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Six common tree species were used to check their suitability to use as magnetic 

biomonitors for particulate air pollution. The morphology and chemical 

composition of their leaf dust were identified using SEM/EDX. The results showed 

that the shape of particles are sphers, ovoid, irregular or grouped into aggregates; 

they were well within the size range of urban dust, especially hazardous for public 

health (PM 2.5 and PM10). These particles enriched by Fe (iron oxides), Al and 

silicates, with varying concentrations of minor elements, including Mg, K, Ca, Na, 

Ti, V, Au and Zn, Pb, Cd besides C and O2.  

The tree leaf deposit samples gave rise to 2.46 folds higher magnetic values than the 

active filter, reflecting the advancing use of the tree leaves as air pollutant collectors 

than the industralized chemical filters. Except Cd, all tested parameters have 

significant correlation (p<0.01) with each other as well as with the recorded 

remanent magnetization values, suggestive an anthropogenic nature of the 

magnetic carrier, and indicating that magnetic particles and heavy metals coexist in 

the city dust. Both IRM and SIRM show highly signifcant (P<0.01) variations 

between the diffrent studied species. Their maximum values were recorded in 

Bougainvilla glabra and Bauhinia variegate. Bougainvilla glabra showed a higher 

value of (ε) as compared to other tested species, reflecting its ability for using as 

magnetic biomonitor for PM.  

 

Keywords: IRM, SIRM, Heavy metals, Ferromagnetic, Brownian motion, 

Micromorphology  

 

INTRODUCTION 

Urban atmospheric dusts were reported to adversely affect 

human’s health (Donaldson et al., 1998; Harrison and Yin, 2000; Zhao et 

al., 2006). Airborne particles with a diameter less than 10 mm (PM10) are 

highly hazardous since they   have increased mortality and morbidity 

from respiratory and cardiovascular diseases (Samet et al., 2000). In 

Egypt, the problem of particulate pollution is relatively more severe in 

cities, as in Sohag, like in developing countries because of inadequate 

technical, legislative provisions for vehicular emissions, high traffic 

density compared to the size and length of roads, predominance of old 

vehicles prone to high emission levels, poor quality of fuel and lubricants, 



weaknesses in enforcing emission control standards and lack of 

fundamental database on emissions. For the city atmosphere, the obtained 

ratio of PM2.5 (particles less than 2.5µm in diameter) to PM10 (particles 

less than 10µm in diameter)  implying a high contribution from 

combustion sources; their annual average exceeded the criteria published 

by Low No. 4 of Egyptian Environmental affairs Agency (EEAA)  ( El-

khatib et al. 2007, 2008). These particles are known to have magnetic 

properties. Matzka and Maher (1999) have identifed high positive 

correlation between total PM10 dust mass and the concentration of the 

contained magnetic particles (as indicated by its saturation remanent 

magnetization, SIRM), indicating coherent co-existence of magnetic and 

other urban dust particles. 

 The excellent potential of environmental magnetism as a proxy 

for atmospheric pollution levels has been reported based on analysis of 

vegetation samples including tree bark, leaves and needles (Kim et al., 

2007; Matzka and Maher, 1999; Jordanova et al., 2003; Moreno et al., 

2003). In this concern, tree leaves in roadside and urban area have been 

reported as a good accumulator of the atmosphere dusts (Eriksson et al., 

1989;  Freer-Smith et at., 1997; Moreno et al., 2003; Urbat et al., 2004, 

El-Khatib 2008). The deposition of pollution particles on tree leaf 

surfaces has been shown to result in easily measurable magnetic 

properties, including magnetic remanence (i.e. the magnetisation 

remaining after a sample has been placed in and then removed from an 

applied dc field) and magnetic susceptibility (the magnetization per unit 

applied magnetic field). For a number of industrial sites in Germany, 

Schadlich et al. (1995) found strong correlation between the magnetic 

susceptibility of pine needles and their Fe content, as a result of 

deposition of fly ash particles. Matzka and Maher (1999) found the 

isothermal remanent magnetization (IRM) imparted to leaves of birch 

(Betula pendule) in urban and suburban areas are useful as a proxy of 

traffic pollution. Suitability of both susceptibility and IRM of dust-loaded 

leaves of deciduous trees (Platanus sp. and Quercus ilex) for mapping 

vehicular traffic emissions in the city of Rome in Italy was described by 

Moreno et al. (2003).  

In Egypt, no previous studies concerning by the present research 

topic have been carried out. Accordingly, the present research represents 

the first window on this scientific area. It aimes to address problems of 

the environmental degradation of the province of  Sohag, which is 

subjected to accelerated urbanization (population over pressure by ca. 3.8 

million people) and air pollution stress (increasing traffic, industries, 



construction, etc.) (El-Khatib and El-swaf, 2001), through synthesize data 

on magnetic properties of urban tree leaves dust and  carriers of 

magnetization. To achieve this aims, the cuurrrent research are dealing 

with: 1) magnetic bio-monitoring study, based on six types of  trees, 

which are collectively common in both urban and suburban areas, through 

determine their IRM and SIRM; 2)  determination of which has/have 

maximum efficiency (ε) as passive biomagenteic monitor; 3)  finding  

their magnetic properties  vs. the content of PM10and PM2.5, and  4)  

evaluattion of the possibility of using biomonitoring as a robust surrogate 

for identifying the source and concentrations of toxic trace metals, 

especially Cd and Pb, which are common air pollutants in the study area.  

