocities are as follows: at the nearest mete-
orological station of Kulaly Island — 45 m/s, in the
Fort Shevchenko area — 40 m/s, in the vicinity of
Peshnoy Island — 28 m/s.

Air Temperature and Humidity. In the coastal
region, the annual temperature range can reach 67—
70 °C. The maximum daily average variability is
+2-14 °C. The daily maximum of air temperatures
reaches +39 °C for Kulaly Island and +42 °C for
Fort-Shevchenko; the daily minimum is -28 °C for
Kulaly Island and -25 °C for Fort-Shevchenko.

Precipitation. The average annual amount of
precipitation observed on the shore: Peshnoy Is-
land — 165 mm, Fort-Shevchenko — 132 mm. With
distance from the shore to the high seas, the amount

of precipitation becomes lower (Kulaly Island —
126 mm). In annual precipitation, liquid precipi-
tation prevails. Solid precipitation, such as snow,
granular snow and snow grains are observed on
the eastern coast of the Northern Caspian Sea
from October—-November to March—April. The
average height of the snow cover does not exceed
10-20 cm [17].

2. Materials and methods

Sea water samples were taken during the ex-
pedition from February 7-12, 2017 for the sur-
vey of the northern part of the Caspian Sea on
Mangystau-1 icebreaker on the route from the Ka-
lamkas field through the islands of Kulaly (Seal
Islands) to the village of Bautino (Mangistau re-
gion, Kazakhstan). The work was performed by
the Central Asian Institute for Ecological Research
(Almaty, Kazakhstan) in conjunction with the In-
dependent Center for Research and Evaluation in
the field of organic chemistry (Independent Center
for Investigation and Appraisal in Organic Chem-
istry, Cuers, France).

All the water sample (WS) were collected from
the 10" to 12" February from the sea ice and sur-
face level. Water samples were bottled in special 1
| storage bottles. The water sampling; the require-
ments for the containers used, the volume, methods
of preservation and the retention time were in com-
pliance with the ISO 5667-3:2003. After sampling,
water samples were placed into a cooler (+4 °C) to
maintain a constant temperature. All water samples
were transported by plane to the laboratories of Al-
maty (Kazakhstan) and Cuers (France).

Table 1 shows the coordinates of the water sam-
pling points.

Table 1
Coordinates of the water sampling points
Sampling point Coordinates

1 45° 56N 51°16E

2 45 ° 56N 51°16E

3 45 ° 56N 51°16E

4 45°49,25°N 51°05,89’E
5 45° 44 33N 50 © 44.208E
6 45° 36N 50 ° 24E

7 45°31.08N 50 © 09.86E
8 45°24,78N 49 ° 56.75E
9 45°14.6N 49 ° 53.81E
10 44 °39.569N 50 ° 12.602E
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Water samples analyzes for metals were carried
out at the environmental monitoring laboratory of
«Central Asian Institute for Ecological Research»
LLP in Almaty, and for biogenic elements and or-
ganic compounds — at the laboratory of the «Inde-
pendent Center for Investigations and Appraisals
in Organic Chemistry», Cuers, France.

In the course of the work, the requirements of
recognized international quality standards for the
selection of containers for storage and transporta-
tion of selected samples, conditions for conserva-
tion, labeling, storage and transfer were met.

Sea water samples analysis (for 13 metals: Co,
Cu, Ti, Bi, Ag, V, Al, Be, Sb, Sn, Fe, Cr, Mo)
was carried out by the method of flame and elec-
trothermal atomization using Duo55 B/240Z/Ul-
trAASystem atomic absorption spectrophotometer.
Pre-sample handling was carried out according to
the method for identification of heavy metals in
natural waters. The dosage of pre-handled sample
was 20 pl.

2.1. Screening method

The so-called systematic screening method im-
plemented by the Analytika center (Independent
French chemical laboratory) in is a state-of-the-art
technique for establishing a complete list of chem-
ical molecules present in a sample.

