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Determination of Air Pollution with Some Heavy Metals
in Industrial Zones in Aleppo Using TSP

I. Determination of Lead pollutants in Acid Batteries and Liquid Gases in
Aleppo-Syrian company Using TSP and Chemical Trap Methods

An environmental and biological monitoring of a lead acid battery manufacturing unit was
carried out to measure the respirable particulate matter, lead content in working atmosphere and
blood lead levels of workers employed in different sections. The results showed that the high
mean air lead concentration in buffing, plate cutting and pasting sections were at 1444.45,

430.14 and 277.48 ug/m3 respectively. The mean blood lead levels of employees in these sections
were also higher than the values prescribed by ACGIH.

Lead is toxic element and an environmental and occupational pollutant. The primary
routes of lead exposure are ingestion and inhalation and adults are primarily exposed to it
through their occupation through inhalation.

Lead, titanium and zinc in air particulate at Dhahran, Saudi Arabia, during and after Kuwait
oil fires were determined . The 1991 Gulf Crisis had the potential to enhance atmospheric metal
concentrations and this study was designed to investigate this probability. Total suspended (TSP)
and inhalable (PM10) particulate were collected and analyzed in order to determine lead, titanium
and zinc using an inductively coupled argon plasma analyzer (ICAP). Significant (P < 0.0l) daily
variations were found for lead, titanium and zinc concentrations (expressed as ng /m°) in air
particulate. Concentrations of lead in suspended TSP samples were higher than in the inhalable
fraction (PM10). The maximum mean concentration of lead was found in TSP samples collected
during June 1991, which gradually decreased through December 1991, and spiked again during
June 1992. A yearly mean of 282 + 144 ng of lead in one m® of air was calculated from the data of
inhalation particulate collected in Dhahran. Lead poisoning is a chronic problem and automobile
emissions may constitute a significant source of lead in air particulate in the Gulf region.

TSP, PM10, and PM2.5 were collected in three retirement facilities in the urban area of Vienna.
In addition, particulate matter and soil, vegetation, and isopods were collected in the adjacent
garden areas. The sampled materials were wet ashed and total lead and cadmium contents were
determined. Lead and cadmium were analyzed by graphite furnace AAS. Particulate matter was
dominated by PM2.5, in respect to both mass concentrations and to heavy metal contents. The
indoor aerosol was found to be influenced by human activity, indoor sources, and outdoor particles.

Some metallic elements in ambient air particulates were determined in Taichung Airport
(Taiwan), Hong Kong, Los Angeles, southeast China, Athens (Greece) and Oxford.

This work is focused on the environmental and biological monitoring of lead in a lead acid
battery and liquid gases in Aleppo-Syria company using total suspended particulates (TSP) of
aerodynamics particle sizes larger 0.3 um and chemical trap (CT).. Lead content in working
atmosphere with TSP and CT, and blood lead levels of workers employed in different sections were
measured by atomic absorption spectroscopy.

Material and methods
Sections of manufacturing unit
Samples were taken from different sections in a lead acid battery and liquid gases in Aleppo-
Syria company: oxide mill, assembly & cleaning, grit casting, melting furnace and administration
for determination lead pollutants, See Fig.1 .
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Fig.1. Syrian Lead Acid Battery and Liquid Gases in Aleppo-Syria Company.

Apparatus

A high flow air sampler TSP ( HVAS, Instrument NO. AS-16 , USA ) was used to collect
samples for 8 working hours in every section of plant using a glass filter Whatman EPM 2000
High-Volume 1882-866. A another samples were collected in chemical trap (CT), See Fig.2, by
bubbling working atmosphere in solution content 5 M of HNO3; and H,0O, concentrations for 2
hours ( sample flow 2 L/min ) using air sampler ( Handy sampler, HS-7, Kimoto Electric CO.,LTD.,

Japan).
|

- Flow Adj.

P
i

Vent

O Pump

Chemical
Trap (CT)

Buffer Buffer
Fig.2 . Air sampler for Chemical Trap (CT)

Atomic absorption spectrometer (AAS) used for analysis was manufactured by Shimadzu type
AA-6601 equipped with lamps type HCL particular of analysis studied elements and corrected for
background reference BGC-D2K with flame (Air-C,H,). The analytical used line of Pb were at
217.0 nm. A furnace (300 + 1°C) from Ecocell was used for drying samples.

Samples preparation

Samples were collected using the TSP, dried at 105°C, followed by crushing in a porcelain
mortar, then dried again, and mixed once again and kept in polyethylene packages for next
procedures. A 0.5 g of the previous sample was treated with 20 ml solution content 5 M of HNO3
and H,O, concentrations. The mixture was boiled on an electric heater for 30 minutes then filtrated
and transferred into volumetric flask volume of 25 mL and the final volume was completed to 25
mL using distilled water.

2



EXPERIMENTAL

A study comprising environmental and biological monitoring was undertaken in the lead
acid battery and liquid gases company situated near Aleppo city, north Syria, to ascertain the
concentration of lead pollutants in various sections using TSP and CT. The enterprise had
approximately 254 workers. The different investigated sections were the oxide mill, assembly &
cleaning, smelting furnace, grid casting, pasting, maintenance - service and administration sections.

Environmental Study

Total Suspended Particulates (TSP) Monitoring: The TSP was sampled in the different
sections investigated on continuously all through the course of work and rest operations during
the entire shift (a period of 8 h work). The particulate collecting used media was Whatman
glass filters ( EPM 2000 High-Volume 1882-866 ) with a pore size of 0.3 microns.

Air-Lead Estimation: The lead content in the TSP samples was subjected to wet mixture
digestion (20 ml solution content at 5 M of HNO3 and H,O, concentrations) on a slow heating hot
plate. The digested matter was filtered, made up to 25 ml using quartz double distilled water. The
final analysis for lead estimation was performed by flame AAS.

In this study concentration of lead were measured in various sections of lead acid battery and
liquid gases in Aleppo-Syria company. The aim of this study was to determine the amount of lead in
the various sections which contribute of the most significant source of pollution using both TSP and
CT methods. The results showed that, the air in department of the Oxide Mill has highest
concentration of lead. The amounts were at 2365 pg/m® and 4787 pg/m® using TSP using Chemical
Trap, respectively. The measurements of pollutions with lead in administration area were less and
observed at 21.3 and 28.1 pg/m® using TSP and Chemical Trap, respectively. The second pollution
section was Assembly & cleaning unit where lead concentration was at 1012 pg/m® and 2052 pg/m?
using TSP and Chemical Trap, respectively. Lead content in working atmosphere with TSP and CT,
and blood lead levels of workers employed in different sections were measured by atomic
absorption spectroscopy. The results showed that, high mean air lead concentration in all sections of
the factory, more than the recommended maximum by National Ambient Air Quality Standards
(NAAQS) .

The smelting furnaces had high chimneys; they rise up 6 to 10 meters and during working
hours, the furnace chimney emitting black or white smoke sometimes without pass to any
pretreatment plant, leading to lead vapors emission and can be distributed far away depending on
wind direction. Wind speed plays a role significant in the transfer of lead vapor to the long distances
and different directions and sites.

The measurement of lead pollution concentration increase with the direction of the wind from
west to east more than the other directions, but still less than the area of the oxide mill and the
assembly & cleaning hall; because the samples were taken at a height about 1.5 meters taking into
concentration that the bulk of the lead fumes occur at the highest and above 1.5 meters. It should be
mentioned here that, the lead contents in oxide mill and assembly & cleaning units were done
indoor and the operated system can capture more fine particles leading to high lead concentration.
Finally it should be pointed, that he amount of lead using a TSP was less than Chemical Trap, due
to particulate filter used in TSP is more than 0.3 micrometers only, but the Chemical Trap is
collecting all the particles from the different diameters, fumes of lead and all lead compounds.

Biological Monitoring
Blood samples were taken from the workers through the analysis by medical specialists in
Central Laboratory in Aleppo, Syrian Clinical Laboratory Association. The amount of lead in the
blood content was estimated by the flame atomic absorption spectroscopy.



Results and Discussion

Environmental Monitoring

In the present study, personal monitoring of the TSP and CT were carried out in the working
environment in different sections of the factory. The total particulate (TP) and air lead in
working atmosphere noted in the different sections are presented in Tables 1 and 2.
Oxide Mill Sections: The mean TSP and air lead concentration were at 2945 and 2365 pg/m?
respectively, (Lead in total particulate was at 80.3%). The amount of TSP and air lead in the
oxide mill was high when compared to other sections of the factory. The total mean air lead
pollutants using Chemical Trap (CT) was at 4787 pg/m®.
Assembly & cleaning Section: In the assembly& cleaning(Cleaning by compressed air) area, the
mean TSP and air lead level were at 2867 and 1012 pg/m3 respectively, (Lead in total particulate
was at 35.3%). The total mean air lead pollutants using Chemical Trap (CT) was at 2052 pg/m?.
Smelting Furnace Section: In the smelting furnace, the mean TSP and air lead level were at 2419

and 850 pg/m3 respectively, (Lead in total particulate was at 38.5%). The total mean air lead
pollutants using Chemical Trap (CT) was at 2210 ng/m®.

Pasting Section: In this section the mean TSP and air lead level were at 1298 and 511 pg/m3
respectively, (Lead in total particulate was 34.4%). The total mean air lead pollutants using
Chemical Trap (CT) was at 618 pg/m®.

