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The article presents and generalizes the results of monitoring of polycyclic aromatic hydrocarbons (PAHS)
in the surface water of the Dnipro River and establish trends in change of their concentrations for the period
2010-2021. It is shown that the levels of PAHs in the water of the Dnipro River increased significantly during
the study period. The average total concentration of PAHs was 181.76+111.42 ng/dm®. The maximum
concentration of PAHs was determined in 2020 and exceeded 300 ng/dm?. For the purpose of comparison,
similar trends in change of PAH concentrations were established for other water systems of the World. In the
natural waters of the rivers of Southern and Central Italy, the Tyrrhenian Sea, the Elbe River, the Ganga River,
the Yangtze River, the Pearl River Delta the average total concentrations of PAHSs for the indicated years
were respectively, ng/dm?3: 878.93 + 275.76; 690.95 + 415.78; 93.05 + 22.98; 6911 + 4068; 173.51 + 145.85;
132.87 + 74.69. The high relative standard deviation, that amounted 24.7-84.1 %, may be explained by the
use of data obtained in different years and by different authors. For most water systems, there is a tendency
to decrease of the total PAH concentration. From the analysis of the ratios between individual PAHSs in natural
waters, it follows that the emission of PAHs is mainly of anthropogenic origin and is related to the processes
of combustion of organic substances. The main sources of pollution are vehicle emissions, coal burning,
operation of coke ovens, leakage of petroleum products, efc.
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HasedeHo U y3azanbHeHO pe3yrnbmamu MOHIMOpUHaY MOAiYUKIIYHUX apoMamuydHux syenesodHie ([AB) y
riosepxHesiti 800i p. [JHiNpo ma ecmaHo8r1eHo meHOeHUil y 3MiHi IXHIX KOHUeHmpauy,iti 3a nepiod 2010-2021 pp.
lMoka3zaHo, wo pisHi emicmy NAB y eodi p. [JHinpo 3Ha4yHo 3pocriu 3a nepiod docrioxeHHS. CepedHs 3a2arnbHa
koHueHmpauis lMAB cmaHosuna 181,76 £ 111,42 He/OMm®. MakcumarnbHy KoHueHmpauito NAB ecmaHoeneHo
2020 p., sika nepesuwjuna 300 He/Om®. [ns nopieHSHHS aHano2idHi meHOeHUii y 3miHi pieHie emicmy [TAB
6yrnu ecmaHoeseHi 0ns iHWux 800HUX cucmem cgimy. B npupodHux eodax pidyok liedeHHOI ma LieHmparbHoi
Imanii, TippeHcbko20 mops, p. Enbba, p. [aHe, p. AHY3u, 0enbmu p. lNepriuHHa cepedHi cymapHi KOHUeHmpau,ii
[MAB 3a eka3aHi poku cmaHoeusnu eidrnosioHo, He/Om®: 878,93 + 275,76, 690,95 + 415,78, 93,05 + 22,98;
6911 + 4068; 173,561 + 145,85; 132,87 + 74,69. Bucoki 3Ha4eHHs1 cepeOHboK8adpamu4yHo20 8i0XUIEHHS, W0
6nu3bko 24,7-84,1 %, MOXHa nosicHUMU 8UKopucmaHHsM daHUX, ompuMaHux y pi3Hi nepiodu ma pisHUMuU
asmopamu. [nsa 6inbwocmi 800HUX cucmeM criocmepieaembCsd MeHOEHUi W000 3HUXEHHS 3az2asibHol
KoHueHmpauii lNMAB. 3 aHanisy criiegidHoweHb Mix iHOugiOyansHUMU MAB y npupoOHuUXx eodax eurnnueae, w0
ewmicis [TAB mae, 8 OCHOBHOMY, aHMPOINO2eHHUU xapakmep i nog’s3aHa 3 ripouecamu 20pPiHHS Op2aHiYHUX
peyvosuH. OcHosHUMU Oxxepenamu 3abpyOHEHHS € 8UKUOU asmompaHCcriopmy, criantoeaHHs1 8yeinsns, poboma
KoKcosux rnedel, 8UMIK HagbmorpoOykmige moujo.