 

MATERIALS AND METHODS 

Sampling locations and sampling method 

Sohag city is located at the upper Egypt  (31° – 32° E, 26° – 27° 

N), which is a major of extreme arid climate. As far as possible, the 

sampling points were distributed evently over the area  within and around 

the city to include presumably polluted areas near major roads and 

relatively cleaner environments, like rural minor roads. Leaf samples 

were gathered monthly during a physical year 2010. To examine the 

variability of SIRM between tree species and the possibility of species-

dependent differences in dust absorbency, six tree species: Ficus nitida, 

Bauhinia variegata, Thuja orientalis, plumeria alba, Bougainvilla glabra, 

and Poinciana regia, which are the most common tree species in the 

studied area were selected. To maintain uniformity of sampling, tree 

leaves were collected from the outer canopy at a height of 2 m above the 

ground and the side facing the road, where two or more of the selected 

tree species were co-located within a 2 m radius. At each sampling site, a 

composite sample of thirty six leaves from three different individuals was 

collected for each tree species. The oldest leaves from the newest twig 

growth were sampled in order to ensure leaves of similar age and 

exposure time. A total of 648 samples were collected.  In the same time, 

the active filter using a high-volume air sampler was operated in sampling 

sites at the closest possible area to the trees and on the same height of 

leaves collected. The collected Leaves were keept in clean sealed plastic 

bags, iceboxed and transported to the laboratory for analyses and 

measurements. 



SEM and XRD/EDX 

To prevent the loss of ultrafine particles, aliquot number of the 

collected leaves was washed by bidistilled water in clean glassy jars with 

bottom coverd by asheless filter paper. The water allowed to evaborate 

under dry oven conditions (80°C). Then, each filter paper was grinded to 

the form of powder in agatite. Investigation of the surface microstructure 

of the powder samples was performed with a scanning electron 

microscope (SEM: FEI NOVA NANOSEM-200 with an acceleration 

voltage equal to 15 KV) coupled with an energy dispersive X-ray (EDX) 

analyser with detector for carrying out the quantitative analysis. To 

identify the magnetic compounds contained in the samples and their grain 

size, a Miniflex X-ray diffractometer (XRD) with Cu-K radiation 

(λ=1.5418 Å) was used at room temperature.  

PM 2.5/PM10 distribution 

To determine the fraction of PM 2.5 and PM 10 in the leaf dust 

samples, leaf samples were washed by ultra-pure water in clean plastic 

jars and the suspensions were subjected to a series of filteration. Millipore 

membran filters with definite size categories (10, 2.5 and 0.22µm) were used 

in this process according to the method reported by Lippmann and Hering, 

(1989); Lee and Ramamurthi, (1993); Chow et al, (1996);  EPA, (2001). 

Cadmium and Lead quantification 

Sample leachates were filtered through 0.2 mm filters. The 

collected dust of each species was digested in aqua-regia acid mixture 

HCl: HNO3 in ratio 3:1 for 2hr in a boiling water bath. Samples were 

then filtered and stored in plastic bottles ready for analysis. Total 

concentration of the metals (Pb, Cd) was determined by using the method 

adopted by Klärschlammverordnung (1982), and the concentration of 

metals was analyzed by Perkin Elmer M7D atomic absorption 

spectrophotometer which calibrated with standard solutions (BDH). Data 

quality was assessed by preparing and analyzing three replicates for every 

sample, and periodically check the accuracy with standard solution. All 

metal concentration values are expressed as mg/kg. 

2.5. Magnetic remanence (IRM, SIRM) 

Leaf samples were magnetised (at room temperature) with 

incremental, pulsed dc fields up to 2T. The resultant isothermal (i.e. room 

temperature) hysteresis loops were measured using a vibrating sample 

magnetometer (VSM: LDJ 9600). The magnetometer was calibrated 



routinely (i.e. after ten sample measurements) against a laboratory 

standard specimen. Finally, air filter samples were obtained from the 

sampling sites and SIRM measurements made of the filters. In order to 

find out which species is the most suitable magnetic biomonitor the 

species efficiency (ε) was calculated using the following equation:  

(ε) = SIRMt / SIRMf 

where SIRMt  is the saturation isothermal remanent magnetization of the 

collected particles in emu/g, IRMf is the saturation isothermal remanent 

magnetization of the particles collected from the ambient air by sample 

filter. 