Grid Casting Section: In the grid casting area a low level of average TSP and air lead
concentration were at 1021 and 357 pg/m3 respectively, (Lead in total particulate was at 35.0%);
which indicates that the nature of the particulates were not rich in lead. The total mean air
lead pollutants using Chemical Trap (CT) was at 793 ng/m°.

Administration Section: In this section, which was considered as the control section, the mean
TSP and air lead concentration were at 260 and 21.3 pg/m3 respectively, (Lead in total particulate
was at 8.2%). The total mean air lead pollutants using Chemical Trap (CT) was at 28.1 pg/m’.

Table 1. Respirable particulate concentration and air lead levels at different sections using TSP.

Total Particulate (TP), ug/m® Air lead, pg/m? %Lead in total particulate

Section Mean Mean* Mean
Oxide Mill 2945 2365 80.3
Assembly & cleaning 2867 1012 35.3
Smelting furnace 2419 753 31.1
Pasting 1298 511 34.4
Grid casting 1021 357 35.0
Administration 260 21.3 8.2

" Average of five determinations.

Table 2. Respirable particulate concentration and air lead levels at different sections using
Chemical Trap (CT).

Total air lead, pg/m? % TSP lead in Total air lead

Section Mean” Mean”
Oxide Mill 4787 494
Assembly & cleaning 2052 49.3
Smelting furnace 2210 34.1
Pasting 618 82.7
Grid casting 793 45.0
Administration 28.1 75.8

" Average of five determinations.



Biological Monitoring

Blood Lead Estimation: The direct measurement of the lead level in the whole blood is a
widely used and reliable method of detecting and diagnosing lead poisoning. The American
Conference of Governmental Industrial Hygienists (ACGIH) has listed the Biological Exposure
Index for blood lead as 30 ug/dL°. The mean blood lead levels of employees according to the
different sections are arranged in decreasing levels and presented in Table 3.

Table 3. Mean blood lead levels (ug/dL) of employees according to different sections and number
of employees showing above 30 pg/dL of Pb- blood according to section.

Section number Of The amount of lead | The amount of lead in
employees in the blood, pg/dL the blood Percentage (%)
Mean(Range) No>30ug/dL

Smelting Furnace 11 39.3 10 90.9
(28.5-51.4)

Grid casting 29 50.1 9 31.0
(39.8-61.9)

Pasting 13 45.1 12 92.3
(29.7-51.3)

Oxide Mill 8 44.9 5 62.5
(39.2-47.7)

Assembly & 35 38.6 19 54.3
cleaning (22.8-94.0)

Charging 13 37.9 7 53.8
(22.4-41.8)

maintenance - 75 28.2 12 16.0
service (22.1-52.9)

Administration 35 24.9 5 14.3
(20.5-34.8)

Table 3 shows that, the percentage of employees’ mean blood lead level >30 ug/dL was as
the follwing: 92.3%, 90.9%, 62.5%, 54.3%, 53.8%, 31.0%, 16.0% and 14.3% in pasting,
smelting furnace, oxide mill, assembly & cleaning, charging, grid casting, maintenance — service
and administration respectively. The study conducted by Krishnamurthy et al. in 1988 at a
similar factory showed that the blood lead levels in the workers engaged in the oxide mill,
assembly, casting and formation sections were 56.56, 60.95, 59.28, 64.89 ug/dL respectively. In
the study® the blood lead levels in the plate buffing, plate cutting, assembly, pasting, grid casting,
oxide mill, formation, maintenance and administration sections were 38.0, 34.9, 32.9, 29.8, 28.17,
29.73, 27.10, 25.31 and 17.77 pg/dL respectively. Among the plate buffing workers, 88.23% of
employees had blood lead levels of more than 30 ug/dL. In the cutting and assembly sections
57.14% and 53.57% workers, respectively, showed values higher than the prescribed blood lead
levels. In the oxide mill and formation sections this percentage was at 33.33%.



II. Determination of Aluminum, Copper and Lead pollutants in Aleppo
Company for Cable Industry -Syria Using TSP, PMy, and Chemical Trap
Methods

Total suspended particulate (TSP), copper, lead and aluminum concentrations in the workplace
by the Occupational Safety and Health Administration (OSHA) must be lower than (5000 pg/m?®,
1000 pg/m®, 50 pg/m* and 1000 pg/m?).

Some metallic elements in ambient air particulates were determined in Taichung Airport
(Taiwan), Hong Kong, Los Angeles, southeast China, Athens (Greece) and Oxford.

This work is focused on the environmental of air aluminum, copper and lead in a Aleppo
company for cable industry -Syria using total suspended particulates (TSP), inhaled particulates
(PMyp) of aerodynamics particle sizes larger 0.3 um and chemical trap (CT). Aluminum, copper and
lead contents in working atmosphere with TSP, PMyo and CT in different sections were measured by
atomic absorption spectroscopy.

EXPERIMENTAL

A study comprising environmental was undertaken in the Aleppo company for cable
industry -Syria, to ascertain the concentration of AL, Cu and Pb pollutants in various sections using
TSP, PMy and CT. The different investigated sections were the Al drawing, Cu drawing, Al
stranding, Cu stranding, Packing and administration sections.

A high flow air sampler TSP ( HVAS, Instrument NO. AS-16 , USA ) and TE-6070 high
volume MFC PM-10 MFC monitor reference method (TISCH Environmental, INC. 145 MIAMI
AVE USA) were used to collect samples for 8 working hours in every section of plant using a glass
filter Whatman EPM 2000 High-Volume 1882-866 and Micro-Quartz filter media 8" x 10" for TSP
and PMjo respectively. A another samples were collected in chemical trap (CT), by bubbling
working atmosphere in solution content 5 M of HNO3; and H,O, concentrations for 2 hours
( sample flow 2 L/min ) using air sampler ( Handy sampler, HS-7, Kimoto Electric CO.,LTD.,
Japan).

Atomic absorption spectrometer (AAS) used for analysis was manufactured by Shimadzu type

AA-6601 equipped with lamps type HCL particular of analysis studied elements and corrected for
background reference BGC-D2K with flame (Air-C,H,) for determination of Cu and Pb, and (N,O-
C,H,) for determination of Al, and with graphite furnace. The analytical used line of Al , Cu and
Pb were at 309.27, 324.75 and 217.0 nm respectively. A furnace (300 + 1°C) from Ecocell was used
for drying samples.
Samples preparation: Samples were taken from different sections in a Aleppo company for cable
industry -Syria: Al drawing, Cu drawing, Al stranding, Cu stranding, Packing and administration
(located on the western side of the company's near factory of lead acid batteries and liquid gases)
for determination Al, Cu, Cd and Pb pollutants.

Samples were collected using the TSP and PMyy, dried at 105°C, followed by crushing in a
porcelain mortar, then dried again, and mixed once again and kept in polyethylene packages for
next procedures. A 0.5 g of the previous sample was treated with 20 ml solution content 5 M of
HNO3; and H,O, concentrations. The mixture was boiled on an electric heater for 30 minutes then
filtrated and transferred into volumetric flask volume of 25 mL and the final volume was
completed to 25 mL using distilled water.

Environmental Study

Total Suspended Particulates (TSP) Monitoring: The TSP were sampled in the different
sections investigated on continuously all through the course of work and rest operations during
the entire shift (a period of 8 h work). The particulate collecting used media was filters with
a pore size of 0.3 um.



Inhaled Particulates PMjo: The inhaled particulates were measured using PMj, sampler.
Inhaled dust is a new term used to describe dust that is hazardous when deposited anywhere in
the respiratory track including the nose, mouth and lungs. Researchers generally recognize that
these particulates <10 um and >0.3 um may cause significant adverse effects.

Air-Aluminum, Copper and Lead Estimation: The aluminum, copper and lead contents in
the TSP and PMj, samples were subjected to wet mixture digestion (20 ml solution contentat 5 M
of HNO3; and H,0, concentrations) on a slow heating hot plate. The digested matter was filtered,
made up to 25 ml using quartz double distilled water. The final analysis for aluminum, copper
and lead estimation were performed by flame and graphite furnace AAS.

In this study concentrations of aluminum, copper and lead were measured in various sections
of Aleppo company for cable industry -Syria. The aim of this study was to determine the amount of
aluminum, copper and lead in the various sections which contribute of the most significant source
of pollution using TSP, PMy and CT methods. Air lead can leak from the Lead acid batteries and
liquid gases plant adjacent to this factory from the western side.

RESULTS AND DISCUSSION

Environmental Monitoring: In the present study, personal monitoring of the TSP, PMypand CT
were carried out in the working environment in different sections of the factory, when the wind
direction from west to east. The TSP, PMy, and air aluminum, copper and lead in working
atmosphere noted in the different sections are presented in Tables 4- 5.

Aluminum drawing: The mean TSP and PM;, were at 805.8 and 298.0 ug/m® respectively, and air
aluminum, copper and lead concentrations were at 84.0 and 7.0 pg/m*; 10.4 and 0.74 ug/m®; 28.3
and 12.9 pg/m® using TSP and PMy, respectively, (Aluminum, copper and lead in TSP and PMyg
were at 10.42 and 2.36%; 1.29 and 0.25%; 3.51 and 4.33% respectively). The total mean air
aluminum, copper and lead pollutants using Chemical Trap (CT) were at 94.2, 11.2 and
72.3 pg/m?® respectively.