Keywords: KOHUEHTpaLisi, MOHITOPVHI, OpraHiYyHi €KOTOKCUKaHTW, MOMIUMKITiYHI apoMaTu4Hi BYrmneBoAHi,
p. Orinpo
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are
organic substances whose molecules consist of two or
more aromatic rings forming different configurations.
The main source of their emission into the environment
is the incomplete combustion of organic substances.
There are natural and anthropogenic sources of
PAH emission. Natural are forest fires and volcanic
processes, anthropogenic include processes of
burning coal, firewood, gas, household and industrial
waste, car exhaust gases, cigarette smoke, as well as
oil leakages [1].

Distinctive properties of PAHs are hydrophobicity,
thermal stability and stability in the environment. The
compounds of this class are highly toxic, mutagenic,
carcinogenic, teratogenic and immunotoxicogenic
for various life forms. Since PAHs are similar in
their properties to such organic xenobiotics as
organochlorine pesticides (OCPs) and polychlorinated
biphenyls (PCBs), they can also be included to the list
of persistent organic pollutants (POPs) [2].

The US Environmental Protection Agency (US
EPA) recommends monitoring 16 priority PAHs in
environmental objects: naphthalene, acenaphthylene,
acenaphthene, fluorene, phenanthrene, anthracene,
fluoranthene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenzo-
(a,h)anthracene, benzo(g,h,i)perylene. The most toxic
compounds from this list are benzo(a)pyrene and
other five- and six-cyclic hydrocarbons [3].

Since the toxic and carcinogenic properties of
benzo(a)pyrene are the most studied of all PAHSs, it is
used as an indicator of contamination by compounds
of this class in general [4]. Table 1 shows the toxicity
equivalence factors (TEFs) of priority PAHs relative to
benzo(a)pyrene. TEFs represent the relative toxicity
of an individual PAH compared to benzo(a)pyrene and
is used to calculate the total toxicological equivalent
(TEQ) of PAH mixtures. The given coefficients are
rather conditional, since they take into account
only the carcinogenic effect, but do not reflect other
types of toxicity and persistence in the environment.
According to the US EPA, the following compounds

benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene,
benzo(a)anthracene, chrysene.

In most countries, among the 16 priority PAHs, only
benzo(a)pyrene has a clearly established maximum
allowable concentration (MAC) in water. For example,
for drinking water in the EU and Ukraine, the MAC for
benzo(a)pyrene is 10 ng/ dm?3[5, 6]. In some countries,
regulations also apply to some other compounds.
According to the Turkish Legislation (Regulation
on Water Intended for Human Consumption)
implemented in line with the directive of the European
Union, five PAHs (benzo(b)fluoranthene, benzo(k)
fluoranthene, benzo(a)pyrene, benzo(g,h,i)perylene,
and indeno(1,2,3-c,d)pyrene) should be determined
in drinking water. This regulation also stipulates that
benzo(a)pyrene concentration should not exceed 10
ng/dm? while the concentration for the other four PAHs
should remain below 100 ng/dm? [7].

According to the article [8], the total global emission
of PAHs in 2007 was 5.04:-10° tons. Among the total
emissions of PAHs, 6.19 % were in the form of high
molecular weight carcinogenic compounds. South,
East and Southeast Asia were the leading regions in
terms of PAH emissions. They accounted for about
half of the global emission of PAHSs.

The article [9] states that countries such as China
(1.14-10° tons), India (9-10* tons) and the USA (3.2-10*
tons) are the leaders in terms of PAH emissions.
Emission of heavy five- and six-cyclic PAHs in
Germany in 2010 was 191.5 tons. In Great Britain,
total annual anthropogenic emissions of 16 priority
PAHs in 2010 amounted to 621 tons, including 3.23
tons of benzo(a)pyrene [10]. As a result of long-
distance transboundary atmospheric transport, PAHs
can spread regionally and even intercontinentally.

