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The article presents the results of measurements of the atmospheric quality in “Kolomna” municipal solid
waste (MSW) landfill, the visual assessment of plant life and analysis of morphological parameters of leaves,
which grow in experimental and control areas, and the 3D concentration spreading of landfill gas emission. The
main idea is to identify the influence of landfill gas emission and morphological parameters of leaves, which
grow near the landfill. By factor analysis, we proved the factor value of landfill gas emissions on the morpho-
logical parameters of leaves and revealed the main factors which could change the morphological parameters
of leaves in experimental and control areas.
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Introduction

Currently, one of the most popular methods of the  This method is much cheaper for many industrial-
municipal solid waste (MSW) disposal is landfill dis-  ized countries (Maamari et al.,, 2017) because all the
posal (Cesoniene et al, 2017; Owusu et al., 2017).  collected waste is immediately sent to landfills. For
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example, in Moscow region, more than 90% of MSW
is delivered to a dumpsite (Mamadzhanov and La-
tushkina, 2016). However, from the environmental
point of view, this method is very dangerous for the
environment, because all this waste after its decom-
position could create new toxic compounds such as
landfill gas emissions and leachate (Zaltauskaite and
Vaitonyte, 2016). It is important that today in Moscow
region there are pipes collecting leachate and landfill
gas in more than 50% of the existing landfills (Gonop-
olsky et al., 2009).

As a result, most of the emissions enter the environ-
ment and are consumed or absorbed by the atmos-
phere, soil cover, surface and groundwater, plants,
animals and other living organisms. It is noteworthy
that one of the main organisms, which is very sen-
sitive to the impact of pollution emissions, is plant
communities (Pavlov, 2014; Chen, 2016). This could
be explained by activities of leaves and roots when
they take up and store oxygen, nutrients and water
resources (Kotovicova, 2011; Sujetovieny, 2016).

The aim of our research is to evaluate the impact
of gas emissions, particularly “Kolomna” landfill
gas emissions, on the morphological parameters of
leaves which grow near “Kolomna” MSW landfill.

“Kolomna” MSW landfill is located at a distance of 3.5
km from Kolomna city in Moscow region, in the south-
west direction. The area of the landfill is 13.2 ha (Fig. 2).

Fig. 1

The scheme of the used methods
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Methods

Our studies involve field testing, laboratory analysis,
GIS and mathematical data processing (Fig. 1).

Field testing includes environmental monitoring of
the atmospheric quality involving control of concen-
tration of carbon monoxide (CO), nitrogen oxide (NO),
nitrogen dioxide (NO,), hydrogen sulphide (H,S), chlo-
rine (CL), benzene (C,H,), toluene (C,Hy), methanal
(CH,0), ethanal (C,H,0) and carbon disulphide (CS,);
visual plant life assessment, phenophases of plant
and morphological parameters of tree trunks (height
and diameter of tree trunks).

For the environmental monitoring of the atmos-
pheric quality, we used a gas analyzer GANG-4
(RD 52.04.186-89). We marked 33 sampling sites in
“Kolomna” MSW landfill (Fig. 2). For each sample, we
performed three measurements of CO, NO, NO,, H,S,
CL, C,H,, C,Hg, CH,0, C,H,0 and CS, concentrations. In
addition, we determined the height of “Kolomna” MSW
landfill and identified tree trunks with laser rangefind-
er Bosh GLM 40. In total, we collected 1,089 data sets.

Moreover, for the visual assessment of plant life and
morphological parameters of leaves we observed
four different areas (Fig. 2). Each area was 20 m?2 The
experimental areas were situated near the landfill (in-
side the sanitary boundary); meanwhile, the control
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Fig. 2
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Sampling sites, experimental and control areas in «Kolomna» MSW landfill

area was located far away from the landfill (outside
the sanitary boundary).

To compare the impact of “Kolomna” landfill gas emis-
sion on the morphological parameters of leaves, we
also took three measurements of CO, NO, NO,, H,S,
CL, C,H,, C,H,, CH,0, C,H,0 and CS, concentrations in
experimental and control areas.