Copper drawing : The mean TSP and PMy,were at 1128.3 and 290.3 plg/m3 respectively, and air
aluminum, copper and lead levels were at 35.9 and 3.10 pg/m3; 221.0 and 16.8 pg/m3; 27.4 and

12.0 pg/m3 using TSP and PM; respectively, (Aluminum, copper and lead in TSP and PMj, were
at 3.18 and 1.07%; 19.6 and 5.79%; 2.43 and 4.14% respectively). The total mean air aluminum,
copper and lead pollutants using Chemical Trap (CT) were at 39.6, 238.5 and 71.9 ug/m?
respectively.

Aluminum stranding: In the aluminum stranding, the mean TSP and PMj, were at 819.6 and 320.4

pg/m3 respectively, and air aluminum, copper and lead levels were at 58.1 and 5.0 ug/m3; 8.5 and

0.56 pg/m3; 24.8 and 11.1 pg/m3 respectively, (Aluminum, copper and lead in TSP and PM;o were
at 7.09 and 1.55%; 1.04 and 0.17%; 3.02 and 3.46% respectively). The total mean air aluminum,
copper and lead pollutants using Chemical Trap (CT) were at 64.4, 9.1 and 68.3 ug/m’
respectively.

Copper stranding: In this section the mean TSP and PMjo were at 1103.4 and 312.1 pg/m3
respectively, and air aluminum, copper and lead levels were at 20.7 and 1.8 ug/m3; 78.2and 5.8



Table 4. Rrespirable particulate concentration and air copper levels at different sections using tsp
and PMy, (wind direction from west to east).

TSP, PMy, Airelementin | Airelementin | %Eleme | %Element

Section ug/m* | upg/m® | Element | TSP, ug/m® | PMy, ug/m® | ntin TSP | in PMy,
Mean* Mean* Mean* Mean* Mean* Mean*
Al drawing 805.8 298.0 Al 84.0 7.0 10.42 2.36
Cu 104 0.74 1.29 0.25
Pb 28.3 12.9 351 4.33
Cu drawing 1128.3 290.3 Al 35.9 3.1 3.18 1.07
Cu 221.0 16.8 19.6 5.79
Pb 27.4 12.0 2.43 4.14
Al stranding 819.6 320.4 Al 58.1 50 7.09 1.55
Cu 85 0.56 1.04 0.17
Pb 24.8 111 3.02 3.46
Cu stranding 1103.4 312.1 Al 20.7 1.80 1.88 0.58
Cu 78.2 5.8 7.09 1.87
Pb 26.1 11.8 2.36 3.77
Packing 1003.9 350.2 Al 56.6 4.6 5.64 1.31
Cu 5.4 0.36 0.54 0.12
Pb 4.6 2.7 0.456 0.77

Administration 818.7 264.5 Al 2.7 0.23 0.326 0.087
Cu 3.8 0.27 0.46 0.10

Pb 77.5 32.6 9.47 12.33

“Average of five measurements.

Table 5. Air copper levels in respirable particulate at different sections using chemical trap ( CT ),
(wind direction from west to east).

Total air element, | % TSP element in % PMj, element in
Section Element ng/m® total air element total air element

Mean Mean Mean
Al drawing Al 94.2 89.2 7.45
Cu 11.2 92.9 6.61
Pb 72.3 39.1 17.84
Cu drawing Al 39.6 90.6 7.83
Cu 238.5 92.7 7.05
Pb 71.9 38.1 16.72
Al stranding Al 64.4 90.2 7.70
Cu 9.1 93.4 6.15
Pb 68.3 36.3 16.19
Cu stranding Al 23.1 89.6 7.79
Cu 84.0 93.1 6.94
Pb 71.2 36.6 16.50
Packing Al 62.7 90.3 7.29
Cu 5.8 93.1 6.21
Pb 16.5 27.8 16.36
Administration Al 3.0 88.4 7.62
Cu 4.1 92.7 6.59
Pb 152.0 51.0 21.46

“Average of five measurements.




ug/m3; 26.1 and 11.8 ug/m3 respectively, (Aluminum, copper and lead in TSP and PMy, were at
1.88 and 0.58%; 7.09 and 1.87%; 2.36 and 3.77% respectively). The total mean air aluminum,
copper and lead pollutants using Chemical Trap (CT) were at 23.1, 84.0 and 71.2 ug/m?
respectively.

Packing Section: In the packing section area the TSP and PM;, were at 1003.9 and 350.2 pg/m3
respectively, and air aluminum, copper and lead concentrations were at 56.6 and 4.57 ug/m?’; 5.4
and 0.36 pg/m3 ;4.6 and 2.7 pg/m3 respectively, (Aluminum, copper and lead in TSP and PMjg
were at 5.64 and 1.31%; 0.54 and 0.12%; 0.456 and 0.77% respectively)., The total mean air

aluminum, copper and lead pollutants using Chemical Trap (CT) were at 62.7, 5.8 and 16.5 pug/m?
respectively.

Administration Section: In this section, which was considered as the control section, the mean
TSP and PMy were at 818.7 and 264.5 ug/m3 respectively, and air aluminum, copper and lead
concentrations were at 2.7 and 0.23 ug/m3, 3.8 and 0.27 pg/m3; 77.5 and 32.6 pg/m3 respectively,
(Aluminum, copper and lead in TSP and PM, were at 0.326 and 0.087%; 0.46 and 0.10%; 9.47
and 12.23% respectively). The total mean air aluminum, copper and lead pollutants using
Chemical Trap (CT) were at 3.02, 4.10 and 152.0 pg/m® respectively.

This study showed that, very large lead levels despite the fact that this plant does not produce lead,;
due to the fact that, Lead acid batteries and liquid gases plant adjacent to this factory from the
western side, the wind direction often from west to east. The pollutants transported by the wind up;
therefore waited for the opportunity east winds to determine the proportions of the contaminants in
different parts of the plant, Tables 6-7.

Aluminum drawing: The mean TSP and PMyowere at 814.4 and 258.3 ug/m® respectively, and air
aluminum, copper and lead concentrations were at 85.2 and 6.55 ug/m>; 10.9 and 0.79 pg/m?; 0.39
and 0.18 pg/m? respectively, (Aluminum, copper and lead in TSP and PMy, were at 10.46 and
2.54%; 1.34 and 0.31%; 0.048 and 0.070% respectively). The total mean air aluminum,

copper and lead pollutants using Chemical Trap (CT) were at 93.6, 11.6 and 0.42 ug/m’
respectively.

Copper drawing : The mean TSP and PMj,were at 1130.2 and 256.0 pg/m3 respectively, and air
aluminum, copper and lead levels were at 36.0 and 3.20 pg/m3; 228.7 and 16.8 pg/m3; 0.44 and

0.20 pg/m3 respectively, (Aluminum, copper and lead in TSP and PMj, were at 3.19 and 1.25%;
20.24 and 6.58%; 0.039 and 0.078% respectively). The total mean air aluminum, copper and lead
pollutants using Chemical Trap (CT) were at 39.3, 242.0 and 0.47 ng/m° respectively.

Aluminum stranding: In the aluminum stranding, the mean TSP and PM;,were at 819.5 and 304.0
pg/m3 respectively, and air aluminum, copper and lead levels were at 58.1 and 5.35 pg/m3; 9.51

and 0.81 ug/m3; 0.40 and 0.22 pg/m3 respectively, (Aluminum, copper and lead in TSP and PMyg
were at 7.09 and 1.76%; 1.16 and 0.27%; 0.050 and 0.072% respectively). The total mean air
aluminum, copper and lead pollutants using Chemical Trap (CT) were at 63.5, 10.1 and
0.43 ng/m® respectively.



Table 6. Respirable particulate concentration and air copper levels at different sections using tsp
and PM, (wind direction from west to east).

Air Air %Element | %Element
Section TSP, ug/m PMy,, Element elementin | elementin in TSP in PMy,
s ng/m® TSP, PMy, Mean” Mean”
Mean" Mean" pg/m® pg/m®
Mean* Mean*
Al drawing 814.4 258.3 Al 85.2 6.55 10.46 2.54
Cu 10.9 0.79 1.34 0.31
Pb 0.39 0.18 0.048 0.070
Cu drawing 1130.2 256.0 Al 36.0 3.20 3.19 1.25
Cu 228.7 16.8 20.24 6.58
Pb 0.44 0.20 0.039 0.078
Al stranding 819.5 304.0 Al 58.1 5.35 7.09 1.76
Cu 9.5 0.81 1.16 0.27
Pb 0.40 0.22 0.050 0.072
Cu stranding 1100.1 314.6 Al 21.6 2.20 1.96 0.70
Cu 78.2 6.26 7.09 1.99
Pb 0.43 0.21 0.039 0.067
Packing 986.3 286.2 Al 55.2 4.29 5.60 1.50
Cu 5.1 0.37 0.52 0.13
Pb 0.21 0.17 0.021 0.059
Administration 995.2 294.5 Al 16.2 1.71 1.63 0.58
Cu 7.3 0.68 0.73 0.23
Pb 0.46 0.27 0.046 0.092

“Average of five measurements.

Table 7. Air copper levels in respirable particulate at different sections using chemical trap ( CT ),
(wind direction from west to east).