This technique is very different from the reg-
ulatory control practiced by accredited labora-
tories. Indeed, the controls carried out by these
laboratories require them to know, before dosing,
the precise identification of the molecules they are
looking for. This is called «targeted control» or
«targeted dosing.

2.1.1. Targeted regulatory controls

Analysis of complex mixtures in environmental
samples is an extremely difficult task. Since sam-
ple matrices in most cases are complex, traditional-
ly ultra trace analytical methods were specifically
developed for a certain type of sample and group
of substances.

This traditional targeted approach gives good
sensitivity and reliable identification and quantifi-
cation of the target compounds, and has been used
with success for several decades. However, this
traditional approach has a significant drawback as
it always will miss all compounds which were not
selected at the start of the analyses. All unknowns
or other untargeted substances even in high con-

centrations or with severe toxic potential, could be
misses with this targeted method.

Targeted regulatory controls are limited to con-
taminants pre-defined by current regulations. This
simplified procedure is sufficient to meet the needs
of industry and the administration responsible for
monitoring the regulatory compliance of industrial
emissions.

This type of control remains ineffective for con-
taminants whose presence is not anticipated, not
yet regulated, accidental or illegal. It is ineffective
to anticipate the health effects of poly-exposure to
carcinogenic, mutagenic or reprotoxic substances.

2.1.2. Non-target GC-MS screening method:
a powerful tool for selecting environmental pol-
lutants

Analytika’s systematic non-target screening
tools reveal the chemical identity and content of
the organic molecules and/or inorganic elements
in our sample. By applying either gas or liquid
chromatographic methods before introducing the
analysis (compounds of interest) into mass spec-
trometer (GC-MS or LC-MS) scientists achieve
a separation of the mass spectral signals which
make the MS-information easier to understand and
evaluate.

All the samples were prepared in duplicate and
analyzed by different state-of-the-art techniques
for non-target screening analysis. The raw data
from instrumental analysis were treated with new-
ly developed and very advanced software tools tai-
lored to filter out as most as possible of relevant
information.

3. Results and discussion

As a result of the chemical analysis, no cobalt,
copper, iron or chromium were found in any of the
water samples. All water samples contained high
concentration of heavy metals such as vanadi-
um — from 0.255 mg/dm’ to 0.741 mg/dm’ (up to
1.5-7.41 maximum permissible concentra-
tion (MPC), beryllium — from 0.028 mg/dm’ to
0.089 mg/dm? (up to 140-445 MPC) and antimony
— from 0.62 mg/m* to 0.86 mg/dm* (up to 13.2—
17.2 MPC). The maximum concentrations of V and
Be were found in water samples taken at points No.
1 and 2, and Sb — at points No. 1, 6, 7, 8.

The content of other metals (Ti, Bi, Ag, Al, Sn,
Mo) was significantly lower than the permissible
levels or at the low range limits.
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The pH value of sea water was within 7.9-8.1,
which corresponds to an alkaline medium. It was
established that overall water pollution index
(OWPI]) in the studied water area with the depths
of 6-7 m is characterized as «partially clean» [17].

The results of chemical analysis of sea water for
the content of heavy metals are shown in Table 2.

The following are the data on individual ele-
ments with the content exceeding MPC and their
effect on living organisms.

Vanadium — its compounds are widely occur-
ring in nature. In the Caspian Sea, it can get caught
in the process oil production, while burning hydro-

carbon fuel. In water, vanadium forms stable anion-
ic complexes (V,0,,)* and (V,y0,)". In the migra-
tion of vanadium, the role of its dissolved complex
compounds with organic substances, especially
with humic acids, is essential. The concentration of
vanadium in natural waters is insignificant — hun-
dredths and thousands of mg/l. In such quantities,
vanadium does not have any significant effect on
water quality. Obviously, this fact is the reason
why neither the WHO, nor the USEPA, nor the
EU, standardize the content of vanadium in water.

