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Abstract

Purpose The purpose of this paper is to study the responses of
soil biological parameters as indicator of ecological status on
PAH-contaminated soil.

Materials and methods Studies are conducted on the soils and
natural grassy vegetation of monitoring plots subjected to
Novocherkassk power station (NPS) emissions. Monitoring
plots were established at different distances from the NPS
(1.0-20.0 km).

Results and discussion The level of polycyclic aromatic hy-
drocarbons (PAHs) around NPS is the highest at the monitor-
ing plot located at distance 1.6 km to the northwest through
the prevailing wind direction. Gradually, decrease of PAHs
was observed while increasing the distance from the NPS
through the prevailing wind direction. Calculation of correla-
tions between PAH level and biological activity parameters of
soils showed lack of dependence with total and every PAH
content in all 12 studied monitoring plots. The most signifi-
cant correlations were found between PAH content and en-
zyme activity in the monitoring plots situated through the
prevailing wind direction from NPS.

Conclusions The main pollution source in the studied area is
NPS. It was found that contamination of soil by PAHs has a
direct dependence on the activity of all biological
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communities in chernozems, as well as the activities of dehy-
drogenase and the phytotoxicity of soils. Inverse correlations
have been revealed between the PAH contamination and
abundance of soil bacteria.

Keywords Effect - Enzymes - Plant - Polycyclic aromatic
hydrocarbons (PAHs) - Soil - Soil bacteria

1 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are one of the most
significant environmental contaminants with mutagenic and car-
cinogenic properties to all living organisms (Tsibart and
Gennadiev 2013; The state of food and agriculture, 1998).
Sixteen PAH compounds are obligatory controlled all over the
world that is regulated by legislation because of their carcinoge-
nicity, mutagenicity, and toxicity (Jian 2004; Wenzl et al. 2006).
These compounds are very persistent and hydrophobic in envi-
ronmental objects especially during soil contamination because of
complicated soil matrix structure (Antizar-Ladislao et al. 2006).

Soil has a high ability to PAH accumulation that causes a high
availability of these compounds to plants (Gabov et al. 2010;
Gennadiev and Tsibart 2013). The changes in microbial commu-
nity structure in technogenic-polluted soil may be used as tools for
predicting and monitoring natural degradation (Jain et al. 2005).
Soil microbial community structure in the technogenic pollution
conditions has the main significance in remediation can also be
used for search for the most effective and appropriate pathways of
bioremediation (Demmerova et al. 2005; Pérez-Leblic et al.
2012).

PAHSs presence in soils and plants is connected with the in-
creased level of the technogenic pressure. PAH accumulation in a
soil surface is involved in the processes of distribution in the soil-
plant system and migration in a soil profile that is depended on
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soil enzyme and microbial activity (Garcia et al. 1997; Pascual
et al. 2000) and on sorption properties of a soil matrix (Tsibart
and Gennadiev 2013). BaP background content in plants and the
majority of mineral soils fluctuate within 0.1-5.0 pg/kg whereas
for some chernozems and peaty soils are characterized by more
high level of BaP—15.0-20.0 nug/kg. That is caused by the in-
creasing contents of highly condensed organic substances and
specific structure of soil microbial community. The parameters
of biological activity interaction of soils in technogenic areas are
important object for control of BaP environmental pollution
(Sastre and Vicente 2003).

Several microbiological parameters have been used to define
the soil ecological status and the effects of PAH contamination on
soils, such as dehydrogenase activity, urease activities, soil bac-
terial abundance, and integrated biological indices (IBIs) (Jain
et al. 2005; Liu et al. 2014; Wu et al. 2014; Hadibarata and
Kristanti 2012; Rodriguez-Morgado et al. 2015).