Statistical analysis 

Data of magnetic parameters were subjected to analysis of 

variance based on the average value (n=3). Correlations between 

magnetic parameters and both particle sizes and elemental 

concentrations were investigated using Spearman' correlation 

matrix. Regression analysis was performed to investigate the 

relation between magnetic remanences and both of particle species 

and heavy metals.  

 

RESULTS AND DISCUSSION 

Morphological and chemical composition of leaf dust  

          The morphology and chemical composition of tree leaf dust were 

identified using SEM/EDX. The morphological characteristics of particles 

investigated by SEM are illustrated in Figure (1). The results showed that, 

shape of the particles were sphers, ovoid, irregular or grouped into 

aggregates. It is well that, anthropogenic sources like combustion 

produces both the spherules and aggregates (Moreno et al., 2003; Shilton 

et al., 2005; Maher et al., 2008), while abrasion/corrosion emits only the 

aggregates (Kim et al., 2007; Maher et al., 2008; Kim et al.2009). Particle 

size distribution exerted that the majority of particles ranged in size from 

approximately 2.5 µm (fine particles) to 10 µm (Table, 1). It is clear that 

these particles are fitted within the size range of urban dust, especially 

hazardous for public health (PM10). The tree species exhibited significant 

variations (P<0.01) in their particle burden, the property that has prime 

interest, espically when consider to check how representative the tree 

leaves are as air pollutant collectors.  
 



  

  

Fig. (1): Scanning electron micrographs show a) and b) magnetic particles in aggregates 

, c) magnetic particles in spherules and, d) ovoid particles less than 500nm of 

zinc (Zn) collected by different tree leaves.  

 

In terms of chemical composition, EDX analysis of particles has 

shown them to be enriched by Fe (iron oxides), Al and silicon, with varying 

concentrations of minor elements, including Mg, K, Ca, Na, Ti, V, Au and  

a b 

c d 



Zn, besides C and O2. (Table 2, Fig. 2). Some of these particles are 

most likely to be of natural origin (Al, Ca, Si, Mg, K, Na), probably as soil-

derived dust (Maher et al 2008). Abdul-Razzaq and Gautam (2001) stated 

that spher shape particles dervied from combustion of a non-volatile residue 

of vehicle exhaust materials, often composed of  a mixture of  iron oxides of 

strongly and weakly magnetic properties, like magnetite and haematite, 

respectively. Many authors (Muxworthy et al., 2002, Chen et al. 2005, 

Iordanidis et al. 2008, Lu et al 2008), considered  the significant role of Fe-

rich spherical grains as fly ash airborne particles in understanding the 

toxicological mechanism in health impact studies. In the present study, Zn 

particles recorded in a few of the analyzed particles of deposit leaf samples 

of F. nitida, and have shown to occur as  ovoid particles <0.5 µm (Fig. 1d). It 

is known that Zn particles are rubber-derived pollutants (Maher et.al. 2008). 

Vanadium (V) and  Titanium (Ti)  were  recorded in leaf deposit collected by 

plumeria alba. Vanadium steel was used for applications in axles, bicycle 

frames, crankshafts, gears, and other critical components (Moskalyk, and 

Alfantazi, 2003). Titanium as Tio2 is commonly used as white 

permanent pigment  in paints, paper (optical opacifier) ,toothpaste, 

and plasticsn (USGS, 2006)  as well as in cement industries (Smook and 

Gary 2002)  In recent years, however, titanium and its alloys have come to be 

actively used for various parts of the general mass-produced cars (Fujii et.al., 

2003), and recorded as common constituents of aerosols (Berlizov et al. 

2007). Spectrophotometric analysis by atmoic absorption indicated the 

presence of Pb and Cd in the investigated samples (Table 3). Both Bauhinia 

variegata and Poinciana regia dominated other trees in relation to Pb and 

Cd. In this concern, Keyser et al. (1978) stated that Pb and Cr from vehicle 

exhausts are preferentially associated with particle surfaces, possibly as a 

result of condensation from the vapour phase or adsorption from solution. 

Recently, in their study on the urban vegetation, El-Khatib et al., (2008) 

reported the significance of vehicular pollution by Pb and Cd in the recorded 

alterations of Sohag city atmosphere, where there is no heavy factories. 

Table (1): Concentration (Mean ± SD) of PM10 and PM2.5expressed in 

mg/kg particulate deposits collected by different tree leaves.  

Tree species PM10 PM2.5 

Ficus nitida 3.09±0.34 2.24±0.25 

Bauhinia variegata 7.05±0.78 3.01±0.33 

Thuja orientalis 1.07±0.11 0.53±0.06 

plumeria alba 3.2±0.36 1.55±0.17 

Bougainvilla glabr 11.7±1.3 3.9±0.43 

Poinciana regia 4.84±0.54 3.13±0.35 

http://en.wikipedia.org/wiki/Axle
http://en.wikipedia.org/wiki/Crankshaft
http://en.wikipedia.org/wiki/Pigment
http://en.wikipedia.org/wiki/Paint
http://en.wikipedia.org/wiki/Paper
http://en.wikipedia.org/wiki/Toothpaste
http://en.wikipedia.org/wiki/Plastics
http://en.wikipedia.org/wiki/Titanium#cite_note-USGS_Minerals-49
http://en.wikipedia.org/wiki/Cement


 

 

Table (3): Concentration (Mean ± SD) of Lead (Pb), and cdmium (Cd) 

expressed in mg/kg particulate deposits collected by different tree 

leaves.  