Lungs, bronchi, and the eyes are most affected
by inhalation of vanadium-containing dust.

Table 2
Results of chemical analysis of sea water for the content of heavy metals

Sample Determined Norm according to Results Sample Determined Norm according Results
cipher  indicator the normative mg/dm? cipher  indicator to the normative mg/dm’
document, mg/dm® document, mg/dm?
1 2 3 4 1 2 3 4
pH 6.0-9.0 8.03 pH 6.0-9.0 8.04
Co 0.1 not detected Co 0.1 not detected
Cu 1.0 not detected Cu 1.0 not detected
Ti 0.1 0.03 Ti 0.1 0.03
Sample Bi 0.1 0.01 Sample Bi 0.1 0.01
No. 1 Ag 0.05 0.002 No. 2 Ag 0.05 0.001
A\ 0.1 0.741 (7.41) A\ 0.1 0.701 (7.01)
Al 0.5 0.283 Al 0.5 0.193
Be 0.0002 0.089 (445) Be 0.0002 0.077 (385)
Sb 0.05 0.79 Sb 0.05 0.61
Sn - 0.017 Sn - 0.016
Fe 0.3 not detected Fe 0.3 not detected
Cr 0.5 not detected Cr 0.5 not detected
Mo 0.25 0.002 Mo 0.25 0.001
pH 6.0-9.0 8.11 pH 6.0-9.0 8.02
Co 0.1 not detected Co 0.1 not detected
Cu 1.0 not detected Cu 1.0 not detected
Ti 0.1 0.02 Ti 0.1 0.02
Sample Bi 0.1 0.01 Sample Bi 0.1 0.01
No.3 Ag 0.05 0.001 No. 4 Ag 0.05 0.001
A\ 0.1 0.671 (6.71) A\ 0.1 0.345 (3.45)
Al 0.5 0.221 Al 0.5 0.201
Be 0.0002 0.073 (365) Be 0.0002 0.039 (195)
Sb 0.05 0.68 Sb 0.05 0.71
Sn - 0.013 Sn - 0.014
Fe 0.3 not detected Fe 0.3 not detected
Cr 0.5 not detected Cr 0.5 not detected
Mo 0.25 0.001 Mo 0.25 0.001
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Continuation of Table 2
Sample Determined Norm according to Results Sample Determined Norm according to Results
cipher  indicator the normative mg/dm’ cipher  indicator the normative mg/dm?
document, mg/dm® document, mg/dm®
1 2 3 4 1 2 3 4
pH 6.0-9.0 7.99 pH 6.0-9.0 8.00
Co 0.1 not detected Co 0.1 not detected
Cu 1.0 not detected Cu 1.0 not detected
Ti 0.1 0.02 Ti 0.1 0.02
Sample Bi 0.1 0.01 Sample Bi 0.1 0.01
No.5 Ag 0.05 0.0001 ~ No.6 Ag 0.05 0.0003
A\ 0.1 0.655 (6.55) A\ 0.1 0.289 (2.89)
Al 0.5 0.322 Al 0.5 0.347
Be 0.0002 0.041 (205) Be 0.0002 0.036 (180)
Sb 0.05 0.62 Sb 0.05 0.86
Sn - 0.015 Sn - 0.018
Fe 0.3 not detected Fe 0.3 not detected
Cr 0.5 not detected Cr 0.5 not detected
Mo 0.25 0.001 Mo 0.25 0.001
pH 6.0-9.0 8.15 pH 6.0-9.0 8.04
Co 0.1 not detected Co 0.1 not detected
Cu 1.0 not detected Cu 1.0 not detected
Ti 0.1 0.02 Ti 0.1 0.02
Sample Bi 0.1 0.01 Sample Bi 0.1 0.01
No.7 Ag 0.05 0.0002  No.8 Ag 0.05 0.0002
A\ 0.1 0.255 (2.55) A\ 0.1 0.155 (1.55)
Al 0.5 0.266 Al 0.5 0.253
Be 0.0002 0.044 (220) Be 0.0002 0.032 (160)
Sb 0.05 0.80 Sb 0.05 0.75
Sn - 0.014 Sn - 0.015
Fe 0.3 not detected Fe 0.3 not detected
Cr 0.5 not detected Cr 0.5 not detected
Mo 0.25 0.001 Mo 0.25 0.001
pH 6.0-9.0 8.09 pH 6.0-9.0 8.10
Co 0.1 not detected Co 0.1 not detected
Cu 1.0 not detected Cu 1.0 not detected
Ti 0.1 0.02 Ti 0.1 0.02
Bi 0.1 0.01 Bi 0.1 0.01
Slflfélpgle Ag 0.05 0.001 %;nlilg Ag 0.05 0.001
' v 0.1 0.358 (3.58) ' v 0.1 0.644 (6.44)
Al 0.5 0.188 Al 0.5 0.198
Be 0.0002 0.028 (140) Be 0.0002 0.034 (170)
Sb 0.05 0.67 Sb 0.05 0.66
Sn - 0.013 Sn - 0.014
Fe 0.3 not detected Fe 0.3 not detected
Cr 0.5 not detected Cr 0.5 not detected
Mo 0.25 0.001 Mo 0.25 0.001
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Beryllium is a metal that decomposes when
it gets into water, highly toxic element. It can be
present in the horizon and, as a result, can be con-
tained in water obtained from soil wells. Beryllium
has no taste, color or smell, thus, laboratory test is
the only way to identify it. Beryllium was added
to the list of pollutants of the Environmental Pro-
tection Agency (EPA) in 1994 under the law “Safe
Drinking Water Act” (SDWA), therefore the infor-
mation about its presence and effects is limited.

