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Hazardous Pollution Effects of Asphalt Production on Population
Density and Diversity of Oribatid Mite Community (Acari, Oribatida)
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Abstract: The present study reveals the hazardous effects of stack emission of asphalt production on
vegetative cover of agricultural soils around the Hot Mix Asphalt Plant (HMAP). Changes on the population
structure and diversity of soil oribatid mite communities were detected, meanwhile, diverse and species- rich
group of microarthropods indicative decomposer were reported. The study was carried on three repeated plots
situated at different distances from north, west, east and south of the HMAP of Berma at Gharbiya governorate,
Egypt. Oribatid mite communities were assessed from soil core samples collected during the four growing
seasons from 15 December 2010 to 30 November 2011). Analysis of the obtained results from the collected soil
samples reveal that HMAP has significant impact on SO , Cd, Pb and Zn contents in adjacent soil, while the2

impact was not significant on other pollutant elements. Also, the impact on the vegetable leave elements was
not significant. In plots strongly affected by HMAP pollution, the oribatid mite community suffered from lower
densities reflecting fewer species and replacement of some species with others when compared with oribatid
community in control plots. The controls constitute a complex community with higher abundance, diversity and
equitability. The analysis of oribatid species distribution in heavily contaminated sites suggests that the severe
conditions allow only a few tolerant species to survive such as Zygoribatula undulata and Oppia sticta since
they represented the higher proportion in polluted plots.Finally, in spite of the positive effects of HMAP in
socio-economic activities, it has negative effects on soil structure and on population size and community
stability of oribatid mit species. 
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INTRODUCTION smelters, Hot mix asphalt plants etc are scattered within

The  carried  out  studies  makes it clear that Alexandria, Tanta and several other cities in Egypt. Often
persistent organic pollutants are toxic chemicals that these activities are located in informal settlements using
adversely affect human health and the environment very old technologies with few precautions for air
around the world because they can be transported by pollution control. This leads to releasing harmful
wind and water. Most persistent organic pollutants pollutants into the atmosphere (National Implementation
generated in one  country  can  affect    people  and plan for persistent organic pollutants, Egypt [1]. The soil
wildlife far from. They persist for long periods in the of agricultural lands around the industrial activities are
environment and can accumulate and pass from one affected by these stack emissions of derivatives mainly
species to the next through the food chain. National Lead (Pb), CO, NO and SO . These pollutants fall on
Implementation plan for persistent organic pollutants of plants as well as passing directly into the soil. Toxic
Egypt [1] stated that, most air pollutions in Egypt are of heavy metals accumulate in the tissue of vegetation
anthropic origin. Polluted air severely affects areas grown adjacent to the sources of air pollution.
adjacent to industrial activities as well as around heavy Trace elements emission from Hot Mix Asphalt Plants
traffic highways. may influence ecosystem behavior. These are the dryer,

Medium and small industrial activities, such charcoal burner-blower, exhaust fan, dust collection system,
producers, mechanical workshops, foundries, secondary asphalt cement heating and storage and reclaimed asphalt

and close to urban areas, especially in Greater Cairo,
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paving components. Most of the pollutants emitted from subjected to this type of pollution, the Asphalt station at
Hot Mix Asphalt facilities are particulates. Sulphur Berma village(Ghrabiya governorate), Egypt.
dioxide, carbon monoxide, nitrogen oxides and volatile This research therefore, focuses on the assessment
organic  compounds (VOC) are gaseous emissions that of the impact of asphalt production on population density
are also emitted. Gaseous emissions come from the and diversity of oribatid mite community which are the
burner-blower, exhaust fan, asphalt storage, storage silos, most important faunal group in most soil habitats; with
heating systems, loading and transportation. Each particular reference to their quality.
operation can be a potential source of pollution if controls
are not employed. The impact of development projects MATERIALS AND METHODS
(Such as road construction and maintenance) on our
physical environment and human well-being is attracting Study Site: The study was carried out around an Asphalt
serious attention throughout the world [2]. plant located at Berma village,12km to the north- west of

Many scientific researches have been concerned with the city of Tanta, Governorate of Gharbiya, Egypt (30.79
the evaluation of the effects induced by different types of North latitude, 31  East longitude and 22 meters elevation
industrial pollution on the edaphic microarthropods, above the sea level during the period from December 2010
including the mites [3-10] which have even been proposed till November 2011).
as soil quality bio-indicators [11-15]. The soils are Clay loam type(Gravel 2.8%, sand20%,