Tree species Pb Cd 

Ficus nitida 125.12±13.88 27.11±3.01 

Bauhinia variegata 206.7±22.94 34.81±3.86 

Thuja orientalis 46.94±5.21 12.12±1.34 

plumeria alba 82.08±9.11 19.03±2.11 

Bougainvilla glabr 150.28±16.67 18.45±2.05 

Poinciana regia 144.22±16 36.78±4.08 

 

Table (2): The atomic percentage (%) of the elements in the deposits 

collected by the leaves of the six tree species and active filter. 

Elements% Particles 

from 

filter 

Ficus 

nitida 

Bauhinia 

variegata 

Thuja 

orientalis 

plumeria 

alba 

Bougainvilla 

glabra 

Poinciana 

regia 

C 19.47 20.85 17.12 19.41 26.77 20.29 27.04 

O 46.27 50.83 51.01 52.7 39.86 51.99 42.54 

Fe 4.14 2.62 2.06 1.73 4.27 1.42 3.44 

Zn - 0.33 - - - - - 

Mg 1.72 2.22 1.35 1.1 1.57 0.62 0.97 

Al 5.64 4.81 6.42 5.37 5.11 2.02 4.39 

Si 17.41 10.75 17.9 11.81 12.11 5.78 16.45 

K 0.82 0.62 2.22 0.42 1.08 0.39 0.68 

Ca 1.77 6.96 1.69 6.82 8.5 17.49 4.48 

Na 1.04 - 0.22 0.63 - - - 

Ti - - - - 0.55 - - 

V - - - - 0.19 - - 

Au 1.57 - - - - - - 
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Isothermal remanent magnetization (IRM/SIRM) 

To express the magnetic properties of the tree leaf deposits, their 

field dependence of the magnetization at room temperature was 

investigated. The behaviour of full hysteresis loops of the magnetisation 

(under external field up to 2T), i.e. the presence of the remnant 

magnetization Mr, implies a ferromagnetic feature of the samples (Fig. 3). 

However, the relatively small coercive force and remnant magnetization 

(Table 4) as well as the unsaturated behaviour of the loops confirm the 

ultra-fine size of the magnetic particles. XRD results indicated that peaks 
o
 are corresponding to Fe3O4 (Fig. 

4). Other elements of the collected particles by trees are nonmagnetic 

species. High atomic ratios of Fe were recorded in samples collected by 

leaves (Fig. 2) of Bougainvilla glabra 1.42 % and Plumeria alba 4.27 %.  

Both IRM and SIRM show highly signifcant (P<0.01) variations 

between the diffrent studied species. The maximum values of 0.037, 0.59, 

and 0.033 and 0.57 emu/g were recorded for Bougainvilla glabra and 

Bauhinia variegata, respectively. Bougainvilla glabra showed a higher 

value of (ε) than any other tested species (Table 4). The tree leaf deposit 

samples gave rise to 2.46 folds higher magnetic values than the active 

filter (Table 4). This reflects why use of the tree leaves as air pollutant 

collectors is preferable than the industralized chemical filters. The 

recorded magnetic variations between species can be explained, when 

magnetic-mineralogical results and physical processes responsible for 

particle deposition have been considered. The valid assumption here is 

that Brownian motion (ie. sedimentation and impaction) and micro 

roughness of the epidermis imply to the main force controlling the 

particles capturing by the studies tree species. In this concern, 

microscopic investigation of the leaf surface micromorphology indicate to 

that Bougainvilla glabra leaves are more rough than other tested species 

(Fig. 5). Our assumption based on the recorded small values of  the histric 

loops (Hc) (Fig. 3), which indicate to the low critical size (less than 70 nm 

of Fe3O4) of the magnetic particles in the samples. As a result and due to 

their inertia and/or density, these particles cannot follow the air current 

and will be in contact with the leaf surface where they can sediment or 

impact in varying ration based on the surface roughness features 

(QUARG, 1996; Jamil et al., 2009; Kardel 2011). In agreement with our 

results, many authors (Jamil et al.  2009, Mitchell et al., 2010;  Kardel 

2011) reported the importance of surface roughness and Brownian motion 

in the deposition of fine particles into plant leaves. 

