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Abstract: The purpose of this study is to conduct a comparative analysis of the leaf fall timing and parameters of 
fluctuating leaf asymmetry among two commonly used plant species for street landscaping in Detroit city, namely, 
American elm and American ash. The study was completed between summer and fall for the year 2019 in and 
around Detroit, US. Phenological leaf fall timing of elm and ash was studied, and the fluctuating asymmetry index 
of their leaves was estimated within the city limits (80 trees of ash and 40 of elm) and outside the city (control 
site, 20 trees of each species). Leaf fall in city ash trees was recorded from November 1st to 4th and 5-8 days 
prior to the leaf fall in elms (p ≤ 0.01). Elm trees in the control group shed their leaves 10 days later compared 
to the city trees, i.e., on average, on November 25th (p ≤ 0.01). Ash trees in the control group shed their leaves 
earlier than the elm control group, on November 11th (p ≤ 0.001). In the city streets, the average fluctuating 
asymmetry ranged from 0.065 to 0.086 (point 1), from 0.049 to 0.078 (point 2) and from 0.063 to 0.082 (control 
site, near the highway).
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Introduction

Among the whole variety of plant species, each plant 
has a different stress tolerance to the anthropogenic 
load. In particular, it is manifested in the acceleration 
of aging processes and longer duration of processes 
associated with active vegetation (Shadrina et al., 2020). 
Moreover, under urban conditions, the time required for 
budding is reduced, and the time for forming generative 
organs becomes shorter. As a consequence, the timing 
of pollination of plants, as well as their fertilisation is 
shifted (Lakatos and Mirtchev, 2014). A known fact is 
the shift in the timing of leaf shedding (Gebauer et al., 
2018). Some plant species experience a decrease in 
root growth rate and annual diameter. One of the most 
practical evaluation criteria is the decrease in foliar 
blade area. Of the foliar blade parameters suitable for a 

rapid assessment of the level of pollution, including air 
pollution, its fluctuating asymmetry appears convenient 
(Milios et al., 2019). This parameter displays small 
and nondirectional changes in bilateral symmetry. 
Maintaining stable symmetry values shows the capacity 
of the body to develop without disturbance and errors.

The advantage of this method of studying the adaptive 
responses of plants to anthropogenic load is that the data 
are easy to collect in large quantities, as well as to save 
the samples and process the material obtained. Besides, 
leaves grow annually on trees, so different results can 
be obtained in different years corresponding to various 
levels of anthropogenic load, which is convenient for 
comparative analysis (Shadrina and Vol’pert, 2014). 
At the same time, the applicability of this approach 
raises some objections. The main arguments are that 
deviations from symmetry in development are quite 
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small and can be reduced to random deviations within 
the limits allowed by natural selection (Sandner and 
Matthies, 2017). Also, under the influence of sufficiently 
strong (negative) anthropogenic factors, such deviations 
in symmetry will be quite significant and cannot be 
explained only by the fact that they are within the 
backlash allowed by natural selection (Xu et al., 2012).

Likewise, regular processes occur in the atmosphere of 
most major cities around the world, along with industrial 
progress. These include increased concentrations of 
motor vehicle exhaust, smoke, dust and dirt emitted by 
various industrial facilities, as well as other components 
of the urban environment. These factors certainly 
have a poisonous effect on the plants growing in 
the region, particularly on their leaves (Santos et al., 
2013). For roots, an increase in heavy metal content 
in the soil is devastating. All of these conditions lead 
to premature leaf necrosis, increased susceptibility to 
fungal infestations, and other negative consequences for 
trees. In some countries, like Russia, sodium chloride 
is still actively used as a spray agent on ice and snow 
for walking (Zakharov and Krysanov, 1996). This 
creates an additional load on the plant organism since 
significant amounts of sodium and other salts penetrate 
the soil with melting water and go further into the roots 
of plants. Global warming also plays a significant role 
in reducing plant sustainability in urban environments. 
Because of prolonged exposure to unusually high 
temperatures, some trees drop their leaves, or their 
leaf mass dries out prematurely and dies, resulting 
in necrosis (Mendes et al., 2018). Invasive species 
introduced by other countries may also threaten trees 
in urban areas. Plants are already weakened in this 
environment, and the invader in the new habitat still has 
no natural enemies and can reproduce uncontrollably. 
Thus, one of the main features of the urban environment 
is the accumulation of pollutants and wastes, when there 
is simultaneous pollution of atmospheric air, soil, and 
water (Murphy and Lovett-Doust, 2004).