) Total air element, | % TSP element in % PMy, element in
Section Element pg/m® total air element total air element

Mean” Mean” Mean”
Al drawing Al 93.6 91.0 7.00
Cu 11.6 93.8 6.81

Pb 0.42 92.9 42.86
Cu drawing Al 39.3 91.7 8.14
Cu 242.0 94.5 6.96

Pb 0.47 93.6 42.55
Al stranding Al 63.5 91.5 8.43
Cu 10.1 94.1 8.02

Pb 0.43 93.0 51.16
Cu stranding Al 235 92.1 9.36
Cu 82.5 94.8 7.59

Pb 0.46 935 45.65
Packing Al 60.7 90.9 7.07
Cu 55 93.0 6.73

Pb 0.28 75.0 60.71
Administration Al 18.0 90.2 9.5
Cu 7.8 93.3 8.72

Pb 0.49 93.9 55.10

"Average of five measurements.
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Copper stranding: In this section the mean TSP and PMj, were at 1100.1 and 314.6 pg/m3
respectively, and air aluminum, copper and lead levels were at 21.6 and 2.20 ug/m3; 78.2 and 6.26

pg/m3; 0.43 and 0.21 pg/m3 respectively, (Aluminum, copper and lead in TSP and PMjo were at
1.96 and 0.70%; 7.09 and 1.99%; 0.039 and 0.067% respectively). The total mean air aluminum,
copper and lead pollutants using Chemical Trap (CT) were at 23.5, 82.5 and 0.46 ug/m’
respectively.

Packing Section: In the packing section area the TSP and PMj, were at 986.3 and 286.2 ug/m3
respectively, and air aluminum, copper and lead concentrations were at 55.2 and 4.29 pg/m3; 51

and 0.37 pg/m3; 0.21 and 0.17 ug/m3 respectively, (Aluminum, copper and lead in TSP and PMyg
were at 5.60 and 1.50%; 0.52 and 0.13%; 0.021 and 0.059% respectively)., The total mean air
aluminum, copper and lead pollutants using Chemical Trap (CT) were at 60.7, 5.5 and
0.28 pg/m? respectively.

Administration Section: In this section, which was considered as the control section, the mean
TSP and PMj were at 995.2 and 294.5 ug/m3 respectively, and air aluminum, copper and lead

concentrations were at 16.2 and 1.71 pg/m3; 7.3 and 0.68 ug/m3; 0.46 and 0.27 ug/m3 respectively,
(Aluminum, copper and lead in TSP and PM, were at 1.63 and 0.58%; 0.73 and 0.23%; 0.046 and
0.092% respectively). The total mean air aluminum, copper and lead pollutants using Chemical
Trap (CT) were at 18.0, 7.8 and 0.49 pg/m? respectively.

I11. Elemental Analysis of TSP and PMy, in the Ambient Air of Aleppo City-
Syria

Atmospheric particulate pollution has imposed a great burden on the terrestrial environment
on a regional scale and even in a global context. Epidemiological studies have indicated that
elevated concentrations of fine-particulate matter are associated with increased mortality and
morbidity, especially in children and elderly people. Heavy metals are non-degradable, and can
accumulate in the human body system, causing damage to a person’s nervous system and internal
organs. They also act as confounding factors of cardiovascular diseases, reproductive impairments
and cancer. Metals in the ambient air can catalyze the oxidative stress in the body cells, eliciting
inflammatory injuries in the airway and lungs. The inhalation of airborne trace metals can therefore
have a long-term and serious impact on human health.

The arithmetic average for the concentration of some heavy metals together with the arithmetic
average TSP or PMj in many cities in the world were determined, among them the following:
Seoul-Korea, Rio de Janeiro-Brazil, Hong Kong, Tokyo- Japan, , Ho Chi Minh city- Vietnam,
Taichung- Taiwan, Biejing- China, Baghdad- Iraqg, Niteroi- Brazil, Kanazawa- Japan, Los Angeles-
USAand Athena- Greece.

Environmental and biological monitoring of lead in acid batteries and liquid gases in Aleppo-
Syrian company using total suspended particulates (TSP) of aerodynamics particle sizes larger 0.3
um and chemical trap (CT) for total lead in air were studied. The results showed that, high mean of
lead concentration in air in all different sections of the factory were more than the recommended
maximum by National Ambient Air Quality Standards (NAAQS). Determination of Al, Cu and Pb
in Aleppo Company for cable industry -Syria using TSP and PM;, of aerodynamics particle sizes
larger 0.3 um and chemical trap (CT) were studied. The results showed that, the values of TSP,
PMjo, Al and Cu in working atmosphere much lower than the guideline values specified by the
Occupational Safety and Health Administration (OSHA), while high levels of lead were more than
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the recommended maximum by (OSHA); due to the fact that Lead acid batteries and liquid gases
plant adjacent to this factory from the western side, and the wind direction often from west to east.

Aleppo is a city in northern Syria, the first industrial Syrian city. Because of the rapid
population growth has interfered the residential areas with industrial zones, which were located on
the outskirts of the city. The studied industrial-residential sites in Aleppo city are as follows:
Sheikh-Said: Industrial residential site is located about 6 kilometers from the city center on the
north and it is contenting: grand cement factory and several non-formal centers for mining of lead
and acid batteries. Hullok: Industrial residential site is located about 5 kilometers from the city to
the north-east of the city, and it is contenting: many textile industries, laundries, dye houses,
workshops apparel, many workshops for machinery, engines and cars maintenance, painting of cars
and various spare parts. Shkaeif: Industrial residential site is located about 7 kilometers from the
city center on the north of the city, accommodates a variety of industries as laundries, dye houses,
workshops apparel and too many workshops for machinery, engines and cars maintenance, painting
of cars and various spare parts. Kafr-Hamra: Industrial residential site is located about 8 kilometers
from the city center on the north-west is contenting: many textile industries, laundries, dye houses,
malls and oils factory. The studied residential sites in Aleppo city are as follows: Aleppo
University: The university camps and student residential site is located about 4 kilometers from the
city center on the west of the city containing a variety of faculties and institutes. Almuthaf
(Museum): Residential and commercial area in general is located at the center of the city, a
crowded and traffic jam. Muhafaza: Residential site is located at 3 kilometers from the city center
on the west of the city with a busy traffic.

An investigation was carried out of air pollution in some sites of Aleppo at 2000 with the
framework of the project of Integrated Pollution Control in Aleppo, where is financed by the
European Union (EU), monitored by the United Nations Development Program (UNDP) and
implemented by the Aleppo Directorate of the Environment in Governorate of Aleppo. It was found
that, the hourly concentrations of NOy, SO, and TSP were higher than the WHO permissible limits
by up to 3-10 times .

EXPERIMENTAL

In the present measurements study of TSP and PMy, of aerodynamics particle sizes larger
0.3 um, and metal composition (Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) in industrial-residential sites
and residential sites only in Aleppo city-Syria were carried out. All elements were determined using
atomic absorption spectroscopy. The different investigated sites were Sheikh-Said, Hullok, Shkaeif,
Kafr-Hamra (industrial-residential sites), Aleppo University, Almuthaf and Almuhafaza (residential
sites only). A high flow TSP air sampler system ( HVAS, Instrument NO. AS-16 , USA ) and TE-
6070 high volume MFC PM-10 MFC monitor reference method (TISCH Environmental, INC. 145
MIAMI AVE USA) were used to collect samples for 24 hours using a glass filter Whatman EPM
2000 High-Volume 1882-866 and Micro-Quartz filter media 8" x 10" for TSP and PMy,
respectively.

Atomic absorption spectrometer (AAS) used for analysis was manufactured by Shimadzu type
AA-6601 equipped with lamps type HCL particular of analysis studied elements and corrected for
background reference BGC-D2K with flame (Air-C,H,). The analytical used line of Pb, Cd, Cu,
Co, Cr, Ni, Fe, Mn and Zn were at 217.0, 228.8, 324.75, 240.73, 357.87, 232.0, 248.33, 279.48 and
213.86 nm respectively.

Samples preparation: Samples were taken from different mentioned sites in Aleppo city-Syria for

determination of TSP, PMy,, Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn pollutants. Samples were

collected using the TSP and PMy, dried at 105°C, followed by crushing in a porcelain mortar, then

dried again, and mixed once again and kept in polyethylene packages for next procedures. A 0.5 g

of the previous sample was treated with 20 ml solution content 5 M of HNO3; and H,0,
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concentrations. The mixture was boiled on an electric heater for 30 minutes then filtrated and
transferred into volumetric flask volume of 25 mL and the final volume was completed to 25 mL
using distilled water.

Environmental Study

Total Suspended Particulates (TSP) Monitoring: The TSP samples were collected continuously
in the different sites of Aleppo city through the autumn 2008, spring and summer 2009. The
particulate collected using filters with a pore size of 0.3 um.

Inhaled Particulates PMo: The inhaled particulates were measured using PMjo sampler in the
different sites of Aleppo city. Inhaled dust is a new term used to describe dust that is hazardous
when they deposited anywhere in the respiratory track including the nose, mouth and lungs.
Researchers generally recognize that these particulates <10 pum and >0.3 um may cause
significant adverse effects.

Air-elements (Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) Estimation: The Pb, Cd, Cu, Co, Cr,
Ni, Fe, Mn and Zn contents in the TSP and PMj, samples were subjected to wet mixture
digestion (20 ml solution content at 5 M of HNO3; and H,O, concentrations) on a slow heating hot
plate. The digested matter was filtered, made up to 25 ml using quartz double distilled water. The
final analysis for Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn estimation were performed by flame
AAS.

RESULTS AND DISCUSSION

Environmental Monitoring: In the present study, personal monitoring of the TSP, PMj, were
carried out in different sites of Aleppo city. The TSP, PM3, and air elements (Pb, Cd, Cu, Co, Cr,
Ni, Fe, Mn and Zn) in studied atmosphere noted in the different sites are presented in Tables 8- 11.