Egyptian habitats, like others in the world, can still be Silt37% and clay 40%) with bulk density 1.18. The average
at risk from pollutants emission in the environment from soil temperature varied between 22 and 26 C; daily
different sources such as cement plants, chemical average air temperature was between 23 and 32 Cin the
industries, from smelting of iron and steel, coalmining and sampling period.
thermal power stations, from traffic and the use of The asphalt plant is surrounded from all sides by
pesticides and fertilizers. The previous researches carried agriculture farms. Wheat, Onion and Maize, were the main
out in some zones affected by industrial pollution were crops planted in the surrounding soils.
concerned to the microarthropod fauna [9, 16-20]. Oribatid
mites and Collembola constitute the largest proportion of Soil Sampling and Mite Extractions: The collected soil
microarthropods. Applicability of Oribatid mites as an samples were analyzed to estimate Nitrogen Oxide (NO),
indicator group has been emphasized by researchers for Sulphur Dioxide (SO ), Carbon Monoxide (CO), Volatile
several decades. These organisms possess such kind of Organic Compounds (VOC), Benzene,
extraordinary characteristics by which (Considered even Formaldehyde,Cadmium, Lead and Zinc. This set of
separately or as a whole) they are able to indicate different parameters constitutes the common pollutants which
changes in their environment. These characteristics have results from Asphalt plants [23] and was used to
been summarized in several reviews, most thoroughly in determine the general level of pollutants in the soil. 
the works of Gulvik [14], Lebrun and van Straalen [21]and Several cultivated plots situated at different distances
Behan-Pelletier [22] at north (A), south (B), east(C) and west (D) from the

At the edaphic level, the Asphalt plants industry pollution source were considered in this study. The
plays a major role in the pollution. The stack emissions investigations included the following plots: cultivated
associated with Hot mix asphalt plants (HMAP) plots at7 km away from the asphalt factory (Control plots
production include the criteria pollutants PM=10 (PM less (CA, CB, CC and CD), cultivated plots at 1 km away from
than 10 micrometers in aerodynamic diameter) and the asphalt factory (Medium affected plots MA, MB, MC
PM=2.5, hazardous air pollutant (HMAP) metals and and MD) and the third cultivated plots at approximately
HMAP organic compounds. The gaseous emissions 200 m from the factory (Highly affected plots HA, HB, HC
associated with HMA production include the criteria and HD). The control plots were intentionally chosen at
pollutants sulfur dioxide (SO ), nitrogen oxides (NO), 7 km to provide control samples this is because they are2

carbon monoxide (CO) and volatile organic compounds located at reasonable distances from the exact location of
(VOC), as well as volatile HAP organic compounds [2]. the asphalt plant (Table1, Fig. 1).

Since the asphalt production changes the habitat
characteristics by water retaining and substrate
balkanization and thus alters the living conditions for the
soil mesofauna, investigations were conducted in an area

o

o
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Table 1: Location of soil sampling points.
Approximate distance Approximate direction

No. of sampling points The severity of pollution. Site of collection from Asphalt plant  from Asphalt plant
1 Highly affected A 200m North

B 200m East
C 200m West
D 200m South

2 Medium affected A 1 km North
B 1 km East
C 1 km West
D 1 km South

3 Control A 7 km North
B 7 km East
C 7 km West
D 7 km South

Table 2: Wavelength and detection limits of each heavy metal in the AAS
analysis.

Element Wavelength (nm) Detection limits (µg/l)
Zn 213.9 0.008
Cd 228.8 0.027
Pb 217.0 0.085

Fig. 1: Diagram showing the Location of soil sampling
points around the Hot Mix Asphalt Plant (HMAP).

The study was carried out in four  successive
seasons (From 15 December 2010 to 15November 2011).
Ten random samples were taken randomly over in every
plot of the soil, at level from 0-15 cm. The extraction of
fauna from the soil samples was made by the selective
Tullgren- Berlese`s method [24].Parallel series of samples
were analyzed to determine the heavy metal contents, at
the Central Laboratory, GC unit of Tanta University.

Data Analysis: The analysis of the oribatid communities
structure was based on the analytical ecological indices
(Average abundance of each species - relative density-
dominancy.) and synthetic indices (The index of

ecological significance), community diversity was
measured using Simpson's diversity index (D), equitability
(E), (An index sensitive to changes in dominance
structure) and Shannon -Wiener - H(s) max and Shannon
equitability (J), (An index sensitive to changes in rare
species [25]. Similarity between mite communities in
different affected plots was assessed using the C  index
of Morishita [26], (A good way to compare communities
in different places or at different times).

Soil Analysis: Four sub-samples of soil were taken from
each plot for analysis after the soil fauna had been
extracted. The soil samples were oven dried at 60 C ando

then passed through a 1-mm aperture sieve to remove
larger portions of soil masses and stones.

Organic matter content was estimated by the
Walkley-Black method [27]. Total calcium carbonates were
determined volumetrically using Collin’s Calcimeter and
soil pH was recorded following the method of Spurgeon
[28]. Heavy metals (Cd, Pb and Zn) were analyzed by the
total adsorbed metal (5g soil from each sample was
digested with25ml DTPA), using an atomic
spectrophotometer (Thermo-electron, S Series GE 711838,
Thermo Electron Corp, Waltham, USA). The limits of
detection and wavelength of different heavy metals are
given in Table 2 [29, 30].