Soil enzymes are the catalysts of important metabolic process-
es including the decomposition of organic pollutants and the de-
toxification of xenobiotics (Margesin et al. 2000a, b). Soil en-
zymes activity considered to be sensitive to pollution and have
the further advantage to be used as a bioassay instrument.
Parameters of soil enzyme activity are used as indicators for mea-
suring the soil pollution level. Dehydrogenase and urease are the
most important soil enzymes and frequently used test for deter-
mining the influence of the various pollutants including PAHs on
the biological parameters of soil (Shen et al. 2005). Several re-
searchers investigated the effect of PAHs on urease and dehydro-
genase activity (Lipinska et al. 2015). Margesin et al. (2000a)
proved a positive influence of naphthalene and phenanthrene on
urease activities and gave the correlation for urease activity and
phenanthrene content (Margesin et al. 2000a, b). Some re-
searchers show the positive correlation between soil biological
activity and PAHs presence (Margesin et al. 2000a, b; Shen
et al. 2005; Demmerova et al. 2005), some of them show the
negative correlation (Unbehaun et al. 2000; Baran et al. 2004),
but all articles acquaint with possibilities of using soil microbio-
logical parameters as indicator of pollution by PAHs.

The present study is aimed to research the biological activ-
ity of the soil in the emission zone of Novocherkassk power
station (Russia) polluted by PAHs in 2015.

2 Materials and methods
2.1 Experimental area

The objects of the study are soils of the joint area to the
Novocherkassk power station (NPS). The NPS is one of the
largest thermal power stations in the south of Russia. It is classi-
fied among the enterprises of I hazardous class. The NPS is
located in the Rostov region at 7.5 km to the southeast of the
Novocherkassk city. The NPS is the main plant polluting the

atmospheric air and the soil in Rostov region. The dynamics of
pollutant emissions from the NPS during the last 50 years of
continuous exploitation was 240-260 thousand tons annually till
1994 and 130-150 thousand tons annually after 1995
(Ecological Bulletin of the Don Region 2015). The coals deliv-
ered to the NPS are enriched with a wide range of PAHs, toxic
elements, and radionuclides (Minkina et al. 2014; Sushkova et al.
2016a, b, c). Most pollutants (90%) fall to the Novocherkassk
city. This is related to the location of the NPS with direction to the
city: the nonobservance of the 10-km sanitary zone (7.5 km from
the Novocherkassk, close to the settlements of Donskoi and
Krivyanskaya) and the prevailing (mainly southeastern and
northwestern) wind directions.

Monitoring plots were established at different distances (1—
20 km) from the NPS in 2000. The main direction from the
contamination source through the residential zones of the
Novocherkassk city and the Krivyanskaya village was deter-
mined in accordance with the prevailing winds (Fig. 1).
Monitoring plots were located on virgin or no-till fallow areas
and not subject to the sanitary-protection zone of the NPS. Soil
samples were taken from a depth of 0- to 20-cm, because the
major part of PAHs are accumulated in the surface soil layer.

2.2 Soil sampling

In this study, 12 surface soil samples (0—20 cm) were taken around
the Novocherkassk power station (Minkina et al. 2013). Field-
moist samples from both sampling batches were manually and
gently crumbled and sieved (<2 mm) to remove root material
according to GOST 17.4.4.02-84 (GOST 17.4.1.02.-83 2004)
requirements. The samples were transported to the laboratory
for analysis at the same day of sampling and refrigerated at 4 °C
for no longer than 72 h prior to analysis. Samples were analyzed
for their physicochemical properties, PAHs content, and microbi-
ological properties.

The soil microbiota and plants are among the major co-
receptors of NPS; especially, the soil-microbial biomass
serves as a pool of nutrients and is a sensitive indicator of
microbial changes in soils (Atlas 1984).