 



Table (4): Particle diameter as determined using XRD data dXRD, Coercive 

force Hc, isothermal remnant magnetization(IRM), saturation 

remnant magnetization (SRM) at 2 T,  Fe ratio as calculated 

from magnetic data and the ratio between the SIRM of trees 

and SIRM value of the active filter (Tree efficiency ε)  

Tree species 
dXRD 

(nm) 

Hc 

(Oe) 

IRM 

(emu/g) 

SRM 

(emu/g) 

Fe3O4 ratio 

(W %) 
ε 

active filter 39 126 0.015 0.26 0.2 1 

Ficus nitida 48 65 0.026 0.46 0.5 1.73 

Bauhinia 

variegata 
23.3 93 0.033 0.57 0.6 

2.2 

Thuja orientalis 41 93 0.021 0.41 0.4 1.7 

plumeria alba 37 62 0.024 0.43 0.47 1.4 

Bougainvilla 

glabra 
30.3 97 0.037 0.59 0.66 

2.46 

Poinciana regia 24.8 101 0.033 0.46 0.5 2.2 
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Fig. (3): The hysteretic behaviour of the loops, i.e. the presence of the remnant 

magnetization Mr in the different collected particles 
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Fig. 4: XRD patterns of the samples. The Fe3O4 peaks are denoted by grey and black 

squares. 
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  Fig. 5: The micromorphology of the adaxial ( left) and abaxial (right) surfaces of the 

different studied tree species (a) Ficus nitida, the adaxial surface is smooth 

with high relief formed by irregular waxy deposits and the abaxial is 

characterized by the  stomata protected with wax rings,  (b) Bauhinia 

variegata both the adaxial and abaxial is characterized by hairs and deep 

ridges formed by scaly ripsy cuticular arches and veins projection (c) Thuja 

orientalis is characterized by the ridges and furrows formed by epidermal cell 

lining and the  stomata protected with wax rings,  (d) plumeria alba (both the 

adaxial and abaxial are characterized by deep ridges and furrows formed by 

epidermal cell lining, cuticular arches, sunken stomata, and viens projection), 

(e) Bougainvilla glabra, both the adaxial and abaxial are characterized by 

deep ridges and furrows formed by epidermal cell lining , and (f) Poinciana 

regia both the adaxial and abaxial are characterized by deep ridges and 

furrows formed by scaly ripsy cuticular arches).  

  

(e) 

(f) 



Relationships between SIRM and PM10, PM2.5, Pb and Cd 

concentrations. 

Table (5) and Figure (6) show the correlation matrix for the 

magnetic properties (SIRM) with the concentrations of PM10, PM2.5, Pb 

and Cd in the leaf deposit of the studied trees. Except Cd, all tested 

parameters have significant correlation (p<0.01) with each other as well 

as with the recorded remanent magnetization values. This relationship 

could be due to the fact that heavy metal elements are incorporated into 

the lattice structure of the ferrimagnetics during combustion processes or 

are adsorbed onto the surface of pre-present ferrimagnetics in the 

environments. Accordingly, it is suggestive of an anthropogenic nature of 

the magnetic carrier, and indicating that magnetic particles and heavy 

metals coexist in the city dust. Coexistence of the heavy metals and 

magnetic particles was found in many case studies (Devila et al., 2006; 

Gautam et al., 2005; Hunt et al., 1984; Lu et al., 2007). Authors have also 

shown that certain heavy metals, such as Fe, Cu, Zn, and Pb, are 

preferably adsorbed on the exterior surface of fly ashes and aerosols from 

industrial emissions. 

  

Table 5: interspecific correlation matrix between the IRM, SRM, PM10, 

PM2.5, Pb, and Cd concentrations 
 IRM SRM PM10 PM2.5 Pb Cd 

IRM 

 

1 

 

  . 

 

  

SRM 

 

.869(**) 

.000 

1 

 

    

PM10 

 

.914(**) 

.000 

.933(**) 

.000 

1 

 

   

PM2.5 

 

.978(**) 

.000 

.837(**) 

.000 

.889(**) 

.000 

1 

 

  

Pb 

 

.830(**) 

.000 

.826(**) 

.000 

.682(**) 

.002 

.836(**) 

.000 

1 

 

 

Cd 

 

.524(*) 

.026 

.297 

.231 

.176 

.485 

.561(*) 

.015 

.774(**) 

.000 

1 

 

**  Correlation is significant at the 0.01 level (2-tailed). 

*  Correlation is significant at the 0.05 level (2-tailed). 

 

 



 

 
 

  
Fig. 6: Correlation between the SIRM, PM10, PM2.5, Pb, and Cd concentrations 

 

CONCLUSION 

Urban roadside tree leaves exhibit significant  enhancement in 

their values of SIRM, Fe and Pb, reflecting surface accumulation of 

particulate pollutants, as compared with tree leaves growing at a 

background. The vehicle-derived Pb and Fe appears strongly associated 

with fine magnetic particulates. The presence of correlation in between 

Fe; Pb and tree leaf magnetic values, appear easy, rapid, cheap and 

valuable as a robust proxy predictor of these toxic pollutants; offering the 

possibility of  greatly enhanced spatial resolution of pollutant data sets 

which will be a prerequisite for detailed analysis. 