The resilience of plants to anthropogenic stress is 
therefore associated with several factors. The main ones 
include the ability to change the physiological processes 
and stress tolerance of the plant species, the state of the 
plant itself and its individual characteristics, as well as 
the severity of the influence of anthropogenic factors.

The experience of using organisms with bilateral 
symmetry as bioindicators is quite wide and covers a 
variety of groups: plants and mammals on land, fish and 
amphibians in aquatic ecosystems (Guo et al., 2017; 
Lutterschmidt et al., 2016). Among the plant species, the 

most common bioindicators are the Norwegian maple 
(Acer platanoides), the pyramidal form of the black 
poplar (Populus nigra), the small-leaved lime (Tilia 
cordata), and the weeping birch (Betula pendula). These 
plants are widely introduced into areas where they are 
not naturally occurring. They are considered not only 
as landscaping elements in botanical gardens but also 
planted in the form of alleys in the territories of cities 
in China and the US.

Detroit (Michigan, the USA) is one of the biggest 
industrial cities in the United States of America. Its 
climate depends on the nearby Great Lakes. Moreover, 
the Detroit River flows through the city, which means 
that there is a wetter continental climate within the city. 
Detroit tops the list of Michigan’s most polluted cities. 
However, these numbers vary depending on the time of 
the year, a particular area of the city, or the presence of a 
potential air pollutant, such as a factory, in the area. The 
main sources of pollution are gases emitted by motor 
vehicles. The Air Quality Index (AQI) may fluctuate 
significantly due to these factors, with most pollutants 
being within acceptable limits. The exceptions are two 
pollutants that are higher than the standard: carbon 
dioxide concentration and elemental lead content. The 
city also has a relatively high ozone concentration. 
Thus, Detroit ranks 34th out of 228 metropolitan areas 
in this parameter, and 56th out of 217 for the emission 
of particulate aerosol particles by pollution per day, 
and 10th out of 203 for average annual pollution as of 
2020 (data from the American Lung Association, ALA). 
Heavy industries are concentrated in the southwest 
part of the town, and are responsible for the primary 
source of pollution. There have been no studies devoted 
to the bioindication of atmospheric air pollution in 
Detroit with American elm and ash as objects, which 
determined the relevance of the present work.

This study aims to evaluate the parameters of 
phenological periods of leaf yellowing and falling and 
the indicators of fluctuating asymmetry of leaves of 
American elm (Ulmus americana) and American ash 
(Fraxinus americana). The author assumes certain 
changes in the phases of leaf fall under conditions of 
increased anthropogenic load and higher values of leaf 
fluctuating asymmetry in trees of these species in the 
most polluted areas of the city. The objectives of the 
study were (a) to estimate the shift in leaf fall periods 
in two tree species under anthropogenic load and 
(b) to study changes in the parameters of fluctuating 
asymmetry under different anthropogenic load factors.
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Materials and Methods

Research Design and Sample
The study was completed in the summer and fall of 
2019 in Detroit, Michigan, the United States. The first 
group comprised of 80 ash trees and 40 elms growing 
in homogenous stands along busy city streets. In the 
selection of appropriate streets, the level of pollution 
was taken into account. The two tree species selected 
are among those currently used in urban landscaping in 
the northeastern United States and adjacent regions of 
Canada. The trees selected for observation were of the 
same age group, determined by comparing their planting 
dates with 2 control samples for the annual rings taken 
from both trees. The average age was 30.2 ± 0.2 years 
for ash and 29.1 ± 0.1 years for elm. Twenty trees of 
each species were collected at five locations in Detroit 
(for ash) and three locations (for elm). The trees of both 
species were also in the same age range. Similarly, a 
group of trees of the same species (20 elms and 20 ash 
trees), located in natural conditions (50 km from the 
city limits) and not experiencing a noticeable influence 
of anthropogenic factors, was studied.