2.3 Soil analyses
2.3.1 Soil physicochemical properties

Physicochemical analyses were conducted on air-dried sam-
ples stored at room temperature and from which crop residues,
root fragments, and rock larger than 2 mm in diameter had
been removed. Selected soil physicochemical properties were
determined according to the Methodological guidelines for the
integrated monitoring of soil fertility of agricultural lands
(2003). Physicochemical and agrochemical properties of the
studied soils are represented in Table 1. Most of the area in the
affected zone of the NPS occupied by Haplic Chernozem
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Fig. 1 Schematic map of monitoring plots in the zone affected by the NPS

(plots 1,4, 5,7, 9, and 10), Phacozems Haplic (plots 3, 6, 8, The Co and MCS have thick humus horizons (70-100 cm),
and 11), and Fluvisols Umbric (plots 2 and 12) also occur in  relatively high content of humus (4.1-5.0%), and high cation
the Tuzlov River floodplain of the studied zone (Table 2) exchange capacity (CEC) (31.2-47.6 cmol(+)kg), including a
(IUSS Working Group WRB 2015). high content of exchangeable calcium (76-90% of total

Table 1  Physicochemical and agrochemical properties of soils on the monitoring plots in the region of the Novocherkassk power station

Direction from Plot Distance, The sum of the Clay (the sum of the Humus, CEC, pH CaCO;, NH,", P,0s, K0,
the NPS no. km particles with size particles with size % cmol(+)/ % mg/ mg/ mg/
<10 pm, % <1.0 um), % kg 100g 100g 100¢g

Chernozems Calcic

Western 5 1.2 534 29.4 4.1 37 75 0.7 2.7 2.7 40.0

Northwestern 4 1.6 54.7 30.9 45 37 75 1.0 3.0 3.8 32.0

9 150 522 27.1 4.0 41 78 12 1.8 3.6 36.0

10 20.0 53.0 27.8 39 37 7.6 0.6 3.5 32 35.0

Northern 7 1.5 50.6 26.5 42 34 7.6 0.8 2.5 3.5 40.0

Northeastern 1 1.0 523 29.1 39 40 7.6 0.6 2.8 39 34.0
Phaecozems Haplic

Southwestern 3 2.7 67.0 36.8 43 47 8.0 74 0.8 3.5 42.0

Northwestern 6 2.0 55.3 29.3 44 39 8.0 7.7 0.9 4.1 33.0

8 5.0 59.8 324 5.8 44 79 79 0.6 4.5 39.0

Southeastern 12 1.0 30.0 14.0 1.4 28 79 7.6 0.2 3.7 36.0
Fluvisols Umbric

Southwestern 2 3.0 6.9 2.5 2.3 13 7.7 04 2.5 2.0 25.0

Southern 11 1.1 40.0 17.0 2.3 25 8.0 0.2 2.7 4.0 28.0
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Correlations between priority PAH content and biological activity parameters of soils of monitoring plots situated though the prevailing wind direction from NPS

Table 2

Biphenyl  Acenaphthene

Acenaphthylene

Dibenz (a,h) anthra cene

Pyrene

Fluoranthene

Anthracene

Benzo

Correlation between PAH content and biological parameters of soil

(a)pyrene

0.79
0.90
0.86
—-0.75

0.75

-0.98
—0.64
—-0.52

—-0.50
0.

Apg, mg TTP 10 g-1 dry soil 24 h-1

0.95
0.80
—0.98

0.86
0.99
—0.85

0.81
0.95
—0.88

0.97
0.

99

Ayr, mg NH3 10 g-1 dry soil 24 h-1

0.96
—-0.96

Root length, mm
Ag, 109 CFU g-1 dry soil

—0.04

—0.98

Naphthalene Fluorene Phenanthrene Benz

Benzo

Benzo

Correlation between PAH content and biological parameters of ~ Benzo

soil

PAHs

(g,h,i)perylene

(k)fluoranthene (a)anthracene

(b)fluoranthene

-0.57

Apg, mg TTP 10 g-1 dry soil 24 h-1

0.86
0.61
-0.91

0.82
0.93
—0.91

0.81
0.98
—0.81

0.50
0.80
-0.57

0.60
0.84
—0.71

0.50
0.65
—-0.67

Ayr, mg NH3 10 g-1 dry soil 24 h-1

0.73
—-0.53

0.55
—0.60

Root length, mm
Ag, 109 CFU g-1 dry soil

Apg activity of dehydrogenases, Ay activity of urease, Ap abundance of soil bacteria (

exchangeable cations), and neutral or weak alkaline reaction
(PHywater 7.4-7.7) (GOST 26423-85 1985). According to particle
size distribution, they belong to heavy loamy and light clayey
varieties developed on calcareous loess-like rocks. The climatic
index of biological productivity (Bc) is 90—100 under natural
conditions and 170-175 under optimum wetting conditions.
The sufficient amount of heat and precipitation forms soils with
high natural fertility and the enrichment with carbonates from the
parent rocks favors the development of high buffering properties.
The alluvial soil has light texture, thinner humus horizon (40—
60 cm), lower humus content (lower than 3.1%), and lower
CEC (10.6 cmol(+)/kg) with a relatively high content of ex-
changeable calcium.