Vegetation data were extracted from Maize leaves.
The collected data include Nitrogen, Phosphorous,
Potassium, Calcium, Magnesium, Sodium and Sulphate.
They were used to assess the impact of the Asphalt plant
on vegetation. Maize leaves were collected from different
locations around the asphalt plant. The first sample was
collected at about 7 km south of the plant, the second at
one km distance from the Asphalt mix plant. While the
third was taken from a farm located at about 200 m from
the plant.
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RESULTS the nitrogen oxide content of the soil around it. Sulphur

The obtained results showed that; the pH ranged value of 0.13 to 7.227 mg/kg with an inverse correlation
between 7.59 -7.91 in the control plots C and plots M coefficient value of -0.218, p-value<0.05 (At 5%
while in plots H; the pH ranged between 8.12- confidence level). It is clear that a significant relationship
8.39.Meanwhile, the electrical conductivity (EC) ranged exist between SO  and distance from the plant. Table 4
between 0.78-0.85 ds/m in control plots, 0.85-1.0 ds/m in confirmed that the sample taken at the exact location of
plots (M) and 1.09-1.42 ds/m in plots(H) near the plant. the plant and those taken at about one kilometer from the
The results indicate that there is a significant correlation plant apparently have higher values than the others. 
could be established between the mean values of EC in Benzene content of the soil samples was reported to
control plots and highly affected  plots  (H)  (P<0.005). be higher near the plant. It ranges from Zero to5.71mg/kg.
The recorded results indicate that there is no significant The mix asphalt plant could be said to be responsible for
correlation could be established between the mean values the higher benzene content of samples near it.
of total organic matter percentage and distance from the Formaldehyde content of the soil samples ranged
Hot Mix Asphalt plant as the mean values of total organic from 0.00 to 0.041mg/kg. Though no significant
matter  percentage  ranged  from  1.98-2.32  in  plots relationship between formaldehyde content and the
(C),1.9-2.12 in plots (B) and 2.05-2.45 in plots (H). In distance from the plant could be established, the amounts
addition, Calcium carbonate (CaCO ) was recorded at found in all the samples are negligible. With a correlation3

elevated concentrations in the soil adjacent to the Hot coefficient value of -0.37and consequent p-value of -1.12,
Mix (P<0.001) compared with control plots (Table 3). the relationship between Formaldehyde content in the soil

The Impact of the Various Pollutant Elements  on  Soil: significant at 5% confidence level.
To estimate the impact of the various pollutant elements Therefore it could be asserted that the plant has no
from the asphalt plant on the soil of the surrounding area, significant impact on the Formaldehyde content of the soil
the results of the pollutant elements analyzed for samples around it. The mean values of cadmium concentrations
H and M were compared with those of the control were ranged from 0.014 to 0.149.The obtained results in
samples(C). The considered pollutant elements are Carbon tables 3 and 4 indicate that the soil samples closer to the
monoxide (CO), Nitrogen oxide (NO), Sulphur dioxide Hot Mix Asphalt Plant have higher Cadmium than those
(SO ), Benzene, Formaldehyde, Cadmium, Lead (Pb) and further away. However, the correlation value is -0.959 and2

Zinc (Zn). p-value of 0.041, suggesting that the relationship between
Carbon monoxide content in the soil ranged from a Cadmium content in the soil and the distance from the

mean value of 1.47 to 7.77g/kgwith a correlation plant is significant. Heavy metals (Pb and Zn) were
coefficient (r) value of -0.430 (p-value >0.05)indicates that recorded at elevated concentrations in the soil adjacent to
no significant correlation could be established between the Hot Mix Asphalt plant  (200m  distance)  and at  one
CO value and distance fixedly. Therefore, there is no km distance compared to their concentrations in the
significant correlation between the CO content of the soil control plots (Tables 3, 4). However, the Pb and Zn
samples taken near the Hot Mix Asphalt plant and those concentrations of the studied plots profiles did not exceed
far from it, another way of saying that the Hot Mix the maximum acceptable concentrations in soil (100mg/kg
Asphalt plant has no significant impact on the CO content and 300 mg/kg, respectively).
of the soils around it. Nitrogen oxide content of the soil
samples ranged from a mean value of 0.074 to 0.331 g/kg. The Impact on Vegetation: The vegetation around the Hot
No correlation was recorded between the distance from Mix Asphalt Plant seems to be of the same consistency
the plant and the amount of Nitrogen Oxide present in the with those far away from it. The leaves are green with
soil.  With a  correlation coefficient  value  of  0.376  and traces of yellowish colour on older vegetation. The
p-value of 0.624, indicating that no correlation could be analysis of some elements in the sample leaves taken
established between values of nitrogen oxide in the soils shows the same range (Table 5).
with respect to distance. The detected results reveal that Total nitrogen content is higher in leaves of samples
no significant difference was evaluated in the nitrogen collected from nearest to the plant. However, nitrogen
oxide content in soil samples. It can thus be asserted that content of sample, which is 7km away from the plant, is
the Hot Mix Asphalt plant has no significant impact on higher  than  that  of sample which is 200m away from the