For the visual plant life assessment, at first, we identi-
fied tree species according to Bogolubov (Bogolyubov,
2002) and revealed the phenophases of these plants
according to Bykharina (Bykharina and Dvoeglazo-
va, 2010) and Umarov (Umarov and Taisumov, 2012).
From the environmental point of view and for con-
serving young trees, we deliberately did not identify
the age of trees. In addition, the species diversity re-
search was carried out by the Margalef diversity index
(Bogolyubov, 1998). Phytocenoises formula was con-
structed by the method of Bogolyubov (2002), where
we calculated trees and schrubs on experimental and
controlled areas.

& Sampling sites

Secondly, we observed the morphological parameters
of tree trunks, particularly the height (m) and the di-
ameter (cm) of trees and collected 10 leaves from each
tree in experimental and control areas. Afterwards,
we took those samples into a lab. Laboratory analysis
included the study of morphological parameters on
the right and on the left sides of leaves, particularly
the length (cm), width (cm), thickness (um), weight (g)
and area (cm?) of a leaf, as well as the length between
the first and the second vein of a leaf (cm), the length
between the tip of a leaf and the end of the fourth vein
of a leaf (cm), the distance between the second vein of
a leaf and the blade of a leaf (cm), the width between
the midrib and the margin of a leaf (cm), the distance
between the first and the second blade of a leaf (cm),
and the angle between the midrib and the second vein
of a leaf (°). It should be noted, that these parameters
are an indication of plant life conditions in environ-
mental changes (Bogolyubov, 1998).

It should be noted that GIS data processing was
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conducted in Surfer version 12. Mathematical data
processing was carried out by factor analysis in SPSS
version 17.0. Using the method of full explained var-
iances, we identified the main factors which could
change the morphological parameters of leaves in
experimental and control areas (Lakin, 1990). By the
factor value, we determined the structure of each fac-
tor (with factor value more than 0.5) and showed the
factor value of the landfill gas emission and the mor-
phological parameters of leaves variations in experi-
mental and control areas.

Results

The results of the environmental monitoring of the
atmospheric quality in “Kolomna” MSW landfill are
shown in Table 1.

As shown in Table 1, the concentrations of toluene
(C,Hy) and ethanal (C,H,0) have always been higher
from 5 to 63 times in comparison with MAC. Tak-
ing into account the average and maximum values,
the concentration of nitrogen dioxide (NO,), benzene

Table 1
**The results of landfill gas emission in “Kolomna” MSW landfill
Toxic compounds Min
1 2

COo 0.0390
NO 0.4175
NO, 0.0830
H,S 0.0062
CL 0.0127
CH, 0.0036
C,Hg 5.4666
CH,0 0.0057
CH.O 50.200
Cs, 0.4933

Note: *MAC - the maximum allowable concentration
**in proportion of MAC.
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(C,H,) and carbon disulphide (CS,) was higher from 1
to 20 times than MAC. Such increased concentrations
are the result of the intensive aerobic and anaerobic
processes of organic (inorganic) decomposition of
waste in “Kolomna” MSW landfill. It is important that
the concentration of the landfill gas emission in ex-
perimental areas was particularly the same while the
concentration of the landfill gas emission in the con-
trol area was significantly lower than MAC.

The 3D consentration spreading of the landfill gas emis-
sion in “Kolomna” MSW landfill is presented in Fig. 3.

As shown in Fig. 3, the concentration of chlorine (CL),
benzene (C,H,), methanal (CH,0) and ethanal (C,H,0)
increased over the northwestern side of the landfill.
Such distribution of concentrations is associated with
the placement of polymer materials and other indus-
trial waste (in the southeastern part of the landfill).
Meanwhile, the emissions of monoxide (CO), nitrogen
oxide (NO), nitrogen dioxide (NO,), carbon disulphide
(CS,), and toluene (C,H;) increased to the southeast
of the landfill. It is important that in this territory the
amount of organic components of waste, particularly
food waste, increases considerably.

Average Max MAC* (mg/m?®)
B 4 o)
0.0580 0.0770 5.000
0.0110 0.0206 0.400
1.8370 3.7965 0.200
0.2500 0.1050 0.008
0.0180 0.0270 0.100
7.1020 21.266 0.300
7.3926 8.5660 0.600
0.0770 0.1657 0.035
55.800 63.500 0.010
10.100 20.700 0.030
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Fig. 3

2018/74/4

The 3D consentration spreading of the landfill gas emission in “Kolomna” MSW landfill

The visual plant assessment in experimental and con-
trol areas allowed us to identify six species of trees
and two species of shrubs (Table 2).