2.3.2 Soil microbiological analysis

Dehydrogenase activity (ADG, EC 1.1.1) was determined ac-
cording to Kazeev and Kolesnikov (2012) of the standard
methods of ecology and soil biology (Khaziev 2005). Moist soil
(1 g) was treated with 1 mL of 1% glucose solution and 1 mL of
1% TTC (2,3,5-triphenyltetrazolium chloride) in purified water
(pH, 6.6) for 24 h in darkness at 30 °C. The thiamine triphosphate
(TTP) formed extracted with an ethanol TTP was measured by
spectrophotometry method at 540 nm using the extracting solu-
tion as a blank. Data was expressed as mg TTP 10 g~ dry soil
24h".

Urease activity (AUR, EC 3.5.1.5) was measured accord-
ing to Kazeev and Kolesnikov (2012). Five mL of 3% urea
substrate solution was added to 1 g of dry soil, and subse-
quently the samples were incubated for 24 h at 30 °C. The
released ammonium was determined by spectrophotometry
method at 400 nm. Results were expressed as mg NHj
10 g " dry soil 24 h™".

The abundance of soil bacteria (AB) was determined by the
Zvyagintsev method of luminescence microscopy (Kazeev
and Kolesnikov 2012; Zvyagintsev 1991). Results were
expressed as 10° CFU g dry soil.

2.3.3 PAH determination methods

PAHs are extracted from the soils of the objects under study
by the standard method using for the removal of the interfering
soil components by saponification (Directive document
52.10.556-95 2002; Sushkova et al. 2015, 2016b, ¢).

A 1-g portion of the prepared soil was put into a pear-
shaped flask for rotary evaporator; 20 mL of 2% KOH solu-
tion in ethanol was added, and the mixture was refluxed on a
water bath for 3 h. The saponification of lipids and gummy
soil components occurred during the refluxing, which in-
creased the recovery of PAHs and reduced the amount of
coextracted substances in the extract. The supernatant
decanted into an Erlenmeyer flask, and 15 mL of n-hexane
and 5 mL of distilled water added for the better separation of
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Fig. 2 Content of PAHs in the 2500
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the layers. The mixture was shaken on a rotary shaker for
10 min and transferred into a dividing funnel. The hexane
layer was poured into a separate vessel. The residue in the
flask was extracted twice more in a similar way. The com-
bined hexane extract was washed with distilled water to neu-
tral pH (using litmus as an indicator), transferred into a dark
vessel with a close lid, and desiccated by adding 5 g of anhy-
drous Na,SO,. After exposure at +5 °C for 8 h, the desiccated
extract was decanted into a dry round-bottomed flask and
evaporated to dry on a rotary evaporator at a bath temperature
of 40 °C. The dry residue dissolved in 1 mL of acetonitrile.

The content of BaP in the test samples was determined by
the external standard method (Procedure of measurements. ..
2008). The content of BaP in the soil calculated from the
equation

Cs:kSixcsth/(Sstxm), (1)

where C is the content of BaP in the soil sample (ug/kg); Sy
and S; are the BaP peak areas for the standard solution and the
sample, respectively; Cy, is the concentration of the standard
BaP solution (ug/kg); k is the recovery factor of BaP from the

@ Springer

Number of monitoring plot, distance from NPs

sample; Vis the volume of the acetonitrile extract (mL); and m
is the mass of the sample (g).

Data were processed using STATISTICA 11.0. All results
presented as averages of three replicates.