The procedure of PAH determination in the objects
of water systems is quite complex, time-consuming
and expensive. It includes such stages as selection,
concentration, fractionation and purification of the
obtained extracts in order to achieve the necessary
enrichment factor to ensure the sensitivity of the
detectors in the physicochemical methods of analysis
of the target components. At present, the number of
studies on the determination of PAHs in natural waters

are considered carcinogenic: benzo(a)pyrene, is increasing, but the information on the levels of these
dibenzo(a,h)anthracene, benzo(b)fluoranthene, compounds is partial and requires generalization.
Table 1. TEFs of priority PAHs.
PAH TEF PAH TEF
Acenaphthylene 0.001 Chrysene 0.01
Fluorene 0.001 Benzo(b)fluoranthene 0.1
Phenanthrene 0.001 Benzo(k)fluoranthene 0.1
Anthracene 0.01 Benzo(a)pyrene 1.0
Fluoranthene 0.001 Dibenzo(a,h)anthracene 5.0
Pyrene 0.001 Indeno(1,2,3-cd)pyrene 0.1
Benzo(a)anthracene 0.1 Benzo(g,h,i)perylene 0.01
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During the last decades, a number of complex
studies were carried out on the determination of
PAHSs in the objects of water systems of Ukraine, in
particular the river Dnipro. Their results are presented
in the monograph [1], as well as in articles [11-15].

According to their physicochemical properties,
PAHs are non-polar, semi-volatile, low-soluble
organic compounds. For compounds of this class,
the logarithm of the octanol-water partition coefficient
(hydrophobicity coefficient) is 3.01-7.19 [16].
The water solubility decreases from naphthalene
31 mg/dm?® to benzo(g,h,i)perylene 2.6-10* mg/dm?
[17].

As a result, PAHs in natural systems tend to bind
(associate) with suspended particles. The results of
determination of the dispersed-phase distribution of
these ecotoxicants between the aqueous phase and
different fractions of suspended particles are given
and summarized in articles [18, 19]. They indicate
that in the surface water of the Dnipro River, most of
PAHSs (on average — 56%) are in a bound state with
suspended particles. It was established that the water-
soluble fraction of individual PAHs decreases with an
increase of the hydrophobicity coefficient.

As a result of settling of suspended particles, PAHs
accumulate in bottom sediments. Resuspension
of bottom sediments is a source of secondary
contamination of natural water by organic xenobiotics.
Some information on the content of PAHs in bottom
sediments of water systems of southern Ukraine is
available in articles [20, 21]. According to the results
given in [20], the total concentration of priority PAHs in
bottom sediments of Black Sea estuaries ranged from
91.7 to 107.7 pg/kg dry weight. Higher levels of PAHs
were found in bottom sediments in the Dnipro River
reservoirs (Kremenchuk, Zaporizhzhia, Kakhovka
regions). Their total concentration was 1215, 4919,
and 3896 ug/kg dry weight, respectively [22].

Since heavy five- and six-cyclic hydrocarbons are
mainly accumulated in bottom sediments, it is more
appropriate to analyze surface water to assess the
trend in change of total pollution levels over a long
period of time.

The purpose of this study is to generalize the results
of PAH monitoring in the surface water of the Dnipro
River and other river systems of the World, establish
trends in change of total pollution levels during the last
decades, and analyze possible sources of emission of
these ecotoxicants to aquatic ecosystems.

Results and discussion

Analysis of PAHs was carried out in surface water
samples collected from the Dnieper River near Kyiv
during 2010-2021. Monitoring points were located
along an extended urban section and represent
typical conditions of the river’s middle course in a city
environment. Sampling was performed at a depth
of 0.5-1 m using standard bathometers. Collected
samples were analyzed by a methodology consisting
of their extraction, concentration, fractionation,
purification and quantification by the method of high
performance liquid chromatography with fluorescence
detection. A complete and detailed methodology is
given in the monograph [1] and articles [11-14, 19].