Experiment
A division was made among the trees of the first group: 
trees of each species (80 specimens of ash and 40 of 
elm) located under street lights, and the same number 
of trees at an equal distance between the lights were 
examined. During the summer-fall period, trees were 
reviewed for changes in phenological phases (leaf 
yellowing, leaf drop).

The fluctuating asymmetry indicators were studied 
by collecting 15 elm leaves during the period when 
leaf growth discontinued. The reasons for choosing elm 
trees are given in the results of the study. Altogether 
100 leaves were collected from each tree. The following 
parameters were examined: (a) width of half a leaf; (b) 
second order vein length index (the second from leaf 
base was considered as such); (c) distance between 
bases and distance between ends of first and second 
order veins; (d) angle (in degrees) between the main 
vein and second order vein second from leaf lamina 
base.

The values of fluctuating asymmetry were calculated 
according to the formula:

	 FA =	1/5 ∑│L – R │/ (L + R)	 (1)

where L and R indicate the measurements for the left 
and right leaf halves, respectively. In order to assess the 
qualitative influence of the environment on the degree 

of fluctuating asymmetry of leaves, the V.M. Zakharov 
scale (a total of 5 points in the scale) was employed. 
In the scale, one point corresponds to the results of 
growing the plant in favourable conditions, for example, 
in the reserve, and 5 points to the extremely depressed 
state of the plant, i.e., under highly unfavourable 
conditions. The fluctuating asymmetry index of up to 
0.040 corresponds to conditionally normal indicators of 
environmental quality (1 point), from 0.040 to 0.044 (2 
points) – deviations from the norm, but not critical; from 
0.045 to 0.049 is an average level, at which deviations 
from the norm are already more significant (3 points); 
from 0.050 to 0.054 is 4 points and implies significant 
deviations from the norm; from 0.055 and above are 
critical deviations from the norm, i.e., fatal for the 
majority of tree plant species.

Statistical Analysis
Statistical analysis was performed using Statistica v. 
7.0 (StatSoft Inc., USA). According to a database, 
the arithmetic mean and the error of the mean were 
computed for each characteristic. Differences between 
the values were significant at p ≤ 0.05. Student’s t-test 
was used to check the reliability of differences.

Results

It was found that under the influence of lantern light, 
American elm ends its growing season later compared 
to ash trees, and also later compared to trees of the 
same species that grow in the area between the lanterns 
(Figure 1A-C).

Leaf fall in ash trees is the earliest, occurring from 
November 1st to 4th, 5 to 8 days before the same period 
in elms (p ≤ 0.01). The difference between elm trees 
growing under street lamps and those growing between 
them is significant and averages six days (November 9th 
to 15th, p ≤ 0.05). Elm trees growing outside the urban 
environment shed their main leaf mass later than the 
urban ones, with an average difference of ten days, i.e., 
on November 25th (p ≤ 0.01). Ash trees outside the city 
shed their leaves two weeks earlier than the elm control 
group, i.e., on November 11th (p ≤ 0.001). Thus, the elm 
is a more suitable species for urban landscaping since 
even in an urban environment it sheds the leaves later 
than ash. Hence, elm can retain its foliage mass longer. 
For this reason, elm trees were chosen as a model to 
study the fluctuating asymmetry index under different 
anthropogenic loads (Figure 2).

At the same time, further research into the adaptive 
responses of American elm in urban conditions is 
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Figure 1: Leaf-fall phases of American elm in the streets of Detroit. (A, B) – locations within the city 
(group 1), (C) – locations outside the city (control, group 2).

required. Although trees are in the foliage state for a 
long time, they may be more susceptible to negative 
factors such as diseases, invaders and environmental 
effects. Based on the data obtained, it can be argued that 
in urban conditions, the elm has acquired an adaptive 
capacity for a longer growing season under the influence 
of artificial light. In this respect, further research on 
the stability of its development across fluctuating 
asymmetry indicators was necessary. This indicator can 
assist in determining the level of pollution in the area.