dioxide content of the soil samples ranged from a mean

2

and the distance from the Hot Mix Asphalt plant is not
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Table 3: Mean concentrations of soil pollutants in the upper soil layer (0-15 cm) and other characteristics of all sampled sites throughout the period of study.
TOM CaCO CO NO SO Benzene Formaldehyde Cadmium3 2

Site pH E.C.ds/m (%) (%) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) Pb mg/kg Zn mg/kg
CA 7.62 0.78 2.13 1.41 1.03 0.095 0.132 0.00 0.00 0.021 1.203 1.950
CB 7.56 0.83 1.98 0.99 1.65 0.049 0.095 0.00 0.00 0.018 1.156 1.712
CC 7.59 0.85 2.02 0.85 1.33 0.075 0.117 0.00 0.00 0.012 1.093 1.560
CD 7.60 0.79 2.32 1.11 1.85 0.080 0.156 0.00 0.00 0.006 1.252 1.485
MA 7.98 0.98 2.12 3.58 3.99 0.253 4.030 0.801 0.009 0.045 6.735 26.15
MB 7.90 1.00 2.06 2.69 3.12 0.215 2.945 0.720 0.008 0.062 7.220 28.14
MC 7.86 0.85 1.96 2.11 2.75 0.300 3.125 0.711 0.007 0.081 5.191 22.29
MD 7.89 0.99 1.90 2.40 3.75 0.205 3.154 0.514 0.007 0.083 5.002 22.10
HA 8.13 1.42 2.05 5.41 10.36 0.365 8.81 6.60 0.030 0.186 10.56 56.49
HB 8.25 1.13 2.45 4.99 6.54 0.322 8.51 5.58 0.035 0.172 12.26 51.75
HC 8.12 1.09 2.13 4.00 5.94 0.260 6.54 5.52 0.042 0.123 9.73 49.45
CA,CB,CC,CD Control plots(C); MA,MB,MC,MD medium affected plots (M); HA,HB,HC,HD highly affected plots (H) 
EC= Electric conductivity; TOM= total organic matter.

Table 4: Correlation between Mean concentrations of soil pollutants in the upper soil layer (0-15 cm) and sampled sites. 
Corr. pH E.C. TOM CaCO3 CO NO SO2 Benzene Formal Cadmium Pb Zn
C&M r 0.579 -0.68 -0.508 0.92 -0.14 0.298 0.337 - - -0.927 -0.059 0.709

P-value 0.421 0.32 0.492 0.08 0.86 0.702 0.033* - - 0.073 0.941 0.291
C&H r -0.203 -0.971 -0.767 0.569 -0.43 0.376 -0.248 - - 0.959 -0.052 0.974

P-value 0.797 0.029* 0.233 0.431 0.57 0.624 0.042* - - 0.041* 0.034* 0.026*
Non significant >0.05- Significant = 0.05* - High significant = 0.001* 
C & M  Correlation between control and medium affected plots (M). C & H Correlation between control and highly affected plots (H)

Table 5: Analysis of some essential elements in sample plant leaves in the experimental sites around the plant station.
Site
-----------------------------------------------------------------------------------------------------------------------------------------------
Nitrogen Phosphorous Calcium Magnesium Sodium Potassium Sulphate
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

200m from asphalt plant station 8.95 5.48 9.18 3.05 3.25 1.82 0.79
1km from asphalt plant station 8.12 5.00 8.90 2.75 3.01 1.75 0.85
7km from asphalt plant station 7.65 4.91 9.53 2.90 2.70 1.62 0.80
P-value 200m & 1km 0.167 0.422 0.639 0.615 0.687 0.719 0.250

200m & 7km 0.032* 0.341 0.557 0.801 0.358 0.307 0.847

plant. Thus, the most logical hypothesis is that the Hot per m  in plot HA). The one way ANOVA revealed
Mix Asphalt plant has no impact on the vegetation significant differences in oribatids abundance between
around it. control plots C and polluted plots M,H(P<0.05). The