The results regarding the concentration of priority
PAHSs in the surface water of the Dnipro River were
obtained for the period 2010-2021 [1, 11-15]. The
averaged data are presented in Table 2. The average
total PAH concentration was 181.76 + 111.42 ng/dm3.
The notably low values were recorded in 2010, 2011
and 2014 (<25 ng/dm?3). These anomalous values
may reflect interannual differences in hydrological
conditions and other environmental factors affecting
PAH transport and distribution, although the available
data do not allow the exact causes to be identified.
Excluding these years, the average amount of PAHs
was 243.22 + 43.37 ng/dmi. The maximum total
concentration of PAHs was observed in 2020, and
reached 303.90 ng/dm?.

As trend analysis shows, there was a steady
increase of the PAH content in the Dnipro River
during the period under study (Fig.1). This trend can
generally be attributed to increasing anthropogenic
pressure on the river basin, including emissions
from transport, industrial enterprises, thermal power
plants, gas stations, and oil depots. Other potential
anthropogenic sources of PAHs include episodic
events such as large-scale ammunition explosions,
which have been reported to release PAHSs into the
environment [23-25].

If the above trend continues, the total level of PAH
will be approximately 425 ng/dm? in 2027 and it will
exceed 500 ng/dm?® in 2030. At the same time, if one
does not take into account the anomalous values of
2010, 2011 and 2014, the trend is more gradual, and
the forecast values will be 321.60 and 345.12 ng/dm?
for 2027 and 2030 respectively.

Table 2. Average total concentrations of priority PAHs in surface water of the Dnipro River.

Year Season C,ng/dm®* Year Season C, ng/dm? Year Season C, ng/dm?
2010  Spring 28.27 2014 Autumn 14.20 2019 Spring 274.96
2011 Autumn 11.12 2016  Spring 230.00 2020 Autumn 303.90
2012  Spring 213.42 2017  Spring 269.76 2021 Autumn 269.30
2013  Autumn 212.35 2018 Autumn 172.03 Average 181.761£111.42
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Fig. 1. Trend in change of total PAH concentration in surface water of the Dnipro River.

The total PAH concentration is calculated as
the sum of the concentrations of individual priority
PAHs measured in the water samples. The average
relative percentage contribution of all priority PAHs
to the total concentration is given in Table 3. The
water of the Dnipro River is dominated by light two-
four-cyclic PAHs, which are characterized by higher
solubility in water and are less toxic compounds. Their
share is 79.20%. In most water samples, the highest
concentrations were determined for naphthalene,
phenanthrene and fluoranthene. The proportion of
most toxic and carcinogenic compounds benzo(a)
pyrene and dibenzo(a,h)anthracene was insignificant
and in total did not exceed 2 %. The proportion of six-
cyclic PAHs, which are characterized by the greatest
stability in the environment, was 12.68%. The total
share of all carcinogenic PAHs according to the US
EPA classification amounted to 15.42 %.

Main anthropogenic sources of PAHs in surface
waters are pyrogenic, i.e. associated with high-
temperature combustion of organic substances (coal,
wood, gasoline, diesel, etc.), and petrogenic, caused
by leakage of oil and petroleum products that have

not undergone thermal decomposition. Since the
temperature and conditions of formation determine
which PAHs are created and in what quantities,
one may obtain some information about the source
of pollution analyzing the ratio of individual PAHs in
natural water. Table 4 shows some ratios between
individual PAHs, which can be used to assess the
source of pollution [26].