Beryllium has the property of forming com-
pounds with other elements. These substances
damage bones and lungs. In laboratory animals,
such as rats and mice, prolonged exposure to beryl-
lium compounds caused cancer. In terms of human
body, there is very little evidence that beryllium,
which is contained in drinking water, increases the
risk of cancer [18, 19].

Antimony is a silvery-white metal with a blu-
ish tinge, and it is toxic. It is a tracer element. Its
content in the human body is 10-6% by weight. It
is constantly present in living organisms, but it’s
physiological and biochemical role is not clear.
Antimony has an irritating and cumulative effect.
It accumulates in the thyroid gland, depressing its
function and causing endemic goiter. Antimony
and its compounds are poisonous. Poisoning is pos-
sible when smelting concentrate of antimony ores
and in the production of antimony alloys. Acute
poisoning causes irritation of mucous membranes
of the upper respiratory tract, eyes, and skin. Dust
and antimony vapor cause nasal bleeding, antimo-
ny “metal fume fever”, pneumosclerosis, affect
skin and disrupt sexual functions. Taste perception
threshold in water is 0.5 mg/l. The lethal dose for
an adult is 100 mg, for children — 49 mg. For an-
timony aerosols MPC in the working zone air is
0.5 mg/m? and 0.01 mg/m?® in the ambient air.
MPC in soil is 4.5 mg/kg. In drinking water, anti-
mony is classified as the 2" hazard class with MPC
of 0.005 mg/l, established according to the Limit-
ing Harmful Index. In natural waters, the standard
content is 0.05 mg/dm®. In natural waters antimony
compounds are in a dissolved and suspended state.
Under reductive-oxidative conditions, typical of
surface waters, the existence of both trivalent and
pentavalent antimony is possible [18, 19].

Different elements reveal their peak values in
various tissues of Caspian fish and seals: metals
concentrate more in the liver, in caviar samples,
and in muscle tissue.

Heavy metals are absorbed by phytoplankton,
and then are transmitted along the food chain to

more highly organized organisms. Disruption of
ecological balance in water bodies creates a seri-
ous threat of significant deterioration of the eco-
logical situation as a whole.