Analysis of variance indicate that difference exist highest abundance of oribatids was recorded in control
between nitrogen, Phosphors, Calcium, Magnesium, plots and the lowest abundance was recorded in plots H
Sodium, Potassium, Iron and Sulphate contents in the which adjacent to the Hot Mix Asphalt plant especially in
samples taken) indicates that no significant difference plot at the north of the mix plant (HA). Xylobatus
exist in their contents of the vegetation samples taken souchniensis, Scheloribates laevigatus and Rhysotritia
(P>0.05). ardua ardua were dominant species in control plots,

Oribatid Mite Communities: The distribution of oribatid individuals (Table7). Xylobatus capucinus, Zygoribatula
species  across  sites  is  shown in table 6. Mean density undulate, Zygoribatula Faveolata and Oppia sticta were
(X ± SE) of total oribatid mites in control plots had the subdominant in control plots, while Galumna
highest total density of oribatids compared with plots M tarsipennata, Lamellobates rostralis, Epilohmannia
and H. Here mites reached a density of 8480±2740 cylindrica, Anchipteria aegyptica and Multioppia
individuals per m  in control plot CB while the lowest wilsoni were recorded as minor or rare species in control2

density was observed in plots H (1573.4±523 individuals and polluted plots.

2

contributing more than 10% of the total number of
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Table 6: List of Oribatid mites with their abundances (mean of the average± Stander error) in the studied plots C, M and H. during the sampling period.
Control plots(C) Medium affected plots(M) Highly  affected plots(H)
------------------------------------------------- ------------------------------------------------- --------------------------------------------------

Species CA CB CC CD MA MB MC MD HA HB HC HD
1. Xylobatus souchniensis 60±5.4 85±6.1 40±5.8 65±5.3 43±9.2 50±10.0 48±9.4 60±6.3 10±1.2 20±5.0 21±5.2 18±3.0
2. Xylobatus capucinus 14±2.1 18±1.5 10±4.2 20±5.0 7±3.6 8±1.5 9±3.7 7±1.2 - - - -
3.Scheloribat- laevigatus 59±6.5 65±4.6 53±6.2 62±6.3 48±7.8 40±6.5 39±5.8 30±4.5 20±4.5 10±2.4 7±2.2 9±1.3
4. Rhysotritia a. ardue 28±3.2 33±1.8 33±4.5 25±2.5 9±4.2 12±2.0 8±4.1 7±1.5 10±1.6 11±1.7 6±0.9 7±2.3
5.Zygoribatula undulata 23±2.2 27±2.4 20±3.5 28±4.6 17±2.3 15±4.2 11±2.8 10±0.9 6±1.5 9±3.1 7±1.0. 5±2.5
6.Zygoribatula Faveolata 22±1.9 25±1.7 29±2.0 18±2.8 12±5.1 10±3.2 13±3.2 8±1.4 4±0.9 6±0.5 2±0.6 4±1.5
7. Oppia sticta 23±3.9 25±3.1 20±2.4 20±3.9 12±2.0 18±1.5 18±3.9 6±0.58 9±0.8 10±2.6 8±1.4 8±1.4
8. Galumna tarsipennata 7±1.0 50±7.3 6±2.0 3±1.8 - - - - - - - -
9.Lamellobates   rostralis 12±2.1 7±1.0 16±0.8 9±1.4 5±1.3 9±2.5 9±4.0 6±0.7 - - - -
10.Epilohmannia cylindrica 9±2.6 11±2.1 9±0.9 4±2.6 6±3.3 8±1.9 5±3.3 3±0.3 - - - -
11.Anchipteria aegyptica 9±1.6 8±0.45 8±0.8 - - - - - - - - -
12. Multioppia  wilsoni 6±0.85 9±0.7 6±0.7 6±1.0 - - - - - 1±.0.5 1±1.0 -
Total individuals/sample 272±34.7 318±22.3 252±36.5 260±17.6 159±13.9 170±18.7 160±35.5 137±12.6 59±10.6 66±19.2 52±14.8 51±20.0
Total number/ m2 7253.3±2530 8480±2740 6720±1965 6933.3±2171 4240±1795 4533.3±1240 4000±1050 3653.3±752 1573.4±382 1760±452 1920±397 1360±402
Number of species 12 12 12 11 9 9 9 6 7 7 6
CA,CB,CC,CD Control plots,  MA,MB,MC,MD Medium affected plots and   HA,HB,HC,HD High affected plots

Table 7: Relative density and dominance of Oribatid mites in the control plots(C) and affected plots M, H. during the sampling period.
Control plots(C) Medium affected plots(M) Highly  affected plots(H)
---------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------