 

0 2 4 6 8 10 12 14

0.015

0.020

0.025

0.030

0.035

0.040

R
2
=77.1%

IRM = 0.0189 + 0.00143 PM10

IR
M

 e
m

u
/g

PM10 % of total deposits 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0.015

0.020

0.025

0.030

0.035

0.040

R
2
=90.6%

IRM= 0.0148 + 0.00478 PM2.5

IR
M

 e
m

u
/g

PM2.5 % of total deposits

50 100 150 200 250

0.015

0.020

0.025

0.030

0.035

0.040

R
2
=68.4%

IRM = 0.0150 + 0.000090 Pb

IR
M

 e
m

u
/g

Pb mg/kg deposits

10 15 20 25 30 35 40 45

0.015

0.020

0.025

0.030

0.035

0.040

R
2
=31.7%

IRM = 0.0177 + 0.000345 Cd

IR
M

 e
m

u
/g

Cd mg/kg deposits



REFERENCES. 

Abdul-Razzaq, W., Gautam, M., 2001. Discovery of magnetite in the exhausted 

material from a diesel engine. Applied Physics Letters 78, 2018–2019. 

Berlizov, A.N., Blum , O.B., Filby, R.H., Malyuk, I.A. and Tryshyn , V.V. 2007. 

Testing applicability of black poplar (Populus nigra L.) bark to heavy 

metal air pollution monitoring in urban and industrial regions. Sci. Total 

Environ. 372, 693-706. 

Chen, Y., Shah, N., Huggins, F.E., Huffman, G.P., Dozier, A., 2005. 

Characterization of ultrafine coal fly ash particles by energy filtered 

TEM. Journal of Microscopy 217, 225–234. 

Chow, J. C., Watson, J. G. and Lowenthal, D. H. 1996. Sources and chemistry of 

PM10 aerosol in Santa Barbara County. CA. Atmospheric environment. 

30, 1489-1499. 

Devila, A.F., Rey, D., Mohamed, K., Rubio, B., Guerra, A.P., 2006. Mapping 

the sources of urban dust in a coastal environment by measuring 

magnetic parameters of Platanus hispanic leaves. Environmental Science 

& Technology 40, 3922–3928. 

Donaldson, K., Li, X.Y., MacNee, W., 1998. Ultrafine (nanometre) particle 

mediated lung injury. Journal of Aerosol Science 29, 553–560. 

El-Khatib, A. A., Al-Sayed, K. N. and Naglaa, Y., 2008. Dust particulate air 

pollutants and the structural features of urban vegetation. 4 the  Inter. 

Conf. Develop. Environ. King Saud Univ. KSA. 

El-Khatib, A. A., Manal, F. and Ibrahim, O. M. M., 2007.  Removal of airborne 

particulate pollutants by leaves of urban trees under dry climate of 

Upper Egypt, an Emphasis on the metalloid leaf deposits. Inter. Conf. 

Environ. Protec. Pollut. (18-20), March. Qassim Univ.  KSA. 

El-khatib A. A. and  Elswaf N., 2001. Physiotoxicity of air particulate Pollutants 

(Dust) on the urban trees BULL.FAC.SCI.,ASSIUT UNIV.                     

30 (2-D), 183-193. 

EPA, 2001. U.S. Environmental Protection Agency, Air Quality Criteria for 

Particulate Matter, vol. 1. Washington, DC:U.S. EPA Office of Research 

and Development. EPA/600/P- 65/001aF.  

Eriksson, G., Jensen, S., Kylin, H., Strachan, W., 1989. The pine needle as a 

monitor of atmospheric pollution. Nature 341, 42–44. 

Freer-Smith, P. H., Holloway, S. and Goodman, A. 1997. The uptake of 

particulates by an urban woodland: Site description and particulate 

composition. Environmental Pollution 95, 27–35. 

Fujii H; Takahashi K.; Yamashita Y., 2003, Application of Titanium and Its 

Alloys for Automobile Parts   No.  88 July 2003, UDC 295, 629 - 669. 

Gautam, P., Blaha, U., Appel, E., 2005. Magnetic susceptibility of dustloaded 

leaves as a proxy of traffic-related heavy metal pollution in Kathmandu 

city, Nepal. Atmospheric Environment 39, 2201–2211. 



Harrison, R.M., Yin, J.X., 2000. Particulate matter in the atmosphere: which 

particle properties are important for its effects on health? The Science of 

the Total Environment 249, 85–101. 

Hunt, A., Jones, J., Oldfield, F., 1984. Magnetic measurements and heavy metals 

in atmospheric particulates of anthropogenic origin. The Science of the 

Total Environment 33, 129–139. 

Iordanidis, A.J., Buckman, A.G., Triantafyllou, A.A., 2008. Fly ash-airborne 

particles from Ptolemais-Kozani area, northern Greece, as determined by 

ESEM–EDX. International Journal of Coal Geology 73, 63–73. 

Jamil S., Abhilash P.C., Singh A., Singh N., Hari M. B. 2009. Fly ash trapping 

and metal accumulating capacity of plants: Implication for green belt 

around thermal power plants. Landscape and Urban Planning 92,136–147. 