Sheikh-Said: The mean TSP and PMy, were at 477 and 274 pg/m? respectively, and air elements
(Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 901 and 580; 4.16 and 2.11; 490 and
226; 0.24 and 0.11; 94 and 43; 0.49 and 0.30; 1771 and 1256; 206 and 135; 576 and 398 ng/m® using
TSP and PMy, respectively, Tables 8,10. The sequence for heavy metal concentrations in ambient air
were Fe>Pb>Zn>Cu>Mn>Cr>Cd>Ni>Co. The concentration of heavy metals Pb, Cd, Cu, Co, Cr, Ni,
Fe, Mn and Zn relative to the TSP and PM;o were at 0.19 and 0.21%; 0.0009 and 0.0008%; 0.10
and 0.08%; 0.00005 and 0.00004%; 0.020 and 0.016%; 0.00010 and 0.00011%; 0.37 and 0.46%;
0.043 and 0.049%; 0.12 and 0.145% respectively. This site contains the highest quantity of Pb and
Cd.

Hullok: The mean TSP and PMyo were at 745 and 439 pg/m® respectively, and air elements (Pb,
Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 457 and 293; 1.29 and 0.66; 290 and 142;
0.88 and 0.43; 73 and 40; 1.71 and 1.10; 2065 and 1345; 235 and 155; 740 and 510 ng/m® using TSP
and PM, respectively, Tables 8,10. The sequence for heavy metal concentrations in ambient air were
Fe>Zn>Pb>Mn>Cu>Cr>Ni>Cd>Co. The concentration of heavy metals Pb, Cd,

Table 8. Particulate element concentration in atmosphere of industrial and residential sites for
Aleppo city at autumn 2008, spring and summer 2009 using total suspended particulate (TSP).
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. . TSP, Mean concentration, ng.m”

Site Time | ygm® [ Pb [ cd [ Cu | Co | Cr | Ni | Fe [ Mn [ Zn
Sheikh- autumn 520 952 4.60 564 0.28 97 0.43 1807 214 640
Said spring 298 640 3.14 312 0.14 83 0.39 1116 179 431
summer 612 1112 4,73 594 0.30 102 0.64 2391 224 657

Hullok autumn 795 497 1.37 228 0.88 74 1.73 2215 247 765
spring 630 308 0.97 196 0.85 68 1.52 1586 201 640

summer 810 567 1.52 445 0.91 78 1.87 2393 256 815

Shkaeif autumn 899 876 2.97 1720 1.80 191 1.27 3001 259 988
spring 693 631 2.07 1645 1.62 182 1.13 2917 218 894
summer 961 986 3.04 1837 1.94 203 1.29 3028 270 1039

Kafr- autumn 486 402 1.07 410 0.52 214 0.32 3887 200 486
Hamra spring 256 297 0.98 324 0.41 199 0.28 2766 182 370
summer 585 416 1.20 418 0.54 223 0.37 4604 211 552

“Average of five measurements.

Table 9. Particulate element concentration in atmosphere of residential sites for Aleppo city at
autumn 2008, spring and summer 2009 using total suspended particulate (TSP).

Site Time TSP;; Mean ‘concentration, ng.m>
Hg.m Pb Cd Cu Co Cr Ni Fe Mn Zn
Aleppo autumn 122 110 | 0.86 187 0.23 27 0.18 897 18 203
University spring 73 94 | 0.60 | 102 | 019 | 23 | 0.14 | 689 16 184
(Student housing) summer | 154 | 116 | 0.92 | 210 | 0.28 | 31 | 0.19 | 964 | 20 | 210
Almuthaf autumn 161 254 1.28 213 0.34 48 0.34 | 1187 68 510
(Museum) spring | 140 | 204 | 1.07 | 190 | 028 | 43 | 025 | 1043 | 61 435
summer 241 263 1.37 262 0.36 51 0.41 1249 76 545
Almuhafaza autumn 164 115 0.91 160 0.16 30 0.08 472 25 97
spring 146 98 0.68 145 0.12 26 0.06 412 22 86
summer 172 128 0.97 162 0.18 34 0.10 498 28 103

“Average of five measurements.

Table 10. Particulate element concentration in atmosphere of industrial - residential sites for
Aleppo city at autumn 2008, spring and summer 2009 using PMp.

Site Time PMlo*s, Mean ‘concentration, ng.m
Hg.m Pb Cd Cu Co Cr Ni Fe Mn Zn
Sheikh- autumn 280 609 | 238 | 226 | 0.11 42 028 | 1265 | 142 | 442
Said spring 204 397 | 150 | 158 | 0.08 38 024 | 780 113 295
summer 339 734 | 246 | 295 | 0.14 48 039 | 1722 | 149 | 456
Hullok autumn 470 318 | 076 | 124 | 0.42 41 1.12 | 1440 | 165 | 523
spring 368 195 | 042 | 100 | 0.40 33 097 | 1026 | 130 | 438
summer 480 365 | 079 | 203 | 0.46 45 1.22 | 1568 | 170 | 568
Shkaeif autumn 549 631 | 210 | 890 | 0.75 74 0.84 | 1802 | 153 | 670
spring 418 450 | 142 | 851 | 0.60 68 071 | 1740 | 120 | 602
summer 585 714 | 226 | 963 | 0.79 78 0.86 | 1811 | 161 710
Kafr- autumn 238 278 | 068 | 203 | 022 | 113 | 021 | 2136 | 125 | 323
Hamra spring 123 201 | 041 | 160 | 017 | 101 | 017 | 1505 | 118 | 240
summer 246 286 | 073 | 210 | 023 | 120 | 0.25 | 2538 | 141 367

“Average of five measurements.
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Table 11. Particulate element concentration in atmosphere of residential sites for Aleppo city at
autumnal 2008, spring and summer 2009 using PMo.

Site Time | PMyo Mean"concentration, ng.m™
m?
H Pb | cd | cu | co | ¢ | Ni | Fe | Mn | zn
Aleppo autumn | 49 87 | 046 | 94 | 009 | 12 | 012 | 501 | 96 | 135
University spring | 37 73 | 031 | 53 | 008 | 10 | 009 | 380 | 84 | 120

(Student housing)
summer 54 94 0.48 108 0.10 14 0.14 527 10.9 139

Almuthaf autumn 72 210 | 0.68 112 0.14 22 0.23 660 36 338

(Museum) spring | 63 | 161 | 054 | 93 | 010 | 18 | 014 | 570 | 31 | 285

summer | 110 213 | 0.72 134 0.15 23 0.27 688 39 360

Almuhafaza autumnl 68 93 0.48 84 0.07 14 0.05 252 13 65

spring 61 81 0.35 70 0.05 12 0.04 220 11 55

summer 72 105 | 0.52 86 0.07 16 0.07 270 15 68

“Average of five measurements.

Cu, Co, Cr, Ni, Fe, Mn and Zn relative to the TSP and PM;o were at 0.061 and 0.068%; 0.00017
and 0.00015%; 0.039 and 0.032%; 0.00012 and 0.000098%; 0.0098 and 0.0091%; 0.0144 and
0.023%; 0.28 and 0.31%; 0.032 and 0.035%; 0.099 and 0.12%, respectively. This site contains the
highest quantity of Ni and Mn.

Shkaeif: The mean TSP and PM;q were at 851 and 517 pg/m? respectively, and air elements (Pb,
Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 831 and 598; 2.7 and 1.93; 1734 and 901,
1.79 and 0.713; 192 and 73; 1.23 and 0.80; 2982 and 1784; 249 and 145; 974 and 661 ng/m® using
TSP and PMy, respectively, Tables 8,10. The sequence for heavy metal concentrations in ambient air
were Fe>Zn>Cu>Pb>Mn>Cr>Cd>Co>Ni. The concentration of heavy metals Pb, Cd, Cu, Co, Cr, Ni,
Fe, Mn and Zn relative to the TSP and PM;o were at 0.098 and 0.12%; 0.00032 and 0.00037%; 0.20
and 0.17%; 0.00021 and 0.00014%; 0.023 and 0.014%; 0.00014 and 0.00015%; 0.35 and 0.35%;
0.029 and 0.028%; 0.11 and 0.13%, respectively. This region are characterized by large quantities
of various studied heavy metals, and contains the highest amount of TSP, MPyy, Cu, Zn, Mn and
Co.

Kafr-Hamra: The mean TSP and PMy were at 442 and 202 ug/m® respectively, and air elements
(Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 372 and 255; 1.08 and 0.61; 384 and
191; 0.49 and 0.21; 212 and 111; 0.32 and 0.21; 3752 and 2060; 198 and 128; 469 and 310 ng/m®
using TSP and PMj, respectively, Tables 8,10. The sequence for heavy metal concentrations in
ambient air were Fe>Zn>Cu>Pb>Cr>Mn>Cd>Co>Ni. The concentration of heavy metals Pb, Cd, Cu,
Co, Cr, Ni, Fe, Mn and Zn relative to the TSP and PM;o were at 0.084 and 0.13%; 0.00024 and
0.00030%; 0.086 and 0.095%; 0.00011 and 0.00010%; 0.048 and 0.055%; 0.000072 and 0.00010%;
0.084 and 1.02%; 0.045 and 0.063%; 0.106 and 0.153%, respectively. This site contains the highest
quantity of Fe and Cr.
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Aleppo University: The mean TSP and PMy, were at 116 and 47 pg/m® respectively, and air
elements (Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 107 and 85; 0.79 and 0.42;
166 and 85; 0.23 and 0.09; 27 and 12; 0.17 and 0.116; 850 and 469; 18 and 9.6; 199 and 131 ng/m®
using TSP and PMyq respectively, Tables 9,11. The sequence for heavy metal concentrations in
ambient air were Fe>Zn>Cu>Pb>Cr>Mn>Cd>Co>Ni. The concentration of heavy metals Pb, Cd, Cu,
Co, Cr, Ni, Fe, Mn and Zn relative to the TSP and PM;, were at 0.092 and 0.18%; 0.00068 and
0.00089%; 0.14 and 0.18%; 0.00020 and 0.00019%; 0.023 and 0.026%; 0.00015 and 0.00025%;
0.73 and 1.00; 0.016 and 0.020%; 0.17 and 0.28%, respectively.