Species CA CB CC CD MA MB MC MD HA HB HC HD
1. Xylobatus souchniensis 22 B 26.72 B 16 B 25 B 27.9 B 29.4 B 30.0 B 43.7A 16.9 B 30.3 A 40.3 A 35.2 A
2. Xylobatus capucinus 5.14C 5.66 C 3.9 D 7.7 C 4.5D 4.7 D 5.6 C 5.1 C - - - -
3.Scheloribat- laevigatus 21.69B 20.4 B 21.0 B 23.8 B 30.1 A 23.5 B 24.3 B 21.8 B 33.8 A 15.1 B 13.4 B 17.6 B
4. Rhysotritia a. ardue 10.29 B 10.37 B 13.0 B 9.6 C 5.6 C 7.0 C 5.0 C 5.1 C 16.9 B 16.6 B 11.5 B 13.7 B
5.Zygoribatula undulata 8.45 C 8.4 C 7.9 C 10.8 B 10.6 B 8.8 C 6.8 C 7.3 C 10.1 B 13.6 B 13.4 B 9.8 C
6.Zygoribatula Faveolata 8.08 C 7.86 C 11.5 B 6.9 C 7.5 C 5.8 C 8.1 C 5.8 C 6.7 C 9.0 C 3.8  D 7.8 C
7. Oppia sticta 8.45 C 7.8 C 7.9 C 7.7 C 7.5 C 10.5 B 11.2 B 4.3 15.2 B 15.1 B 15.3 B 15.6 B
8. Galumna tarsipennata 2.5D 15.7B 6.3 C 1.2 D - - - - - - - -
9.Lamellobates   rostralis 4.41 D 2.2 D 2.4 D 3.5 D 3.1 D 5.2 C 5.6 C 4.3 D - - - -
10.Epilohmannia cylindrica 3.3 D 3.4 D 3.5 D 1.5 D 3.7 D 4.7 D 3.1 D 2.3 D - - - -
11.Anchipteria aegyptica 3.3 D 2.5 D 3.2 D - - - - - - - - -
12. Multioppia  wilsoni 2.2 D 6.5 C 2.4 D 2.3 D - - - - - 1.5 D 1.9 D -
CA,CB,CC,CD Control plots,  MA,MB,MC,MD Medium affected plots and   HA,HB,HC,HD Highly affected plots.  %; relative dominance in community; dominance class is indicated by capital
letters, A eudominant:over30% of individuals, B  dominant; 30-10% of individuals, C sub-dominant;10-5%of individuals, D minor;5-1% of individuals and E rare, less than 1% of individuals(The
relative dominance of each species was classified according to Engelmann 1978).

Fig. 2: Average population densities of the five most common oribatid species: (a) . Xylobatus souchniensis, (b)
Scheloribates laevigatus, (c) Rhysotritia a. ardue, (d)Zygoribatula undulate (e) Oppia sticta, and (f) the total
number of oribatids, as a function of pollution level during  the four seasons of the study. Error bars indicate
standard errors of the mean.



Am-Euras. J. Agric. & Environ. Sci., 13 (12): 1650-1661, 2013

1656

Fig 3: Relative dominance of all collected oribatid species in the all studied plots. (A) Sites at North of pollution source,
(B) Sites at South of pollution source, (C) Sites at east of pollution source and (D) Sites at west of pollution
source.  1. Xylobatus souchniensis, 2. Xylobatus capucinus, 3. Scheloribates laevigatus, 4. Rhysotritia a.
ardues,  5. Zygoribatula  undulate,  6.  Zygoribatula  Faveolata,  7. Oppia sticta, 8. Galumna tarsipennata,
9. Lamellobates   rostralis, 10. Epilohmannia cylindrical, 11. Anchipteria aegyptica, 12. Multioppia  wilsoni.

Table 8: Abundance and specific diversity of oribatid mites' community in the investigated soils during the period of study
Average Relative
abundance contribution

Site No./m % S S" Hs Hsmax Hr2

High polluted plots(H) Winter 229.25 14.56 7 1.33 1.94 54.43
Spring 575.5 36.57 8 7
Summer 415.7 26.41 7
Autumn 352.95 22.43 6
Total no./m 1573.442

Medium polluted plots(M) Winter 756.21 18.41 8 1.38 2.19 59.81
Spring 1565.3 38.11 10
Summer 950.19 23.13 9 9
Autumn 834.75 20.32 9
Total no./m 4106.52

Control plots(C) Winter 1297.86 17.89 11 1.45 2.48 68.55
Spring 2575.42 35.5 13
Summer 2021.37 27.86 12 12
Autumn 1359.65 18.74 12
Total no./m 7253.32

Focusing on the densities of separate species, In all studied areas, some species were recorded in
significant effects of pollution were shown in various both control and polluted plots. Other species were
cases (Fig.2). The soil pollution in plots H had a exclusively found in control or in medium polluted plots
significant negative effect on the densities of but not recorded in high polluted plots H. Differences in
Zygoribatula Faveolata. The species Xylobatus species  richness  were  so pronounced between sites.
souchniensis and Scheloribates laevigatus showed a The average number of species richness was recorded in
high  degree of constancy maintaining the same degree of control plots C (12 species). However, species richness in
dominance as     in  control.  Zygoribatula  undulate  and plots  M  was  9  species.  On  the  other  hand, the lowest
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Fig 4: Shannon's H ( ) and Simpson's D ( ) diversity indices, and their associated evenness ( ) and equitability
indices ( ), calculated for oribatid mite communities in all tested plots (A) control and affected plots at the north
of pollution source , (B) control and affected plots at the East of pollution source, (C) control and affected plots
at the west of pollution source (D) control and affected plots at the south of pollution source. ). 