The conducted research showed that the American 
elm trees can respond differently to the level of 
pollution of the city area, which is accurately reflected 
through the value of fluctuating asymmetry index 
(Figure 3). Specifically, under the first location (3B), the 
mean fluctuating asymmetry index ranged from 0.065 
to 0.086. Based on the 5-point Zakharov classification 
used, this index corresponds to the third and fourth 
pollution levels. In the second location of Detroit (3D), 
the situation is somewhat better. Here, the fluctuating 
asymmetric indices vary slightly less and range from 
0.049 to 0.078 (p ≥ 0.05 with the first location). In this 

case, it represents the third level of pollution. As for the 
control site (3F), the index of fluctuating asymmetry 
was from 0.063 to 0.082, i.e., corresponded to the first 
location (third to the fourth level of pollution, p ≥ 0.05 
with the first location) and the third to fourth levels of 
pollution.

Regarding the asymmetric values in the leaves of 
the American elm, a different expression of the five 
morphological characteristics of the leaves was observed 
in the three locations (Figure 3 A, C, E). The maximum 
values in two of the three cases were 0.11 and 0.1, the 
distance between the bases of the first and second veins 
of the second order, which exceeded the other values 
by 0.5 to 2.0 times (p ≤ 0.05), except for the distance 
between the ends of the first and second veins of second 
order, which even exceeded the distance between bases 
in the third point (0.11 versus 0.85, p ≤ 0.05). The least 
variable indicators were two: the width of the leaf halves 
and the angle between the veins – they did not exceed 
the values of 0.04 to 0.05. Thus, among the indicators 
of fluctuating asymmetry, the distance between the bases 
and the ends of veins are the most variable, while the 
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Figure 2: Leaf-fall phases of the American ash tree within Detroit (A–D, group 1), and outside Detroit (E, group 2).

width of halves and the angle between veins are the 
least variable.

Discussion

Leaf fluctuating asymmetry indicators have their 
own models, depending on the distance to the source 
of pollution. As known from numerous works, this 

dependence is inverse, i.e., asymmetry decreases with 
increasing distance (Ambo-Rappe et al., 2007; Zverev 
et al., 2018). In particular, the intake of heavy metals 
from the atmosphere with industrial emissions is related 
to prevailing wind direction and the concentration 
of these metals in the composition of soils. From 
there, they penetrate the root system of the plant and 
extend further towards the leaves. The leaves also 
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Figure 3: The asymmetry values of the American elm leaves at three Detroit locations (B, D, F) and the values of the 
fluctuating asymmetry index of the American elm leaves at the same locations (A, C, E). On the left and right, the first 
two points are Detroit streets (A to D), the third point (E, F) – the control site (suburban areas next to the highway).

receive heavy metals and other toxicants, which are 
deposited on them together with particulate matter 
from the ambient air (da Silva et al., 2020; Graham et 
al., 2010; Hassan et al., 2013). Once adsorbed on cell 
surfaces, toxicants penetrate the cells and can cause 

changes in physiological processes and biochemical 
metabolism patterns (Celiktas et al., 2019; Milewska-
Hendel et al., 2017; Singh Suwal et al., 2019). Different 
toxic compounds can accumulate differently in plant 
tissues. In pine needles, fluorides may accumulate at 
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concentrations varying from 7.7 to 21.3 mg per 1 kg 
dry weight. This exceeds the average concentration of 
fluoride by 4 to 10 times (Bell et al., 2011).

The effect of pollutants may initially seem 
insignificant. In particular, some increase in the 
concentration of green pigment in the composition of 
leaves is recorded. This leads to the necrosis processes 
becoming increasingly widespread, which make up to 
40% of all leaves on the tree in the final stage (Khalid 
et al., 2018). At the same time, the chlorophyll content 
is comparable to that of healthy leaves until the pollutant 
accumulates at a critical level. It should be noted that 
the critical level of a pollutant can be different not only 
for leaves of different ages but even for leaves located at 
the top or bottom of the same tree (Rashidi et al., 2012).