Almuthaf: The mean TSP and PMyo were at 181 and 82 ug/m® respectively, and air elements (Pb,
Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 240 and 195; 1.24 and 0.65; 222 and 113;
0.33 and 0.13; 47 and 21; 0.33 and 0.21; 1160 and 639; 68 and 35; 497 and 328 ng/m? using TSP and
PMsg respectively, Tables 9,11. The sequence for heavy metal concentrations in ambient air were
Fe>Zn>Pb>Cu>Mn>Cr>Cd>Ni>Co. The concentration of heavy metals Pb, Cd, Cu, Co, Cr, Ni, Fe,
Mn and Zn relative to the TSP and PM3o were at 0.13 and 0.24%; 0.00069 and 0.00079%; 0.12 and
0.14%; 0.00018 and 0.00016%; 0.026 and 0.026%; 0.00018 and 0.00026%; 0.64 and 0.78%; 0.038
and 0.043%; 0.27 and 0.40%, respectively.

Almuhafaza: The mean TSP and PMyo were at 161 and 67 pg/m® respectively, and air elements
(Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn) concentrations were at 114 and 93; 0.85 and 0.45; 155 and
80; 0.15 and 0.06; 30 and 14; 0.08 and 0.05; 461 and 247; 25 and 13; 95 and 63 ng/m® using TSP and
PMsg respectively, Tables 9,11. The sequence for heavy metal concentrations in ambient air were
Fe>Cu>Pb>Zn>Cr>Mn>Cd>Co>Ni. The concentration of heavy metals Pb, Cd, Cu, Co, Cr, Ni, Fe,
Mn and Zn relative to the TSP and PMj, were at 0.071 and 0.139%; 0.00053 and 0.00067%; 0.096
and 0.119%; 0.000093 and 0.000090%; 0.019 and 0.021%; 0.000050 and 0.000075%; 0.29 and
0.37%; 0.016 and 0.019%; 0.059 and 0.094%, respectively.

The results showed that, the values of TSP, PMyg, Pb, Ni and Mn in industrial-residential sites
atmosphere were more than the recommended maximum by World Health Organization (WHO),
while the value levels of TSP, PMyo and all metals in residential sites only were lower than the
guideline values specified by WHO, Fig. 3-4. Particulate element concentrations in ambient air of
industrial-residential sites and residential sites only in Aleppo city at autumn 2008 to summer 2009
using total suspended particulate (TSP) have been determined, Fig.3.

The arithmetic average for the concentration of all metals together with the arithmetic
average TSP and PMjo in all studied sites of Aleppo are listed in Tables 8-11. Results
determination of TSP, PMy and elements Pb, Cd, Cu, Co, Cr, Ni, Fe, Mn and Zn in Aleppo city
and other cities are listed in Table 5 for comparison. It is to be noticed from Table 12 that the
average concentration of TSP, Pb, Cu, Cr, Mn and Zn in industrial-residential sites of Aleppo city
are higher than they are in other cities. With the exception of Baghdad, it is more polluted by Pb,
Cd, Cu and Fe, and Rio de Janeiro by Co, Cr,Fe Mn and Zn.

It might be interesting to compare the level of metal in ambient air of Aleppo city (Caieppo.)
with level it in ambient air of other cities (Ceiry) using the relationship:

Rm= CAIeppo./ Ccity
The Calculated results of Ry, are listed in Table 13. This table shows that ambient air
pollution by Pb, Cu, Cr, Mn and Zn in industrial-residential sites of Aleppo city more than most

other cities, while in the residential sites (where there is no industrial plants) the pollution levels of
studied metals are less or similar to levels in other international cities.
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Table 12. The mean value of tsp and metals concentrations in atmosphere for aleppo city and
other cities.

City TSP7, Mean concentration, ng.m™

ug.m® | Pb Cd Cu Co Cr Ni Fe Mn Zn
Sytir, Aleppo® 629 640 | 231 | 724 | 0.85 | 143 | 0.94 | 2643 222 690
Syria, Aleppo” 153 154 | 096 | 181 | 0.24 35 0.19 823 37 264
Korea, Seoul - 77 3.10 | 208 - 15.0 | 19.0 2397 79.7 -
Brazil, Rio de Janeiro 87 101 0.9 385 11 421 0.5 38903 | 1216 | 2120
Hong Kong - 57 161 | 70.8 - 15.3 - 1480 48.3 | 298
Japan, Tokyo - 125 - 30 - 6.1 - - - 299
Vietnam, Ho Chi Minh city - 146 - 1.82 - 8.6 - - - 203
Taiwan, Taichung - 574 8.5 199 - 29 - - - 395
China, Biejing - 430 6.8 110 - 19 - - - 770
Iraq, Baghdad 463 1910 14 752 - 100 - 8270 285 328
Brazil, Niteroi 179 71 1.86 - - - - 3490 51 342
Japan, Kanazawa 1.39 5.7 0.45 18 2.2 - - 869 35 1386
USA, Los Angeles - 14 - 52 - 4.9 9.2 - - 84
Greece, Athena 134 376 0.6 91 - 48 45 1276 - 484

® Industrial and residential sites, ® Residential sites only.

Table 13. Ratio of the mean value of TSP and metal concentrations between Aleppo city and other
cities.

Ratio TSP Pb Cd Cu Co Cr Ni Fe Mn Zn
IAleppo?/ Seoul - 831 | 0.75 | 3.48 - 9.53 | 0.05 1.10 2.79 -

Aleppob/ Seoul - 200 | 0.31 | 0.87 - 233 | 0.01 0.34 0.46 -

IAleppo?/ Rio de Janeiro 7.23 6.33 | 257 | 1.88 | 0.77 | 0.34 | 1.88 0.07 0.18 | 0.33
Aleppob/ Rio de Janeiro 1.76 152 | 1.07 | 047 | 0.22 | 0.08 | 0.38 0.02 0.03 | 0.12
IAleppo?/Hong Kong - 11.23 | 1.43 | 10.20 - 9.35 - 1.78 460 | 231
IAleppo®/Hong Kong - 270 | 0.60 | 2.55 - 2.29 - 0.56 0.77 | 0.82
IAleppo?/Tokyo - 1.23 - 24.13 - 23.44| - - - 2.31
Aleppo® Tokyo - 5.12 - 6.03 - 574 | - - - 0.88
IAleppo?/Ho Chi Minh - 1.05 - 398 - 16.63 | - - - 3.40
IAleppo® Ho Chi Minh - 4.38 - 99.4 - | 407 | - - - 1.30
IAleppo?/Taichung - 0.27 | 0.27 | 3.64 - 4.93 - - - 1.75
IAleppo® Taichung - 111 | 011 | 0.91 - 121 | - - - 0.67
Aleppo?/Biejing - 0.36 | 0.34 | 6.58 - 7.53 - - - 0.90
Aleppo”/ Biejing - 1.49 | 0.14 | 1.64 - 1.84 | - - - 0.34
Aleppo®/ Baghdad 136 | 0.34 | 0.17 | 0.96 - 1.43 - 0.32 078 | 2.10
IAleppo”/ Baghdad 0.33 | 0.08 | 0.07 | 0.24 - 0.35 - 0.10 0.13 | 0.80
Aleppo®/Niteroi (Brazil) 351 | 9.01 | 1.24 - - - - 0.76 435 | 2.02
Aleppo®/Niteroi (Brazil) 085 | 2.17 | 0.52 - - - - 023 | 073 | 0.77
IAleppo®/Kanazawa 452 | 1123 | 5.13 | 40.22 | 0.39 - - 3.04 6.34 | 0.50
IAleppo°/Kanazawa 110 | 27.02 | 2.13 | 10.06 | 0.11 - - 0.95 1.06 | 0.19
IAleppo®/Los Angeles - 45.7 - 13.92 - 29.18 | 0.10 - - 8.21
IAleppo®/Los Angeles - 11.00 - 3.48 - 7.14 | 0.02 - - 3.14
IAleppo?/Athena 4.69 170 | 3.85 | 7.96 - 2.98 | 0.02 2.07 - 1.43
IAleppo®/ Athena 114 | 041 | 16 | 1.99 - 0.73 | 0.004 | 0.64 - 0.54

? Industrial and residential sites, ® Residential sites only.
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V. Study of Air Pollution by Heavy Metals in Aleppo City During April and
May of 2009, Using Environmental Observation Stations

Study of air pollution by heavy metals (Pb, Cd, Cu, Cr, Ni, Fe, Mn and Zn), in five
environmental observation stations in Aleppo City during April and May of 2009, was done by
using atomic absorption spectroscopy. The average concentrations of the above mentioned heavy
metals during April and May 2009 were 126 to 1085 and 124 to 1265; 0.50 to 4.6 and 0.72 to 4.4;
24 t0 1480 and 31 to 1502; 15 to 218 and 14 to 208; 0.11 to 0.94 and 0.18 to 0.98; 1064 to 4512 and
1054 to 5422; 37 to 290 and 45 to 314; 39 to 1060 and 51 to 1174 ng/m® for Pb, Cd, Cu, Cr, Ni, Fe,
Mn and Zn respectively in different environmental observation stations using TSP, see Tables 14-
15. The results showed that, the value levels of Pb ('in stations N° 1 and 2 ), Fe( in station N° 2),
Ni (in stations N° 1 and 2) and Mn (in stations N° 1, 2 and 3 ) in atmosphere were more than the
recommended maximum by World Health Organization (WHO), while the value levels of all other
metals in all stations were lower than the guideline values specified by WHO.