In the surface water of the Dnipro River, the marker
ratios of anthracene / (anthracene+phenanthrene);
fluoranthene / (fluoranthene+pyrene); benzo(a)
anthracene / (benzo(a)anthracene+chrysene); were
0.09; 0.88; 0.50, respectively. The last two ratios
indicate that the Dnipro River is characterized by
the predominance of the man-made component
in the PAHs structure caused by the combustion of
organic substances. However the ratio of anthracene
/' (anthracene+phenathrene) was <0.1, which may
indicate that PAH emission into the Dnipro River
caused by a leak of oil products. In addition, a low
value of this ratio may indicate pollution associated
with low-temperature combustion, where the formation
of phenanthrene dominates compared to anthracene.

Table 3. Average relative percentage contribution of individual compounds to the total PAH concentration in

surface water of the Dnipro River.

PAHs Number Rglati.ve PAHs Number Ro:elati_ve
of cycles contribution, % of cycles contribution, %

Naphthalene 2 27.23 Benzo(a)anthracene 4 3.20
Acenaphthylene 3 3.25 Chrysene 4 3.20
Acenaphthene 3 2.43 Benzo(b)fluoranthene 5 5.70
Fluorene 3 1.03 Benzo(k)fluoranthene 5 0.98
Phenanthrene 3 18.28 Benzo(a)pyrene 5 0.68
Anthracene 3 1.88 Dibenzo(a,h)anthracene 5 0.78
Fluoranthene 4 16.45 Indeno(1,2,3-cd)pyrene 6 0.88
Pyrene 4 2.28 Benzo(g,h,i)perylene 6 11.80
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Table 4. Diagnostic Ratios considered for identifying sources of PAHSs.

Marker ratios Diagnostic ratio Sources
Anthracene/ <01 Petrogenic
(anthracene+phenathrene) > 0.1 Combustion
<04 Petrogenic
Fluoranthene/ 0.4-0.5 Fuel combustion
(fluoranthene+pyrene)
>0.5 Coal, grass, and wood burning
Benzo(a)anthracene/ <02 Petrogenic
(benzo(a)anthracene+ 0.2-0.35 Fuel combustion
chrysene) >0.35 Coal, grass, and wood burning

This process occurs in car engines (especially diesel
engines). In some samples, a high contribution of
benzo(g,h,i)perylene to the total PAH concentration
was established, which is characteristic of natural
water systems in large cities and is associated with
intensive traffic [1, 11-15].

For comparison, information on the PAH content
in other water systems in the World was analyzed.
The total concentrations of PAHs in the water of the
rivers of Southern and Central Italy and the Tyrrhenian
Sea [27-30] were quite high and averaged 878.93
+ 275.76 and 690.95 + 415.78 ng/dm?®, respectively.
The concentrations of PAHs in these water systems
remained approximately at the same level. In the
water of the rivers of Southern and Central ltaly, a
certain increase of the content of PAHs was observed
(Fig. 2a). The opposite trend was established for the
Tyrrhenian Sea (Fig. 2b). High concentrations of PAHs
in these water systems can be explained by significant
anthropogenic load in this region. For example, in the
Sarno River basin (Naples region) there are many
powerful industrial enterprises, one of which is the
pharmaceutical plant of Novartis Pharma, that is one
of the largest in the World. The Tiber River basin also
passes through large industrial cities in central Italy,
that contain steel mills (the city of Terni), chemical
plants, paper mills, etc.

The water phase from the rivers of Southern and
Central Italy and the Tyrrhenian Sea is characterized
by the predominance of light PAHs. For example, for
the Sarno River [27] and the Tiber River [28], the part
of heavy five- and six-cyclic PAHs was only 11 and
19 %, respectively. However, in the suspended phase
matter, the part of heavy PAHs is more significant and
for the Sarno River and the Tiber River was 36 and 64
%, respectively. It should be noted separately that the
concentration of benzo(a)pyrene was quite high and
ranged from 12.2 to 63.9 ng/dm?.