Urban trees are extremely important for many animal 
species, some of which may serve as consorts. This 
is illustrated by the example of English oak (Quercus 
robur) in broad-leaved forests and parks in Kyiv, 
Ukraine (Stukalyuk et al., 2020). This tree species had 
an insect presence (ants) which exceeded the other 
species 2 to 10 times. As shown by Stukalyuk et al. 
(2020), the most invasive woody plant species, as well 
as introduced species, are not attractive to native species 
of ants, aphids, and possibly other invertebrates. This 
means that when green spaces are created in urban areas, 
native plant species should be favoured over introduced 
species. This will allow for stable trophic links with 
native invertebrate species and further stabilise the state 
of the urban ecosystem.

Data from this study showed that local plant species 
have unequal tolerance to urban conditions, i.e., 
different leaf fall periods. At the same time, within the 
same species, the timing of leaf fall can differ even 
between trees growing near artificial light sources and 
between them, similar to the example of American 
elm. An urban environmental state can create different 
growing conditions for plants, depending on factors such 
as (a) traffic load – determines the level of air pollution 
and the content of aerosol particulate matter suspended 
in it; (b) lawn width (determines more favourable 
growing conditions for planted trees); (c) peculiarities 
of planting tree seedlings (the method of planting “in 
a glass” worsens the chances of a tree to survive under 
urban conditions, because conditions are created for 
stagnant water in the root system and its rotting). Trees 
that have been under unfavourable conditions for a long 
time may be more susceptible to necrosis as well as 
cancer (Saltan et al., 2020). For instance, among linden 
trees, tyrostromic necrosis was observed in 41% cases.

Large industrial plants, particularly metallurgical 
ones, can have a detrimental effect on a wide range, 
from 10 to 100 km. In this area, fluctuating leaf 
asymmetry values are always high and correspond to 
4-5 points on the Zakharov scale (Hodar, 2002). For this 
study, a moderate level of 3 points and a severe level of 
4 points on the Zakharov scale were recorded. The main 
contribution comes from motor transport because there 
are no large plants in the Detroit area. For example, 
fluctuating leaf asymmetry can be an appropriate sign 
for assessing the level of air pollution.

In China, the variability of leaf asymmetry parameters 
of dwarf bamboo (Chimonobambusa utilis, C. utilis) 
in natural high-mountain forests at different altitudes 
and canopy densities was studied (Li et al., 2020). 
Canopy altitude and density have been found to 
facilitate ecological stress, resulting in the adaptation 
of morphological traits and oscillatory asymmetry of C. 
utilis leaves to the habitats in mountain forests. As a 
result, asymmetry may also occur to a greater or lesser 
extent in natural conditions.

Conclusions

The sites studied in the city of Detroit exhibited moderate 
levels of air pollution. Detroit showed moderate and 
strong degrees of atmospheric pollution, which is the 
result of high values of fluctuating leaf asymmetry. 
These levels correspond to 3 and 4 out of 5 possible 
points on the pollution scale. Consequently, based on 
the absence of large industrial plants in the vicinity of 
the surveyed sites, motor transport is the main source of 
air pollution in Detroit. Of the two tree species studied, 
which are widely used in urban landscaping, leaf fall 
periods were found to be significantly different. The 
ash comes earlier than elm by 6-10 days, hence, ash is 
less suitable for urban landscaping as it is less capable 
of retaining the green mass of leaves for a long time. 
On the other hand, during its longer growing season, 
elms are more vulnerable to undesirable factors, such 
as invaders and the influence of anthropogenic stress. 
First, the negative impact is reflected in high values 
of fluctuating asymmetry index in the leaves. Among 
the five considered parameters of fluctuating leaf 
asymmetry, most variable and the maximum value of the 
asymmetry index were the distance between the bases 
and the distance between the ends of veins. The least 
variables were the width of the leaf half and the angle 
between the veins. According to these data, the first two 
parameters can be recommended as model parameters 
to analyse the degree of fluctuating asymmetry 
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variability under the influence of anthropogenic factors 
in urban conditions. Furthermore, a comparison of the 
asymmetry indices between different years is necessary 
to correlate them with the level of air pollution and to 
look for possible regularities.