Table 2 shows that less species diversity is presented
in experimental areas 2 and 3, which could be related
to leachate activities of the landfill as it is accumulat-
ed in low relief areas towards the northeast.

Table 2

The phytocenosis formula in experimental and control areas (the
number of trees and shrubs species)

Area Formula*
1 2
Experimental 1 TAn1ScTRmM1Rc
Experimental 2 15c1Bp
Experimental 3 1Sc1An1Pt

Control 1Ap1Sc1SalPt

*Note: Ap — Acer platanoides, Sc — Salix caprea, Sa — Salix alba, Pt -
Populus tremula, An — Acer negundo, Rm — Rosa majalis, Rc — Rosa
canina, Bp - Betula pendula 1,2...n — the number of trees (shrubs).

"Kolomna"
MSW Landfill

CS2, mg/m3

C2H:O, mg/m3

CsHs, mg/m3

1
N

From the biological point of view, all these plants
can be characterized by deciduous and unpretentious
species which can grow in acidified soils (Belyaeva,
2015). Moreover, all these plants can be characterized
by relatively young trees.

For the visual assessment of plant life and the study
of species diversity, we also observed the morpholog-
ical parameters of tree trunks, identified the pheno-
phases of plants and calculated the Margalef diversity
index (Table 3).

As shown in Table 3, the experimental area 1 and con-
trol area had the largest species diversity index (2.164).
In addition, each of these territories had four trees spe-
cies with the relatively standard height and diameter of
tree trunks; furthermore, there was no visible damage
of the trees. Meanwhile, experimental area 2 had the
smallest species diversity index (1.443) with the rela-
tively small height and diameter of tree trunks.

The main factors which could change the morpholog-
ical parameters of leaves in experimental and control
areas are presented in Fig. 4.
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Table 3
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The morphological parameters of tree trunks, phenophases of these plants and the Margalef diversity index in experimental and control areas

Diameter of a tree trunk

Tree species Height of a tree trunk (m) (cm) Phenophases D*
1 2 3 4 5
Experimental area 1
Acer negundo 2.9 6.1 The first leaf
Salix caprea 58 4.4 All leaves unfolded 216
Rosa majalis 1.6 3.8 All leaves unfolded
Rosa canina 1.2 3.1 All leaves unfolded
Experimental area 2
Salix caprea 2.3 53 All leaves unfolded L3
Betula pendula 2.3 2.7 All leaves unfolded
Experimental area 3
Salix caprea 5.1 5.2 All leaves unfolded | 821
Acer negundo 5.1 14.2 All leaves unfolded
Populus tremula 43 18.2 All leaves unfolded
Control area
Acer platanoides 2.6 53 All leaves unfolded
Salix caprea 2.2 9.4 The first flower
Salix alba 13.1 19.3 All leaves unfolded 2164
Populus tremula 2.7 9.4 All leaves unfolded

*Margalef diversity index

Fig. 4

Percentage of the total variances of the identified factors

I Factor 1
- Factor 2
= Factor 3

As seen, we obtained three groups of factors with cer-
tain percentage of the total variances. The total per-
centage of the variances of these factors is 94.4% be-
cause we did not take into account some factors such
as climatic and soil conditions, organic concentrations
of waste and other parameters (6.6%). In addition, we
determined the structure of each factor and showed

the factor value between the distribution of toxic com-
pounds and the morphological parameters of leaves
variation in experimental and control areas (Table 4).