During monitoring of PAH contamination in the NPS emis-
sion zone in 2015, it determined 15 priority PAHs in the soil
samples: benzo(a)pyrene, anthracene, fluoranthene, pyrene,
dibenz(a,h)anthracene, acenaphthylene, biphenyl,
acenaphthene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)anthracene, naphthalene, fluorene, phenanthrene,
and benz(g,h,i)perylene. The total PAH content in soil sam-
ples counted as a summary of 15 PAH content.

3 Results

The maximum of PAH pollution of monitoring plots
was observed in the northwest direction from the
NPS at a distance of 1.6 km and consists
1600.1 = 14.7 ug/kg. Location of this monitoring plot
belongs to the northwest direction the main prevailing
wind direction from NPs. It was observed in a
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Fig. 3 Enzymes activity of soils 70,00
in the soil of monitoring plots

(activity of dehydrogenases 60,00 -
(Apg); activity of urease (Ayg)).

a Situated though the prevailing 50,00
wind direction from NPS. b

Situated around NPS
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maximum level of soil contamination at a distance of
1.0-1.2 km in the northwest direction by all of PAHs,
include main marker of pollution benzo(a)pyrene grad-
ually decreasing with distance from the enterprise (Fig.
2A). The received data was conformed by previous
research of PAH accumulation by soil in NPS zone
(Sushkova et al. 2015, 2016b, c¢). The level of PAH
pollution of monitoring plots in the northwest direction
decreasing at the distance 5.0nw and 15.0nw up to
741.0 + 8.6, 383.1 + 4.6 ng/kg, respectively (Fig. 2A).

The content of total PAHs in monitoring plot 10 (20.0 km to
the northwest) 20.0nw increased up to 759.6 + 12.4 ug/kg com-
pare to plot 15.0nw. The soils on the most remote monitoring plot
10 (20.0 km to the northwest) occupy a special place in the de-
scription of the affected zone of NPS. The obtained data indicate
the presence of additional sources of pollutant emission near the
plot: exhausts from motor vehicles on the M-4 Don highway,
which passes at 350 m from the sampling site. The plot is located

se)
O Content of ADG, mg TTP
10 g-1 dry soil 24 h-1

B Content of AUR, mg NH3
10 g-1 dry soil 24 h-1

within the V-shaped area enclosed by two highways (the Rostov
—Moscow highway from the northwest and the Rostov
—Novocherkassk highway from the southeast), which results in
the contamination of soils with vehicle exhausts containing
PAHs. In addition, this plot is apparently subjected to the plumes
from the Novocherkassk dumps, as well as combustion products
formed at the stove heating of houses in the village Grushevskaya.
Nonetheless, the accumulation of the pollutant in the soil due to
the additional emission sources is significantly lower than that
caused by the NPS.

The abrupt decrease in the content of PAHs in the
soil of monitoring plot 5 (1.2nw) reached up to
764.3 + 7.4 compared to plot 1, 6nw (by more than
2.1 times) indicates that the distribution area of the
densest plume containing the maximum amount of pol-
lutant is about 5 km to the northwest, and the maximum
fallouts are observed at a distance of about 1.6 km
(Sushkova et al. 2017) (Fig. 2B). The areas located
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Fig.4 Root length of plants growing in the soil of monitoring plots. a. Situated though the prevailing wind direction from NPS. b. Situated around NPS

around the NPS up to 3 km in the northern/northeastern and
southwestern directions are less contaminated. The level of con-
tamination of all soils located around NPS mostly depends on soil
physicochemical and agrochemical properties.

It should be noted that the soils of the plots located at 1-2 km to
the north and northeast of the plant are almost not subjected to the
impact of polluting emissions. During the entire period of obser-
vations, the content of PAHs in the 0- to 20-cm layer of soils on
these plots is located at a short distance from the plant (1-2 km)
(Fig. 2B). An exception is the soil on plot 1, which is the closest to
predominant wind direction plots, where the concentrations of
PAHs in the 0- to 20-cm layer reached 812.5 + 21.4 ug/kg (Fig.
2B).