Table 9: Similarity indices (C ) of the oribatid mite communities between differently affected plots.
Comparison C Comparison C Comparison C Comparison C
MA vs CA 0.857 MB vs CB 0.857 MC vs CC 0.857 MD vs CD 0.905
HA vs CA 0.667 HB vs CB 0.736 HC vs  CC 0.736 HD vs  CD 0.705
MA vs HA 0.80 MB vs HB 0.875 MC vs HC 0.750 MD vs HD 0.800
Plot designations:  CA,CB,CC,CD control plots,  MA,MB,MC,MD medium affected plots and  HA,HB,HC,HD Highly affected plots

number of species was recorded in plots H (7.2species) decrease  in comparison to the controls. With an
with  the  highest concentration in the recorded intermediate effect in the Plots M which locate at
pollutants. intermediate distance between control plots and high

Concerning of the seasonal average density of polluted plots H. Shannons diversity index ranged
oribatid mites communities,  the  results  recorded in between 1.63 and 2.33 and its evenness ranged between
Table 8 indicated lower densities in control C and polluted 0.84 and 0.94. The highest diversity (H') was recorded in
plots M and H at winter and autumn, while the highest the control plots (2.32, 2.05, 2.11 and 2.33), Species
abundance was reported in spring followed by summer in diversity reached its lowest value in plots H (1.65, 1.73,
all investigated plots. 1.68 and 1.63). Species richness evenness and Simpson

The  Impact  on  Species  Diversity: Two diversity indices as they decreased from plots C to plots H. 
(Shannons H' and Simpsons D) were used to detect and' '

evaluate the effect of Hot Mix Asphalt plant pollutants on The Impact on Community Similarity: The similarity
the     Oribatids  community  level.  Fig  4  shows  that  the between the communities across pollution was higher in
species diversity and equitability in all cases  tended to the medium and control plots (D) than in the High and

'

index in the studied communities followed the same trend
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control plots (Table 9). The similarity between CD and to be unequaled cleaner of the atmosphere. The
MD plots was the highest of all (C  = 0.905) while the vegetation around the mix plant absorbs a lot of the air
lowest degree of similarity was recorded between CA and pollutants emitted. It had been calculated that one hectare
HA (C  = 0.667). This indicates that medium polluted of wood can absorb 400kg of sulphur dioxide [34].
plots had a smaller effect on community structure than the Studies of oribatid mites stressed by metal
highly polluted plot and that the strongest effect was in contamination were carried out previously (e.g. [6, 21]).
adjacent to the pollution source. Recently, metal concentrations were estimated in more

DISCUSSION [6, 8]. Unfortunately, there are no studies on oribatid mites

To assess the impact of the various pollutant atmosphere from the Mix asphalt plant in Egypt.
elements from the Asphalt plant at Gharbiya governorate The present results showed that the highest
on the soil of the surrounding area, the result of the abundance of oribatids was observed in control plots C
pollutant elements analyzed for samples from plots M( followed by medium polluted plots M. The plots H (Near
1km distance from Hot Mix Asphalt plant) and H( 200 m the Mix Asphalt plant) are characterized by a high
distance Hot Mix Asphalt plant) were compared with contamination by heavy metals. The effect of pollutants
those of the control samples(7km distance from the plant) on the abundance and species diversity of oribatid mites
consequent upon which a linear relationship between may be were probably direct due to direct toxicity of
pollutant elements and the distance from the asphalt plant pollutants to the mites and/ or indirect (Adversely
was established. affecting food sources, reproductive rate or soil quality).

During asphalt production, gaseous pollutants are Seniczaket al. [35] classified Oribatids into 3
emitted into the atmosphere. The obtained results indicate
that CO and NO concentrations in the soils around the mix
plant are not significant compared with the SO2

concentration. The Hot Mix Asphalt plant would be the
reason why the samples near it have high sulphur dioxide.
This could be attributable to the fact that sulphur dioxide
is a rather more stable gas than the previous two, which
respectively oxidizes to carbon dioxide and nitrogen
dioxide readily  in  the  presence  of  oxygen  in  the  air
[32].