Table 14. The average concentrations of the d heavy metals during April 2009 in Aleppo city.

N° of Mean concentration*, ng.m?
; Data

Ctation Pb Cd Cu Cr Ni Fe Mn Zn
16/4 1085 3.6 518 92 0.49 2256 218 812

1 23/4 975 4.2 494 98 0.39 2110 198 680

o 1030 3.9 506 95 0.44 2183 203 746
16/4 856 38 1480 210 0.94 4512 290 1060

2 23/4 784 4.6 1360 218 0.86 4012 278 984
o 820 4.2 1420 214 0.90 4262 284 1027

16/4 495 3.6 386 36 0.28 1613 182 362

3 23/4 435 3.0 364 32 0.24 1589 164 304

o 465 33 375 34 0.26 1601 173 333

16/4 164 0.82 32 17 0.15 1078 45 41

4 23/4 126 0.50 24 15 0.11 1064 37 39

o 145 0.66 28 16 0.13 1071 41 40

16/4 436 4.3 51 40 0.24 1101 49 438

5 23/4 428 37 43 32 0.20 1083 47 334

o 432 4.0 47 36 0.22 1093 48 386

Limit 500 5 100000 | 1100 0.38 3720 150 | 5 mg/m’
WHO | WHO | WHO | WHO | WHO TP WHO | "
* Average of five measurements.
Table 15. The average concentrations of the d heavy metals during May 2009 in Aleppo city.
N° of Mean concentration*, ng.m
Ctation Data ;

Pb Cd Cu Cr Ni Fe Mn Zn

1/5 1221 4.0 502 107 0.48 2774 194 702

1 13/5 1265 4.4 518 113 0.42 2804 232 886

m 1241 4.2 512 110 0.45 2789 213 794

1/5 1073 4.3 1400 208 0.92 4518 270 992
2 13/5 1107 3.9 1502 196 0.98 5422 314 1174

m 1090 4.1 1451 202 0.95 4970 292 1083

1/5 443 3.2 361 32 0.25 1734 172 291

3 13/5 467 3.8 397 28 0.29 1998 204 409

m 455 35 379 30 0.27 1866 188 350

4 1/5 124 0.72 31 14 0.18 1132 45 51
1/5 465 3.8 49 24 0.26 1054 46 348

5 13/5 471 4.4 61 20 0.24 1410 58 472

m 468 4.1 55 22 0.25 1232 52 410

Limit 500 5 10° 1100 0.38 3720 150 |5 mg/m®

WHO WHO | WHO | WHO | WHO TP WHO | WHO

* Average of five measurements
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sdadiall
o)l dahaie oo 3Hle (A5 Abaall dauy B iy ddle ddiay 4y jlad dlS ddhie
Al S je s
458U a )
el Led aagns o all okl e diaddl S e (e oS 3 an o o8 Al dilai

SIs

o LS ¢ pum 0.3 e ST s U il 5) PM g 5 TSP st o A pall 038 b
@bl & llds (Pb ,Cd ,Cu ,Cr ,Co Ni ,Fe ,Mn ,Zn) led A&l oabaall paas
aex aadaiy s e (Al — dpelia) Al Claaadll 5 ) glaall A liall
ek iy g M) abeaie¥) Canday Jalaill Sleay caglll A Alaatull Auiseall ualial) o34
- duelicn hlie) Akl §yen S ol Gl szl A BhU) Ll
Slen Al @l (i Al 3hlie ) Cantall — Alladl — ila daslas (Rl
OS5 cggjhl\ oebaia¥) cahy st Glea pladiul g i) caal Jsdal) L_.;Lc TSP
:Julidll te ZnsMns Fes Nis Cr 5 Co 5 Cu s Cd 5 Pb J aadivd) 3a gl J 5k
213.86 ,279.48 , 248.33, 232.0 , 357.87 , 240.73 , 324.75 , 228.8 , 217.0
nm

TSP sl maat Jal (e s L (e Ailide Gl o ilisal) Cinea

Zns Mns Fes Nis Cr 5 Co 5 Cu 5 Cd 5 Pb :Adull dyaedl palially PM g
(e paldill 4y gia 105° daall 2ie cliall Gt PMp Jleas TSP ) Jlea plasiuly
Lsie 105° Aol die 40 3 e s o Ca3AN e sl aladduly Cuisdag 4y gl )l
Cialse 5 0.5 gr leie 281 Jadall cpli Vsl B8 e (ST (8 Camia g5 Taa a g
oozl A SM S5 ( HNO; + HyOs) e osin g e e 20ml s 5
o Al li g i il 3 5 Aol Ciuad aal edany yaiuedl) @y jatl ae Gl S Ailan
3L i hiall el anal) JuST s e 25 da ana (550

s i) A Al
I s Aiaa 8 Adliag (3halie (e PM o 5 TSP 4l dalaall cilasual) aaa
S 253l TSP A Jlea aladinly 2009 Canas ans 2008 s A ailiie
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2 PM b plasindy lisinU ALl Clapall aladiudy s ¢ 0.3 pm abse Gl dala
LaS 4 yral o 5 (o0l 3 LTI ALY Clapead) s cals dae (e ddlise (SL]
O sial) STy Gl )l sl Baoh e il Jlea JAN Ol (Sa ) sl

BonS Anlu e U1 G o (80 10pm >5 0.3pum < la sl i) Cleswall o3a

st fadd) -

ng/m’ 274 5 477 OS PM;o s TSP 4l ddladll cilasuall 3 55 Jaus sia )
2 Zns Mns Fes Nis Cr 5 Co 5 Cu 5 Cd 5 Pb Agamdl jaliall 3€ 55 ) 3
ng/m’ 226-487 s ng/m’ 2.11-4.16 5 580- 901 0xls &) s¢l
sng/m’ 1256-1771 s ng/m’ 0.3-0.49 5 ng/m’ 43-94 5 ng/m’ 0.11-0.24
TSP J Slea alaaiuly elldy (Juliil) e ng/m’ 398-576 5 ng/m’ 135-206
eloed (B palaall S 5 5 (S5 (435 42) odsaadl B miase 8 LS ¢ PMgs
A& alaal) 4o @il L& Fe>Pb>Zn>Cu>Mn>Cr>Cd>Ni>Co: b WS landll
:SBS PM,; s TSP 1 ZnsMns Fes Nis Crs Cos Cu 5 Cd 5Pb
-0.020 , %0.00004-0.00005 , %0.08-0.10 , %0.0008-0.0009 , %0.21-0.19
%0.145-0.12 , %0.049-0.043 , %0.46-0.37 , %0.00011-0.00010 , %0.016
Sedel) Je
sllgdl
sle 439 5745 pg/m’ OS PMjy 5 TSP 4lS) daledd) Clapunll 38 55 Jass sia )
ZnsMnsFesNisCr s Co 5 Cu 5 Cd 5 Pb 4asall jaliall 5K i = ol 5 5 ) 5l
-0.88 s ng/m’ 142-290 s ng/m’ 0.66-1.29 s ng/m’ 293-457 oule
155-235 sng/m’ 1345-2065 sng/m’ 1.10-1.71 s ng/m’ 40-73 sng/m’ 0.43
2 WS PM 5 TSP I e alasinly @llb g (Judasll e ng/m’ 510-740 s ng/m’
JSAl o O Laadll o) sl (8 aleall 308 5 i 5 ()).(435 42) Calsandl (8 ma s
|
Cd 5 Pb A&l juledll 35S 5 4 s Fe> Zn> Pb>Mn> Cu>Cr>Ni > Cd >Co
: U ClS PM s TSP ) Zns Mns Fe s Nis Crs Cos Cu s
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S %0.032 - 0.039 5 %0.00015 - 0.00017 5 9%0.068 - 0.016
S %0.023 - 0.0144 5 %0.0091 - 0.0098 5 %0.000098 - 0.00012
- Gualadll e 960.12 - 0.099 5 %0.035 - 0.032 5 %0.31 -0.28

o FCRA)
sle pg/m’ 517 5851 US PMyg 5 TSP 44 dilaall cilaguall 38 53 Jau gia
(e Zns Mins Fes Nis Cr 5 Co 5 Cu 5 Cd 5 Pb dxiomall pualiall = ) 55 A g3l
5. ng/m’ 0.713-1.79 sng/m’ 901-1734 sng/m’ 1.93-2.7 s ng/m’ 598-831
145-249 ng/m’ 1784-2982 s ng/m’ 0. 80-1.21 s ng/m’ 73-192
&b s WS PMy) 5 TSP I Jlea alasinly ¢l ng/m’ 661-974 5 ng/m’
) JSAl e S asall o) sgll (& calaall 58 58 i 5 0).(43 5 42) ol saall
Cd 5 Pb L&l ouladl 3K 54y Fe> Zn> Cu>Pb>Mn> Cr> Cd >Co > Ni
:SUlS S PM;y s TSP Glavss Al Zns Mny Fes Nis Cr 5 Co 5 Cu
5 %0.00014-0.00021 5 %0.17-0.20 5 %0.00037-0.00032 5 %0.12-0.098
5 %0.028-0.029 5 %0.35-0.35 5 %0.00015-0.00014 5 %0.014-0.023

sl e 960.13-0.11

(42) ad, Joand)
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ZnsMnsFesNisCr s Co 5sCu s Cd s Pb 4Ll jualiall e soaaall 350 5l
o Byl i 31l il U £y Ayl (3labie (e e 3l il 3 Ba2mal