The analysis of changes in the biological activity parame-
ters of soils showed uncertain tendencies depending on the
distance from and orientation with respect to the NPS (Figs. 3,
4, and 5). According to the scale developed by Zvyagintsev

@ Springer

(1978), the chernozems and the meadow-chermozemic soils
(Table 1) are considered as highly enriched with dehydrogenases
(>30 mg TTP 10 g ' dry soil 24 h™"), and the alluvial soils are
considered as enriched with them (10-30 mg TTP 10 g ' dry soil
24 h ") (Zvyagintsev 1991). From the activity of urease, the soils
on all plots, except the alluvial meadow soil (plot 2) considered
as medium enriched (10-20 mg NH; 10 g ' dry soil 24 h™").
According to the bacterial abundance, the soils on all plots can be
considered as medium enriched, except plot 11 assessed as rich
(8.1 10° CFU g ' dry soil) (Fig. 3).

In chernozems, an increase in the activity of dehydrogenases
and urease and the phytotoxicity (root length) with approaching
the NPS was observed on the plots in the northwestern direction.
A decrease in the abundance of soil bacteria in chernozems was
observed in the near impact zone of the NPs: 4.1 10° CFU g ' dry
soil at a distance of 1.2 km (plot 5) compared to 4.6 10° CFU g_1
dry soil at 15 km. Similar tendencies traced for the meadow-
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Fig. 5 Abundance of soil 6,00
bacteria (Ag) of monitoring plots.
a. Situated though the prevailing
wind direction from NPS. b.
situated around NPS
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chernozemic soils: when the distance in the northwestern direc-
tion from the NPS increased, the activity of dehydrogenases de-
creased (by 25-30%), as well as the bacterial abundance (plots 4,
6). A decrease in soil phytotoxicity was observed with increasing
distance from the NPS: the radish root length was 14.4 and
19.1 mm at 2.0 and 5.0 km, respectively (Fig. 4).

The enzymatic activity of alluvial soils significantly
varied depending on their location with respect to the
NPS: the activities of dehydrogenases and urease in the
alluvial soil on plot 2 in the southwestern direction were
lower than those on plot 11 in the southern direction by
30-70% (Fig. 3B), and the radish root length increased by
20% (Fig. 4B). Thus, the differences in biological activity
parameters depend not only on the distance from the NPS,
but also on the type of soil. The biological activity of
alluvial soil significantly differs from those of the other
soils: the activity of dehydrogenases is lower by 2-3.5
times, the activity of urease is lower by 1.5-2 times, and
the abundance of soil bacteria is lower by 2-2.5 times.

4 Discussion

To substantiate the source of PAH intake into the studied soils,
the measured PAHs are divided into the two groups: low-
molecular (containing three and less aromatic rings) and
high-molecular (containing four and more aromatic rings).
This approach allows to identify the main components that
determine the toxicological activity of the environment medi-
um. Content of low- and high-molecular PAHs in the studied
soil shows that the level of high-molecular PAHs exceeds the
level low-molecular PAHs in all monitoring plots situated
through the prevailing wind direction from NPS (Fig. 6A).
This fact explains that the main source of contamination of
studied soils situated at the prevailing wind direction is
technogenic emissions of the factory working at the low-
quality coal.

PAH content in the soil of monitoring plots situated around
NPS have exceeds level of low-molecular PAHs compare to
high-molecular PAHs, exclude monitoring plot situated most
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Fig. 6 Content of low- and high-
molecular PAHs in the soil of
monitoring plots. a. Situated
though the prevailing wind direc-
tion from NPS. b. Situated around
NPS

Fig. 7 Correlations between the
total PAH content in soils of NPS
emission zone and biological
activity parameters of soil. Note:
activity of dehydrogenases
(Apg); activity of urease (Aygr);
abundance of soil bacteria (Ag)
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close to the prevailing wind direction (plot 5, 1.2 km to the
west) and monitoring plot situated the most closest to factory
from the southeastern side (plot 12, 1.0 km to the southeast)
(Fig. 6B). Plot 12 contamination by high-molecular PAHs is
caused by the spread of the prevailing winds to the southeast
also. Despite that, total level of all PAHs does not exceed the
level of contamination in the northwest direction (Fig. 6B).