However, a comparison of the mean concentrations
of heavy metals with the values for non-polluted soils in
Egypt which was recorded by Aboulroos et al. [33] with
the maximum allowable concentrations (MAC) of elements
in agricultural soils showed that none of the heavy metal
concentrations exceeded the permissible levels. The
variation of heavy metal concentrations might be due to
heavy metal pollutants which are emitted into the
atmosphere from the asphalt plant into the respective
area. The overall trend of the concentrations of heavy
metals  in  different  tested area was Zn >Pb> Cd. Rilwani
et al. [32] concluded that, the Hot Mix Asphalt plant has
significant impact on the cadmium content in the soil
around it.

The reported differences between element contents
in the collected samples indicates that no significant
difference exist in their contents of the vegetation. This
indicates that the Hot Mix Asphalt has no significant
impact on the vegetation around it. Vegetation is known

than 30 species of mites along a contamination gradient

related to the pollutants which are emitted into the

categories (Quite susceptible, less susceptible and
tolerant) based on their reaction to heavy metals.These
categories may also be applicable to their responses to
the heavy metal concentrations resulted from Hot Mix
Asphalt plant. The low- dispersing, near plant, low
metabolic Oribatids, was adversely affected in the control
plots. The low numbers found near the plant were
probably species tolerant category [35].The effect of
toxicity of pollution to the mites may be due to the
changes in the fungal community of the soil which
consider an essential food item for soil microarthropods
[36]. In addition to microbial communities, knowledge of
feeding habits of the microarthropods is also crucial to
understand the species-specific responses [35, 37]. To
conclude, the obtained results are the outcome of complex
interactions between microbial change, feeding preference
and direct toxicity. These results are consistent with the
results obtained by Ivan and Vasiliu [20] which evidenced
in their work concerning soil pollution with cement
powder that the density of soil Acari - Oribatida and
Gamasida - was significantly lower in the highly
contaminated plot than in the control plot. Additionally,
the present results assures that in the highly
contaminated plots the number of species of soil Oribatida
was lower than in the control plot, except in the medium
contaminated plots where the number of oribatid species
was higher than in the highly contaminated plots. We
noticed also that the mean abundances and the number of
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oribatid species were the highest in spring and summer in and Oppia sticta were represented with a higher
all polluted and control plots while the lowest number of
individuals and species were recorded in winter and
autumn in all tested plots. Evan and Vasiliu [19]
concluded that, the organic horizon of the Darvari forest
affected by industrial pollutants as the average density of
the oribatid mites evidences similar dynamics as in the
control perimeter, with a minimum in summer and with a
maximum in autumn.

The present study showed that species diversity and
equitability indices were higher in control plots than in
polluted plots. Increase in evenness of species indicates
higher stability of community [38]. In other words, the
community structure of oribatid mites became more biased
towards specific species under the effect of pollution.
Studies documenting the effects of soil pollution on
oribatid mite communities have shown that the changes
in abundance and dominance underlying total density and
species richness may be quite complicated [9, 39,41].

There seems to be a large variety in responses to soil
factors among oribatids and the overall effects can only
be understood in terms of shifts among individual species
[41-43].

Studies of Zaitsev& van Straalen [6] clarified high
diversity of oribatid mites in most sites suggesting that
the metal contamination was not a leading factor affecting
the species density and diversity.

Since the weather conditions appeared to be
favorable in all sites, temperature must be the dominant
environmental factor for community structure in sites with
low levels of pollution. It might be possible that heavy
metal accumulation in these areas creates specific
conditions, where specialized, narrow habitat-selected and
temperature-dependent species, such as Z.cognata [44]
can increase their numbers. Thus, low species diversity is
expected to occur in these areas. On the contrary, in the
medium polluted plots the accumulation of contaminants
seems to dominate over the other environmental factors.
The pollutants create a rather homogeneous and constant
environment and wide habitat-selected, resistant to
pollution  species may establish. Thus, in these latter
areas species diversity is expected to increase. The extent
to which species diversity increases in moderately
polluted areas depends on the availability of controller
species   able  to  establish  themselves.  Finally, in
heavily contaminated sites the severe conditions allow
only  a  few  tolerant  species  to  survive,  which results
in a decline in species numbers.  Zygoribatula  undulata

proportion in polluted plots. Thus these mite species are
considered particularly sensitive and thus good
bioindicators.

Stamou and Argyropoulou [45] stated that
Scheloribates latipes and Tectocepheus sarekensis can
be used as bioindicators for Pb and Zn pollution
respectively. The results indicate also that the pollutants
concentrations and consequently their effects on mite
community and diversity are affected by wind direction
around the mix plant. 

This study needs to be followed by further
researches yielding more and more complete data with
respect to the a biotic and biotic conditions and if
possible also from other zones or ecosystems under
similar pollution conditions. It could be concluded that a
slight contamination stimulates, to a certain degree, some
characteristics of mite communities, but this needs further
investigations.
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