It should be emphasized that factor 1 is one of the
important factors (61.8% of the total variance), which
consists of the landfill gas emission (CO, NO,, CL, C,H,,
C,Hg, C,H,0 and CS,) and almost all the morphological
parameters of leaves, with the factor value more than
0.6 (Table 4). The structure of factor 2 (the total variance
is 21.9%) depends on the NO concentration (0.665) dis-
tribution and thickness of leaves (0.838). Consequent-
ly, the morphological parameters of leaves, which
grow near MSW landfill, especially width, thickness,
length between the tip of a leaf and the end of the
fourth vein of a leaf, and distance between the second
vein of a leaf and the blade of a leaf, are closely related
(the factor value is 0.8) to the emission of landfill gas
into the atmosphere. The structure of factor 2 depends
on the H,S concentration distribution, which could be
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Table 4

The factor value of the landfill gas emission and the morphological parameters of leaves

Landfill gas emission

Parameter Value Parameter Value Parameter Value
co 0.596 (0] 0.384 (0] 0.369
NO 0.430 NO 0.665 NO 0.034
NO, 0.601 NO, 0.308 NO, 0.391
— CL 0.629 ~ CL 0.386 ™ CL 0.376
g H,S 0.175 g H,S 0.136 g H,S 0.890
L Cs, 0.705 L Cs, 0416 w Cs, 0.481
CH, 0.602 C,H, 0.554 CH, 0.448
C,Hg 0.703 C,Hg 0.474 C,Hg 0.073
CH,0 0.675 CH,0 0.564 CH,0 0.054
C,H,0 0.311 C,H,0 0.587 C,H,0 0.074
*Morphological parameters of leaves
Parameter Value Parameter Value Parameter Value
1 0.730 1 0.029 1 0.149
2 0.939 2 0.006 2 0.226
3 0.036 3 0.838 3 0.338
4 0.876 4 0.369 4 0.210
5 0.845 5 0.076 5 0.101
6 0.846 6 0.038 6 0.358
7 0.872 7 0.247 7 0.115
8 0.845 8 0.136 8 0.124
— N o
5 9 0.877 5 9 0.428 5 9 0.083
8 10 0.745 8 10 0.542 & 10 0.158
11 0.912 11 0.159 11 0.170
12 0.596 12 0.230 12 0.146
13 0.810 13 0.316 13 0.097
14 0.492 14 0.073 14 0.156
15 0.912 15 0.088 15 0.252
16 0.612 16 0.599 16 0.050
17 0.801 17 0.286 17 0.032
18 0.462 18 0.673 18 0.094
19 0.314 19 0.221 19 0.532

*1 - length; 2 — width; 3 — thickness; 4 — weight; 5 — area; 6 — the length of the first vein of a leaf (the left side); 7 - the length of the second vein
of a leaf (the left side); 8 — the length of the first vein of a leaf (the right side); 9 - the length of the first vein of a leaf (the right side); 10 - the
length of the second vein of a leaf (the right side); 11 — the length of the first vein of a leaf (the right side); 12 — the length of the second vein of
a leaf (the right side); 13 - the length between the tip of a leaf and the end of the fourth vein of a leaf (the left side); 14 - the length between the
tip of a leaf and the end of the fourth vein of a leaf (the right side); 15 — the distance between the second vein of a leaf and the blade of a leaf
(the left side); 16 — the distance between the second vein of a leaf and the blade of a leaf (the left side); 17 - the distance between the second
vein of a leaf and the blade of a leaf (the right side); 18 — the width between the midrib and the margin of a leaf (the left side); 19 - the width
between the midrib and the margin of a leaf (the right side); 20 — the angle between the midrib and the second vein of a leaf (the left side); 21 -
the angle between the midrib and the second vein of a leaf (the right side).
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explained by natural aerobic and anaerobic processes
that occur in the soil cover in experimental and control
areas; this factor does not influence the variation of
the morphological parameters of leaves.

In conclusion, the concentration of toxic compounds
in “Kolomna” MSW landfill is significantly higher than
MAC, by more than 1.5 times by nitrogen dioxide
(NO,), by 7-10 times by benzene (C,H,), toluene (C,Hy)
and ethanal (C,H,0). Such distribution creates a new
anthropogenic area, especially in terms of habitats
for plants. In these areas (experimental area 2 and
3), we identified the smallest species diversity index
(1.443) with the relatively small height and diameter
of tree trunks. Furthermore, we found that the high
factor value (>0.6) of the landfill gas emission varia-
tion, such as (CO, NO,, CL, C,H,, C,Hg, C,H,0 and CS,),
and the variation of the morphological parameters of
leaves, especially width, thickness, tlength between
the tip of a leaf and the end of the fourth vein of a leaf,
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