Acknowledgement

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Conflict of Interest

The authors declare that they have no conflict of 
interests.

References

Ambo-Rappe, R., Lajus, D.L. and M.J. Schreider (2007). 
Translational fluctuating asymmetry and leaf dimension 
in seagrass, Zostera capricorni Aschers in a gradient of 
heavy metals. Environmental Bioindicators, 2: 99-116.

Bell, J.N.B., Honour, S.L. and S.A. Power (2011). Effects 
of vehicle exhaust emissions on urban wild plant species. 
Environmental Pollution, 159: 1984-1990.

Celiktas, V., Out, H., Duzenli, S., Alharby, H., Bamagoos, 
A., Islam, M.S., Hossain, A. and A. El Sabagh (2019). 
Traffic-induced air pollution effects on physio-biochemical 
activities of the plant Eucalyptus camuldensis. Fresenius 
Environmental Bulletin, 28: 9373-9378.

Gebauer, R., Volařík, D. and J. Urban (2018). Seasonal 
variations of sulphur, phosphorus and magnesium in 
the leaves and current-year twigs of hemiparasitic 
mistletoe Loranthus europaeus Jacq. and its host Quercus 
pubescens Willd. Journal of Forest Science, 64: 66-73.

Graham, J.H., Raz, S., Hel-Or, H. and E. Nevo (2010). 
Fluctuating asymmetry: Methods, theory, and applications. 
Symmetry, 2: 466-540.

Guo, R., Zhang, W., Ai, S., Ren, L. and Y. Zhang (2017). 
Fluctuating asymmetry rather than oxidative stress in 
Bufo raddei can be an accurate indicator of environmental 
pollution induced by heavy metals. Environmental 
Monitoring and Assessment, 189: 293-301.

Hassan, I.A., Basahi, J.M. and I.M. Ismail (2013). Gas 
exchange, chlorophyll fluorescence and antioxidants as 
bioindicators of airborne heavy metal pollution in Jeddah, 
Saudi Arabia. Current World Environment, 8: 203-213.

Hodar, J.A. (2002). Leaf fluctuating asymmetry of Holm 
oak in response to drought under contrasting climatic 
conditions. Journal of Arid Environments, 52: 233-243.

Khalid, N., Hussain, M., Young, H.S., Boyce, B., Aqeel, 
M. and A. Noman (2018). Effects of road proximity on 
heavy metal concentrations in soils and common roadside 
plants in Southern California. Environmental Science and 
Pollution Research, 25: 35257-35265.

Lakatos, F. and S. Mirtchev (2014). Manual for visual 
assessment of forest crown condition, Food and Agriculture 
Organization of the United Nations, Pristina, Kosovo.

Li, Q.-Y., Zhang, Z.-W., Tao, J.-P., Liu, J.-H., Yong, X.-H., 
Meng, X.-F., Li, Z. and Y.-J. Wang (2020). Effect of 
elevation and canopy condition on morphological traits and 
leaf fluctuating asymmetry of a bamboo, Chimonobambusa 
utilis in Jinfo Mountain Nature Reserve, Southwest China. 
Sains Malaysiana, 43(8): 1119-1125.

Lutterschmidt, W.I., Martin, S.L. and J.F. Schaefer (2016). 
Fluctuating asymmetry in two common freshwater fishes 
as a biological indicator of urbanization and environmental 
stress within the middle Chattahoochee watershed. 
Symmetry, 8: 124-131.

Mendes, G., Boaventura, M.G. and T. Cornelissen (2018). 
Fluctuating asymmetry as a bioindicator of environmental 
stress caused by pollution in a pioneer plant species. 
Environmental Entomology, 78(6): 1479-1484.