From the analysis of marker ratios, it was concluded
that the pollution of these water systems is mainly of
pyrolytic origin and is associated with combustion of
fossil fuels, waste incineration, operation of internal
combustion engines, petroleum cracking, production
of coke, tar, asphalt, etc. In addition to anthropogenic
sources, PAHs can originate as a result of natural

processes. Thus, perylene is formed as a result of
the degradation of biogenic precursors. In ltalian
water systems, the contribution of perylene to the total
PAH amount was insignificant, which indicates the
anthropogenic nature of the pollution.

In paper [31], long-term trend in changes of the
concentration of PAHs in the water of the Elbe River
(Germany) was evaluated. The results are presented
in Fig.2c. The average total PAH concentration was
93.05 *+ 22.98 ng/dm?®. It is estimated that during the
period 2001-2016, the PAH content decreased by
38%.

Light PAHs prevailed in the water of the Elbe
River. However, the part of heavy five- and six-cyclic
were quite high and amounted to an average of 26 %,
while its growth was established for the period 2001-
2016. The contribution of benzo(a)pyrene to the total
concentration was significantly high and amounted
to 6.0%. The total share of all carcinogenic PAHs
according to the US EPA classification was 34.58 %.

A positive matrix factorisation receptor model was
used to identify the sources of PAHSs. It was calculated
that vehicular emissions from gasoline- and diesel-
powered engines were the main PAH sources in the
Elbe River, contributing approximately 42% of the
total mass overall. In addition, coal combustion made
a lower but significant contribution (27 % on average).
A smaller proportion of PAHs are associated with work
of coke ovens and cement plants.

During the past decades, there has been a slight
decrease of the PAH concentrations in the water of
the Ganga River (India) (Fig.2d). According to [26,
32-34], the total concentration of PAHs ranged from
1894 to 10330 ng/dm®. On average — 6911 + 4068
ng/dm®. High concentrations of PAHs are explained
by the rapid growth of industrial production in this
region, which caused an increase of the emission
of pollutants. In 2004, the emission of PAHs in India
amounted to 9.0-10* tons. According to this indicator,
India is among the three world leaders.

Based on data for 2019 the three-cyclic PAHs were
more dominant in water samples from the Ganga
River followed by the four-cyclic PAHs and contained
about 67 % and 28 % of the total PAHs concentration.
Acenapthylene and benzo(a)anthracene were
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Fig. 2. Average total concentrations of PAHs in surface water of the rivers of Southern and Central Italy (a), the
Tyrrhenian Sea (b), the Elbe River (c), the Ganga River (d), the Yangtze River (e)*, the Pearl River Delta (g).
* — total concentrations are indicated excluding naphthalene. A trend line is a graph of an approximating function

that can be used for predictions based on statistical data.

dominant in most surface water samples. The share of
heavy five- and six-cyclic compounds did not exceed
1% [26]. According to data obtained for 2021, the
share of heavy PAHs was also insignificant and
amounted to 3.86 % [34].

For most samples, the marker ratios of anthracene
/ (anthracene+phenathrene) and benzo(a)anthracene
| (benzo(a)anthracene+chrysene) > 0.1 and 0.35,
indicating the pyrogenic nature of the pollution. At
the same time, for 93% of the samples, the ratio
of fluoranthene / (fluoranthene+pyrene) < 0.4, that
indicates that the PAH emission is related to the
leakage of petroleum products. From this it can be
concluded that the pollution of this water system is
caused approximately equally by both pyrogenic and
petrogenic factors [26].

The total PAH concentrations in the water system
of China the Yangtze River [35-39] (Fig.2e) and the
Pearl River Delta [40-45] (Fig.2g) averaged 173.51
+ 145.85 and 132.87 = 74.69 ng/dm?3, respectively.
For the Yangtze River, there was a tendency to
decrease of the PAH concentration in the water. In
the water of the Pearl River Delta, the concentration
of PAHs did not change significantly during the study
period. The stabilization and some reduction of PAH
concentrations in China’s water systems can be
attributed to the decrease of the coal part for energy
production. Instead, there was an increase of the use
of natural gas, which ultimately reduces the emissions
of PAHs.