Jordanova, N.V., Jordanova, D.V., Veneva, L., Yorova, K., Petrovsky, E., 2003. 

Magnetic response of soils and vegetation to heavy metal pollution case 

study. Environmental Science & Technology 37, 4417–4424. 

Kardel F., Wuyts K., Maher B.A., Hansard R., Samson R., 2011. Leaf saturation 

isothermal remanent magnetization (SIRM) as a proxy for particulate 

matter monitoring: Inter-species differences and in-season variation 

Atmospheric Environment 45, 5164-5171. 

Keyser, T.R., Natusch, D.F.S., Evans, C.A., Linton, R.W., 1978. Characterizing 

the surfaces of environmental particles. Environmental Science and 

Technology 12, 768-773. 

Kim Y, Suh HS, Cha HJ Kim SH, Jeong KS, Kim DH. 2009. A case of 

generalized argyria after ingestion of colloidal silver solution. Am J 

Indust Med 52, 246–250.  

Kim, W., Doh, S.J., Park, Y.H., Yun, S.T., 2007. Two-year magnetic monitoring 

in conjunction with geochemical and electron microscopic data of roadside 

dust in Seoul, Korea. Atmospheric Environment 41, 7627–7641. 

Klärschlammverordnung 1982. Abflkaer V, vom 25.6.1982 Bundesgesetzblatt, teilI. 

Lee, K.W., Ramamurthi, M., 1993. Filter collection. In: Willeke, K., Baron, P.A. 

(Eds.), Aerosol Measurement: Principles, Techniques and Applications. 

Van Nostrand Reinhold, New York. 

Lippmann, M., Hering, S.V., 1989. Sampling aerosols by "ltration. In: Hering, 

S.V. (Ed.), Air Sampling Instruments. American Conference of 

Governmental Industrial Hygienists, Cincinnati, OH. 

Lu , S.G., Zheng, Y.W., Bai S.Q.,  2008.  HRTEM/EDX approach to 

identification of the source of dust particles on urban tree leaves. 

Atmospheric Environment 42, 6431–6441. 

Lu, S.G., Bai, S.Q., Xue, Q.F., 2007. Magnetic properties as indicators of heavy 

metals pollution in urban topsoils: a case study from the city of 

Luoyang, China. Geophysical Journal International 171, 568– 580. 

Maher, B. A., Moore, C. & Matzka, J., 2008. Spatial variation in vehicle-derived 

metal pollution identified by magnetic and elemental analysis of 

roadside tree leaves. Atmospheric environment 43, 2095–2103. 



Matzka, J., Maher, B.A., 1999. Magnetic biomonitoring of roadside tree leaves, 

identification of spatial and temporal variations in vehiclederived 

particulates. Atmospheric Environment 33, 4565–4569. 

Mitchell, R., Maher, B.A., Kinnersley, R., 2010. Rates of particulate pollution 

deposition onto leaf surfaces: temporal and inter-species magnetic 

analyses. Environmental Pollution 158, 1472:1478. 

Moskalyk, R. R.; Alfantazi, A. M., 2003. "Processing of vanadium: a 

review". Minerals Engineering 16 (9), 793. 

Moreno, E., Sagnotti, L., Dinare`s-Turell, J., Winkler, A., & Cascella, A. , 2003. 

Biomonitoring of traffic air pollution in Rome using magnetic properties 

of tree leaves. Atmospheric Environment 37, 2967–2977. 

Muxworthy, A.R., Schmidbauer, E., Petersen, N., 2002. Magnetic properties and 

Mossbauer spectra of urban atmospheric particulate matter: a case study 

from Munich, Germany. Geophysical Journal International 150, 558–570. 

QUARG  (Quality of Urban Air Review Group), 1996. Airborne particle matter 

in the United Kingdom. third report, UK. 

Samet, J.M., Francesca, D., Curriero, F.C., Coursac, I., Zeger, L.S., 2000. Fine 

particulate air pollution and mortality in 20 US cities, 1987–1994. New 

England Journal of Medicine 343, 1742–1749. 

Schadlich, G., Weissflog, L., Schuurmann, G., 1995. Magnetic susceptibility in 

conifer needles as indicator of fly ash deposition. Fresenius 

Environmental Bulletin 4, 7–12. 

Shilton, V. F., Booth, C. A., Smith, J. P., Giess, P., Mitchell, D. J., & Williams, 

C. D., 2005. Magnetic properties of urban street dust and their 

relationship with organic matter content in the West Midlands, UK. 

Atmospheric Environment, 39, 3651–3659. 

Smook, Gary A. , 2002. Handbook for Pulp & Paper Technologists (3rd edition). 

Angus Wilde Publications. p. 223.ISBN 0-9694628-5-9. 

Urbat, M., Lehndorff, E., Schwark, L., 2004. Biomonitoring of air quality inthe 

Cologne conurbation using pine needles as a passive sampler-Part I: 

magnetic properties. Atmospheric Environment 38, 3781–3792. 