Milewska-Hendel, A., Baczewska, A.H., Sala, K., 
Dmuchowski, W., Brągoszewska, P., Gozdowski, D., 
Jozwiak Aojnacki, T., Swiezewska, E. and E. Kurczynska 
(2017). Quantitative and qualitative characteristics of cell 
wall components and prenyl lipids in the leaves of Tilia 
x euchlora trees growing under salt stress. PLoS ONE, 
12: e0172682.

Milios, E., Kitikidou, K. and K. Radoglou (2019). New 
silvicultural treatments for conifer peri-urban forests 
having broadleaves in the understory-the first application 
in the peri-urban of Xanthi in northeastern Greece. 
SEEFOR, 10(2): 107-116.

Murphy, H.T. and J. Lovett-Doust (2004). Landscape-
level effects on developmental instability: Fluctuating 
asymmetry across the range of honey locust, Gleditsia 
triacanthos (Fabaceae). International Journal of Plant 
Sciences, 165: 795-803.

Rashidi, F., Jalili, A., Babaie Kafaki, S., Sagheb-Talebi, K. 
and J. Hodgson (2012). Anatomical responses of leaves of 
black locust (Robinia pseudoacacia L.) to urban pollutant 
gases and climatic factors. Trees, 26: 363-375.

Saltan, N., Svyatkovskaya, E. and N. Trostenyuk (2020). 
Fluctuating asymmetry of leaves of Betula pubescens 
Ehrh. for assessment of pollution of the urban environment 
of the Kola North. KnE Life Sciences, 5(1): 37-43.

Sandner, T.M. and D. Matthies (2017). Fluctuating asymmetry 
of leaves is a poor indicator of environmental stress and 
genetic stress by inbreeding in Silene vulgaris. Ecological 
Indicators, 79: 247-253.

Santos, J.C., Alves-Silva, E., Cornelissen, T.G. and G.W. 
Fernandes (2013). The effect of fluctuating asymmetry and 



	 Qualitative and Quantitative Indicators of Foliar Mass of Woody Plants in Urban Greenspaces	 19

leaf nutrients on gall abundance and survivorship. Basic 
and Applied Ecology, 14: 489-495.

Shadrina, E., Turmukhametova, N., Soldatova, V., Vol’pert, 
Y., Korotchenko, I. and G. Pervyshina (2020). Fluctuating 
asymmetry in morphological characteristics of Betula 
pendula Roth leaf under conditions of urban ecosystems: 
Evaluation of the multi-factor negative impact. Symmetry, 
12: 1317-1325.

Shadrina, E.G. and Y.L. Vol’pert (2014). Developmental 
instability of the organism as a result of pessimization 
of environment under anthropogenic transformation of 
natural landscapes. Russian Journal of Developmental 
Biology, 45: 117-126.

da Silva, L.C., de Freitas-Silva, L. and D.I. Rocha (2020). 
Leaf morpho-anatomical structure determines differential 
response among restinga species exposed to emissions 
from an iron ore pelletizing plant. Water, Air & Soil 
Pollution, 231: 152-160.

Singh Suwal, B.M., Gautam, R.S. and D. Manandhar (2019). 
Environmental impact on morphological and anatomical 

structure of Ricinus communis L. leaves growing in 
Kathmandu, Nepal. International Journal of Applied 
Sciences and Biotechnology, 7: 274-278.

Stukalyuk, S.V., Kozyr, M.S., Netsvetov, M.V. and V.V. 
Zhuravlev (2020). Effect of the invasive phanerophytes and 
associated aphids on the ant (Hymenoptera, Formicidae) 
assemblages. Halteres, 11: 56-89.

Xu, Z., Hu, T. and Y. Zhang (2012). Effects of experimental 
warming on phenology, growth and gas exchange of 
treeline birch (Betula utilis) saplings, astern Tibetan 
Plateau, China. European Journal of Forest Research, 
131: 811-819.