Pollution of the Yangtze River is mainly associated
with three- and four-cyclic PAHs [38]. Their share
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accounted for 58.2 and 13.9% of the total amount,
respectively. Similar results are given in the article
[37]. The relative content of carcinogenic PAHs was
15.6 %.

To determine the sources of PAH emission, the
principal component analysis coupled with multiple
linear regression model was used. It is estimated that
67 % of emissions are caused by coal combustion and
coke production. The rest of the pollution is related to
gasoline and diesel vehicles, natural gas [38].

In the water of the Pearl River Delta the highest
concentrations were determined for naphthalene,
phenanthrene and fluoranthene. The part of heavy
PAHs did not exceed 10%. Part of benzo(a)pyrene
accounted for 3.45 % of the total PAHcontent [45]. In
the same aquatic system, the proportion of benzo(a)
pyrene in sediments was found to be two times higher
(7.15%), which confirms the assertion that bottom
sediments are a source of secondary water pollution
with heavy carcinogenic PAHs.

In paper [43], with usage of the principal component
analysis coupled with multiple linear regression model
contributions to the total PAHs emission from various
types of activity were calculated. The parts from coal
and wood burning, coke production, vehicle exhaust,
and oil leakage were 28, 25, 22, and 21 %, respectively.
Only 4 % of the emission of PAHs is associated with
natural processes.

So, of the seven considered water systems,
in five there is a tendency to decrease of the total
content of PAHs. The concentrations of PAHs in
the water of the rivers of Southern and Central ltaly
remained at approximately the same level. A clearly
expressed tendency to increase the content of PAHs
was established only for the Dnipro River. This fact
points to the need of PAHs monitoring in Ukrainian
water systems and implement measures to limit their
emissions. In general, the overall levels of PAHs in the
water of the rivers of Southern and Central ltaly, the
Tyrrhenian Sea, and the Ganga River are significantly
higher than in the Dnipro River. In the water of the
Elbe River (c), the Yangtze River (e), and the Pearl
River Delta (g), the concentrations of PAHs are
approximately at the same level as in the Dnipro River.

Conclusions

The article examines and analyzes the results of
PAH monitoring in the surface water of the Dnipro
River, obtained for the period 2010-2021. The
calculated average PAH concentration was 181.76
+ 111.42 ng/dm?3. Two- to four-ring PAHs, which are
characterized by higher solubility in water and are less
toxic compounds, prevailed. A trend in an increase of
PAH levels in the water has been established. The
maximum concentration of PAHs was observed in
2020 and reached 303.90 ng/dm?.

For comparison, data on PAH monitoring in some
water systems of the World are given. The average
total PAH concentrations in the water of the rivers

of Southern and Central ltaly, the Tyrrhenian Sea,
the Ganga River turned out to be higher than in the
Dnipro River and amounted to 878.93+275.76; 690.95
+ 415.78; 6911 + 4068 ng/dm3. The following values
were obtained for the Elbe River, the Yangtze River,
the Pearl River Delta — 93.05 + 22.98; 173.51
145.85; 132.87 = 74.69 ng/dm?, which are close to the
Dnipro River.

For most of water systems of the World, there is a
tendency to decrease of the total PAH concentration.
The most clearly expressed trend is established for
the Ganga River and the Yangtze River. In the water
of the Tyrrhenian Sea, the Elbe River and the Pearl
River Delta, PAH levels decreased slightly. PAH
concentrations in the water of the rivers of Southern
and Central Italy remained at approximately the same
level.

The main sources of PAH emission are vehicle
emissions, coal burning, operation of coke ovens,
leakage of petroleum products, etc. The PAH emission
associated with natural processes is insignificant.
It follows that with the help of measures aimed at
limitation of the PAH emission, it is possible to achieve
a decrease of their concentration in natural waters.
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