Calculation of correlations between PAH level and biolog-
ical activity parameters of soils showed lack of dependence
with total and every PAH content in 12 studied monitoring
plots (Fig. 7). It caused the different nature of contamination
of all 12 monitoring plots and different relations between
high- and low-molecular PAH content in soils (Table 2)
(Tobiszewski and Namiesnik 2012; Lipinska et al. 2015).

The most significant correlations were found between
PAH content and biological activity parameters in the
monitoring plots situated through the prevailing wind
direction from NPS. Level of dehydrogenases has high
positive correlation with technogenic accumulated biphe-
nyl, acenaphthene, and negative correlation with anthra-
cene content in studied soil. The low-molecular PAH
content of soil influenced activity of dehydrogenases
positively. Low-molecular PAHs are the most suitable
substratum for enzyme activity, could be an easy power
source for dehydrogenases in chernozem soil.
Anthracene content in studied soils does not exceed
21.2 £ 0.4 pg/kg it is found a probability of negative
influence at dehydrogenase activity.

Urease activity of monitoring plots has a positive correla-
tion with 12 PAHs detected in the studied soils (Margesin et al.
2000a, b; Shen et al. 2005; Demmerova et al. 2005) exclude
biphenyl, benzo(a)anthracene, and naphthalene. The activity
of soil urease strongly depends on high content of 12 priority
PAHs in technogenic polluted soil. Inverse correlation for ure-
ase activity from biphenyl, benzo(a)anthracene, and naphtha-
lene are caused by their low-molecular structure. Only
benzo(a)anthracene has four aromatic rings and can be attrib-
uted to the group of high-molecular compound. This fact al-
lows that urease activity of studied soils increases with high
level of PAHs. For urease activity, a negative correlation with
anthracene is observed. The present PAH compound has neg-
ative correlation with both of studied enzymes in the affected
soils. The influence of PAH level on the soil phytotoxicity
(root length) showed the same correlations with urease activ-
ity. This fact proves the reliability of received data. It means
the particular stimulation of plants growth and enzyme activ-
ity under technogenic pollution by PAHs by adapting of soil
micro-biota to extreme organic pollution (Table 2).

The abundance of soil bacteria has a negative correlation
with PAH level exclude anthracene in affected zone.
Anthracene is a special compound for all biological soil activ-
ity parameters. It has no relations with abundance of soil bac-
teria and negatively influences on dehydrogenase, urease and

soil phytotoxicity (root length) in the long-term contaminated
area while other PAHs has positive correlations with above-
listed parameters.

5 Conclusions

The most subjected to technogenic pollution in 2015 were
monitoring plots situated through the prevailing wind direc-
tion from NPS. It was established that ratio of low- and high-
molecular PAH content in soils of monitoring plots is the
indicator of technogenic pollution soils. In the soil of moni-
toring plots located though the predominant wind direction
prevails the content of high-molecular PAHs, but in the soils
of monitoring plots located around NPS prevails the content
of low-molecular PAHs. Soil contamination by PAHs in the
affected zone has negative influence at the abundance of soil
bacteria. It was observed that 12 from 15 determined PAHs in
soil has positive correlation with biological activity parame-
ters of soil, like activity of dehydrogenases, activity of urease
and and phytotoxicity level (root length) only for soils of
monitoring plots located in the predominant wind direction
(1.6 nw, 5.0 nw, 15.0 nw, 20.0 nw). Other monitoring plots
located around have a lack of dependence with total and every
PAH content because of different relations between high- and
low-molecular PAH content in soils.

Thus, in Haplic Chernozems, an increase of the dehydro-
genases, urease activity and the phytotoxicity (root length) is
observed on the plots in the northwestern predominant wind
direction. Relations between PAH concentration and biologi-
cal activity parameters of soils showed high dependence with
total and individual PAH content in 12 studied monitoring
plots.
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