Based on the results of chemical analysis for
organic compounds in water samples it is estab-
lished that all samples are contaminated with or-
ganic compounds. The results of chemical analysis
on the content of organic compounds are shown on
the Table 3.

Detected organic compounds: 2,4-dimeth-
yl-1-heptene; trans-salvene;alpha.-pipene; heptane,
2,2,4,6,6-pentamethyl; undecane, 4,6-dimethyl;
nonane, 2,6-dimethyl; nonane, 2,2,4,4,6,8,8-hep-
tamethyl; c3-benzene; hexadecane, 2,6,10,14-te-
tramethyl; c3-benzene; decane, 2,5,6-trimethyl;
decane, 2,6,7-trimethyl; 6-dodecene, (e); 1-de-
cene, 4-methyl ; dodecane; 2,6-dimethyldecane;
I-decene, 3,4-dimethyl; dodecane; benzyl acetate;
2,6-dimethylbenzaldehyde; cyclooctane, methyl;
hexadecane, 7,9-dimethyl; pentadecane, 5-methyl;
octadecane, 6-methyl; tetradecane; phenol, 2,5-bis
(1,1-dimethylethyl); hexadecane; diethyl phta-
late; aucune similitude spectrale, 1-hexadecanol,
2-methyl; 1,2-benzenedicarboxylic acid, monobu-
tyl ester; 2-hexyl-1-decanol; 1,2-benzenedicarbox-
ylic acid, dipropyl ester.

Table 3
Results of chemical analysis of sea water
on the content of organic compounds

Sampling site Amount of  Concentration,
pollutants ng/l

Water sample 1
(seals breeding area) 19 19900
Water sample 2
(seals breeding) 14 37821
Water sample 3
(seals breeding 31 510211
Water sample 4
(seals breeding) 22 66266
Water sample 5 7 0481
(seals breeding area)
Water sample 6
(seals breeding area) 18 58722
Water sample 7
(seals breeding area) 23 92199
Water sample 8
(seals breeding area) 20 66273
Water sample 9
(seals breeding area) 13 30024
Water sample 10

17 68919

(seals breeding area)
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It has been established that sea water samples
are contaminated with several organic chemical
pollutants to varying degrees and from different
sources:

1. Residues of aliphatic hydrocarbons were de-
tected and it was found that the main source of pol-
lution is diesel fuel.

2. Industrial facilities are another major source
of pollution. There were also other organic chem-
ical pollutants found (and identified, with the ex-
ception of one major component), indicating water
contamination from the industrial chemical process.

3. Residual matters of aromatic hydrocarbons
were discovered, evidencing oil production-related
operations there.

4. Conclusions

The conducted chemical analyzes of water sam-
ples indicate contamination of water samples in
selected sites in the Caspian Sea, which negative-
ly affects health not only of the Caspian seals, but
also of other inhabitants of the Caspian Sea. Tak-
ing into account the work carried out, it is neces-
sary to conduct quarterly laboratory studies of nat-
ural environment and biota, in order to determine
the degree of pollution.

In order to improve the habitat and preserve the
biodiversity of marine animals, it is recommended:

- to organize systematic bioecological research
across the entire water area of the Kazakh sector of
the sea to create its own database and promptly ad-
dresstheissuesrelated to protection of marine aquat-
ic ecosystems and utilization of its bioresources;

- to establish strict analytical control over the
inflow of pollutants into transboundary rivers of
Ural and Kigash;

- for competent authorities of all the Caspian
countries to take the necessary measures to elim-
inate pollution of the sea from flooded oil wells,
production and domestic effluents of oil produc-
tion facilities and from oil and drilling muds spill-
ing from offshore installations and platforms.

Thus, data on the accumulation of petroleum
hydrocarbons and heavy metals in the habitat of
Caspian seals characterize the toxicological situa-
tion in the study region.
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