Zakharov, V.M. and E.Y. Krysanov (1996). Consequences of 
the Chernobyl disaster: Environmental health (Posledstviya 
Chernobyl’Skoi Katastrofy: Zdorov’e Sredy). Moscow, 
Tsentr Ekologicheskoi Politiki Rossii.

Zverev, V., Lama, A.D. and M.V. Kozlov (2018). Fluctuating 
asymmetry of birch leaves did not increase with pollution 
and drought stress in a controlled experiment. Ecological 
Indicators, 84: 283-289.



Asian Journal of Water, Environment and Pollution

Volume 16  Number 4	 October – December, 2019

Contents

Editorial		  i

q Snapshots		  ii

Decolourization and Degradation of Reactive Textile Dyes by Isolated Strain Proteus mirabilis 
		  H.G. Madhushika, Thilini U. Ariyadasa and S.H.P. Gunawardena	 1
Impact of Anthropogenic Factors on Runoff Formation in the Southern Urals 
		  Larisa R. Zagitova, Nail S. Minigazimov, Elnara T. Khaidarshina, Damir N. Kutliyarov 

	 and Amir N. Kutliyarov	 7
Molecular Detection of Group C Rotavirus in Environmental Samples in Giza, Egypt 
		  Mohamed N.F. Shaheen and Elmahdy M. Elmahdy	 17
Occurrence and Fate of Human Pathogenic Parasites in Constructed Reed Beds 

for Wastewater Treatment
		  Omar Amahmid, Souad Asmama and Khadija Bouhoum	 23
Estimating Summer Emissions from Land Transportation Vehicles Moving Along the 

Urban Roads 
		  Petr M. Krylov, Oleg N. Volodin, Gleb A. Zaitsev, Larisa P. Nekrasova 

	 and Denis A. Klyuchnikov	 29
Dynamic Indicator for the Prediction of Atmospheric Pollutants
		  Rashmi Bhardwaj and Aashima Bangia	 39
Abundance of Macrobenthos with Special Reference to Some Physico-Chemical Parameters 

of South-Eastern Coastal Area, Bangladesh
		  Prabal Barua, Md. Mohasin Meah and Syed Hafizur Rahman	 51
Theoretical Approaches to Logging Trail Network Planning: Increasing Efficiency of Forest 

Machines and Reducing Their Negative Impact on Soil and Terrain 
		  Sergej E. Rudov, Anna M. Voronova, Julia M. Chemshikova, Elena V. Teterevleva, 

	 Igor N. Kruchinin, Yurii Z. Dondokov, Motrena N. Khaldeeva, Irina A. Burtseva, 
	 Vyacheslav V. Danilov and Igor V. Grigorev	 61

Study on the Effect of Potassium on Struvite Precipitation in Synthetic Landfill Leachate 
		  Mohamad Darwish, Azmi Aris, Mohd Hafiz Puteh and Aeslina Abdul Kadir	 77
Applications of Nanotechnology in Water and Wastewater Treatment: A Review 
		  Nadeem A. Khan, Saif Ullah Khan, Sirajuddin Ahmed, Izharul Haq Farooqi, 

	 Aastha Dhingra, Arshad Hussain and Fazlollah Changani	 81
Assessment and Zoning of Groundwater Quality in Shiraz Plain Using GIS 
		  Mohammad Pooteh Rigi, Pejman Shafiee and Seyed Mehdi Fatehi	 87
Concentration of Heavy Metals in Water, Sediments and Tissues of Clarias gariepinus from 

Earthen Ponds in Kolo Creek Communities in Bayelsa State, Niger Delta, Nigeria 
		  Ejovi Osioma and Paschal O. Iniaghe 	 97
Trend Analyzing of Chemical Water Quality Parameters (Case Study: Rudan River, Bernetin 

Station—Code 27013) 
		  Mohammad Pooteh Rigi, Ahmad Nohehgar, Mohammad Javad Amiri 

	 and Fahimeh Asgari Rad	 107
Break Point Analysis of Particulate Matter 
		  Avi Bhardwaj, Vikas Deep and Deepti Mehrotra	 117

Environment News Futures		  125