USGS (United States Geological Survey ,2006). "USGS Minerals Information: 

Titanium". Retrieved 2006-12-29. 

Zhao, P.S., Feng, Y.C., Zhu, T., Wu, J.H., 2006. Characterizations of 

resuspended dust in six cities of North China. Atmospheric Environment 

40, 5807–5814. 

_______________ 

 

 

 

http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-9694628-5-9
http://en.wikipedia.org/wiki/United_States_Geological_Survey
http://minerals.usgs.gov/minerals/pubs/commodity/titanium/
http://minerals.usgs.gov/minerals/pubs/commodity/titanium/


جزيئبت الغببر ل الرصذ الحيوى لتلوث الهواء ببستخذام الصفبت الوغنبطيسية

 بصعيذ هصر شجبر الونبطق الحضريةعلي أالوترسبة 

 

هحوذ الشيخ عور  - عبذ الرحون هحوود عبذ الرحون  - أحوذ علي الخطيب
 

 

 جبهعة سوهبج -كلية العلوم –قسن النببت 

 

 

 

نهخحمك يٍ يالءيخٓا  انًُاعك انحضشيت حى اسخخذاو سخت إَٔاع يٍ أشجاس

نشطذ يهٕثاث انٕٓاء انغباسيت يٍ خالل دساست انخظائض انًغُاعيسيت نهحبيباث 

انًخشسبت ػهٗ أسالٓا. ٔنمذ أظٓشث َخائج انًسح اإلنكخشَٔٗ بإسخخذاو 

أٌ انحبيباث انًخشسبت  X 001111انًيكشٔسكٕب اإلنكخشَٔٗ انًاسح حخٗ حكبيش

انذليمت انٕالؼت يٍ ضًٍ األحجاو انًًيضة نهًُاعك انحضشيت غُيت بانحبيباث 

ييكشٔييخش( فٗ  5.2ٔ 01)انحبيباث انجٕيت انؼانمت راث اَظاف الغاس الم يٍ 

حجًؼاث أ راث اشكال كشٔيت ٔبيضيت. كًا اظٓشث َخائج انخحهيم انكيًيائٗ 

زنك األنٕيُيٕو بإسخخذاو اشؼت إكس اٌ انحبيباث انًخشسبت غُيت بانحذيذ ٔأكاسيذِ ٔك

غُسيٕو أانسهيكٌٕ ٔانكشبٌٕ ٔاألكسجيٍ بإالضافت انٗ حشكيضاث يخفأحّ يٍ انً

ٔانكانسيٕو ٔانظٕديٕو ٔانخيخاَيٕو ٔانفُاديٕو ٔانفضت ٔانضَك كًا اظٓشث َخائج 

انخحهيم انكيًيائٗ باسخخذاو جٓاص االيخظاص انزسٖ احخٕاء انحبيباث ػهٗ 

ٔلذ حى دساست انخظائض انًغُاعيسيت ادييٕو. حشكيضاث ػانيت يٍ انشطاص ٔانك

يخًثهت فٗ دساست شذة انًغُغت االيضٔحشاسيت ٔ كزنك شذة انخًغُظ انذائًت نهحبيباث 

انًخشسبت ػهٗ أساق األشجاس ٔكزنك نهحبيباث انخٗ حى حجًيؼٓا بإسخخذاو فالحش 

سيت ييكاَيكيت يظُؼت. ٔنمذ اظٓشث انُخائج اٌ يخٕسظ ليى انخظائض انًغُاعي

يشة لذس يثيالحٓا نهحبيباث  0..5نهحبيباث انًخشسبت ػهٗ أساق األشجاس أػهٗ 

انخٗ حى حجًيؼٓا بإسخخذاو انفالحش انًيكاَيكيت انًظُؼت. ٔبإسخثُاء انكادييٕو فمذ 

اظٓشث انخظائض انًغُاعيسيت اسحباط لٕٖ بيُٓا ٔبيٍ انًهٕثاث انغباسيت 

يٍ َفس انًظادس انبششيت أ انغيش  ٔيحخٕاْا يٍ انشطاص يظٓشًة آَا َاحجت

اخخالفاث يؼُٕيت نهخظائض انًغُاعيسيت  أيضاعبيؼيت. ٔلذ اظٓشث انُخائج 

نهحبيباث انًخشسبت ػهٗ األشجاس انًخخهفت ٔكاَج اػهٗ انميى انًسجهت نهحبيباث 

انًخشسبت ػهٗ أٔساق اشجاس انجًُٓيت ٔخف انجًم ٔلذ سجهج انجًُٓيت اػهٗ لذسة 

بيباث انًغُاعيسيت يماسَت بانفالحش انًيكاَيكيت انًظُؼت يًا يششحٓا ػهٗ جًغ انح

 ألغشاع انشطذ انحيٕٖ انًغُاعيسٗ. 
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