TSP ahaainly élld 5 2009 Cana s a5 2008 < A
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ZnsMnsFesNisCr s Co 5sCu s Cd s Pb 4Ll jualiall e soaaall 350 5l
Aol Ao 31l i) U £y Ay L (3labie (e im0 il 3 Bamal

PM g o2ty 3 5 2009 iz 5 2008 g s —si s
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sle pg/m’ 202 5442 O PMyg s TSP 48 daleall Cilapandl 38 55 dass gia )
ZnsMn s Fe 5 Nis Cr 5 Co 5 Cu 5 Cd 5 Pb dgpamall jualiall Cia gl 35 I 5l
-0.49 s ng/m’ 191-384 s ng/m’ 0.61-1.08 s ng/m’ 255-372 (wke
5 ng/m’ 2060-3752 5 ng/m’ 0.21-0.32 s ng/m’ 111-212 5 ng/m’ 0.21
sle PMyg 5 TSP Sl alaiiuly i35 ng/m’® 310-470 5 ng/m’ 128-198
(43542) lsaal) b miase sa LS ¢ sl
Glasa N ZnsMnsFes Nis Cr 5 Co 5 Cu 5 Cd s Pb ALl aleall 3 3 duus
0.086 s %0.00030 - 0.00024 5 %0.13 - 0.084 : SIS <l PM, 5 TSP
3 %0.055 - 0.048 5 %0.00010 - 0.00011 s %0.095 -
e %0.153-0.106 5 %0.063-0.045 5 %1.02-0.048 5 %0.00010-0.000072
e85 padl e ddle 381 5 e (5 siad dahiall 028 5 ) il
sls dxala
sle ng/m’ 47 5 116 OIS PM;y 5 TSP 448 daledd) o) 3 53 Jagia )
ZnsMnsFesNisCr s Co 5 Cu 5 Cd 5 Pb dbaeall paliall 38 55 7 6 55 Mgl
ng/m’> 0.09-0.23 s ng/m’ 85-166 s ng/m’ 0.42-0.79 s ng/m’ 85-107 ol
-199 5 ng/m’ 9.6-18 s ng/m’ 469-850 s ng/m’ 0.15-0.17 s ng/m’® 12-27 5
(45 544) sl k3 PMy s TSP I Jlea alasinly a5 ng/m’ 131
iU Gy ) o) sl (8 Apianall jualiall 3 55 as 5 S
Cd 5 Pb L&l galaall 3 5 4aisi s Fe> Zn> Cu>Pb> Cr> Mn>Cd >Co > Ni
: SUS QW8 PM;p 5 TSP Glares Al Zn s Mns Fes Nis Cr s Co 5 Cu
5 %0.00019-0.00020 5 %0.18-0.14 5 %0.00089-0.00068 5 %0.18-0.092
%0.020-0.016 5 %1.00-0.073 5 %0.00025-0.000155 %0.026-0.023
s Sle %0.28-0.17
ciaiall
Sle pg/m’ 82 5181 Y& PMy 5 TSP 4l daleall Classal) 3 55 Jass sia ()
* Zns Mns Fes Nis Cr 5 Co 5 Cu 5 Cd 5 Pb dnaeall jpaliall 3 yi5 I gl
-0.33 5 ng/m’ 113-222 sng/m’ 0.65-1.24 s ng/m’ 195-240 J\S ¢! s¢d)
35-68 5 ng/m’ 639-1160 s ng/m’ 0.21-0.33 5 ng/m’ 21-47 s ng/m’ 0.13
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e PM, TSP ) Class Jlea alasinls éllds | 328ng/m’-497 5 ng/m’
(45 544) ol Sl ¢ gl
Sl JLA e il ) of sell A Apanall paliall 3€ 5 ad g

Pb L@l pabeall 38 5 duwis Fe> Zn>Pb > Cu > Mn > Cr >Cd> Ni > Co
: AUIS SIS PM g s TSP Slasss ) ZnsMn s Fe s Nis Cr 5 Co 5 Cu 5 Cd
%0.00016-0.00018 5 %0.14-0.12 5 %0.00079-0.00069 5 %0.24-0.13
5 %0.043-0.038 5 %0.78-0.64 5 %0.00026-0.00018 5 %0.026-0.026 5
sl e 9%0.40-0.27

-A%adlaal)

sle pg/m’ 67 5 161 <\ PMy 5 TSP 4l dileal) Cilagual) 38 55 Jaus gia ()

Mn s FesNis Cr 5 Co 5 Cu 5 Cd 5Pb ¢l sell & dnaeall paliall 38 35 I g3l
ng/m’ 0.06-0.15 sng/m’ 80-156 sng/m’ 0.45-0.85 sng/m’ 93-114 J\S Zn s
63-95 sng/m’ 13-25 s ng/m’ 244-461 sng/m’ 0.05-0.08 s ng/m’ 14-30 s
(45 544) odsaadl ki) Nl e PMy s TSP I alasiuly élld g ng/m’

(44) o2, d s

114



ZnsMnsFesNisCr 5 Co sCu 5 Cd 5 Pb ALl jaliall (e soaaall 380 )
2008 <A Al Hall dyie 1 &l el JYA A (3halie (e Coran (Al Sliall 4 320sl)

TSP alaaiuly @l § 2009 awa s an s

(ng.m™) * 38 5 o sia TSP*
bl | ke
Pb Cd Cu Co Cr Ni Fe Mn | Zn (ug.m‘3 )
110 | 0.86 | 187 | 023 | 27 | 0.18 | 897 18 | 203 122 iy Al
daala
94 |1 0.60 | 102 | 0.19 | 23 0.14 | 689 16 | 184 73 B e
Aaall)
116 | 0.92 | 210 | 0.28 | 31 0.19 | 964 | 20 | 210 154 Cauall
(iaalal
107 | 0.79 | 166 | 0.23 | 27 | 0.17 | 850 18 | 199 116 | hwgial)
254 | 128 | 213 | 034 | 48 | 0.34 | 1187 | 68 | 510 161 Al
204 | 1.07 | 190 | 0.28 | 43 0.25 | 1043 | 61 | 435 140 B
il
263 | 1.37 | 262 | 0.36 | 51 041 | 1249 | 76 | 545 241 Canall
240 | 1.24 | 222 | 033 | 47 | 033 | 1160 | 68 | 497 181 | hwgial)
115 { 091 | 160 | 0.16 | 30 | 0.08 | 472 25 97 164 iy 3l
98 | 0.68 | 145 | 0.12 | 26 | 0.06 | 412 22 86 146 e
adadlaall
128 | 097 | 162 | 0.18 | 34 | 0.10 | 498 28 | 103 172 Canall
114 | 0.85 | 156 | 0.15 | 30 | 0.08 | 461 25 95 161 | hwgial)

ol Lasas oy gia #

(45) a2 Joadl
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ZnsMnsFesNisCr 5 Co sCu 5 Cd 5 Pb ALl jaliall (e soaaall 380 )
a5 oA Al jall duia 3 <l el JMA AiS Blalia (e Camas Al Cilial) 8 3204l
PM plaaiuly ¢l 5 2009 “ava 5 2008

(ng.m™) * S 5 Lo sia PM;o*

ol o
Pb | Cd | Cu Co Cr | Ni | Fe | Mn | Zn |(ugm®)

87 | 046 | 94 0.09 12 |1 021 | 501 | 9.6 | 135 49 Al

73 1031 | 53 | 008 | 10 | 0.09 | 380 | 84 | 120 | 37 | g | sieds
aaadl)
94 [ 048 | 108 | 0.10 | 14 | 014 | 527 | 109 | 139 | 54 | sl | (quds)

8 | 042 | 85 0.09 12 | 0.15 | 469 | 9.6 | 131 47 | bgiall

210 | 0.68 | 112 | 0.14 22 1 023 ] 660 | 36 | 338 72 Al

161 | 0.54 | 93 0.10 18 | 0.14 | 570 | 31 | 285 63 &

il
213 | 0.72 | 134 | 0.15 23 | 027 | 688 | 39 | 360 110 Cauall
195 | 0.65 | 113 | 0.13 21 | 0.21 | 639 | 35 | 328 82 o giall
93 1048 | &4 0.07 14 | 0.05 | 252 13 65 68 Al
81 | 035] 70 0.05 12 | 0.04 | 220 11 55 61 &l
adadladll

105 | 0.52 | 86 0.07 16 | 0.07 | 260 | 15 68 72 Caal)

93 | 045 | 80 0.06 14 | 0.05 | 244 | 13 63 67 | bugial

ol Lasas oy gia #
: Sul JLA e S Lol o) sl 8 Aviamall jaliall 3€ 55 s 5
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Cd 5 Pb 4Ll bl 38 534w s Fe> Cu>Pb >Zn > Cr >Mn > Cd> Co > Ni
: SU ClS PM s TSP Slasss Al Zn s Mins Fe s Nis Cr 5 Co 5 Cu s
E) %0.119 - 0.0965 % 0.00067 - 0.00053 5% 0.139-0.071
% 0.000075 - 0.000050 5 % 0.021 - 0.0195 % 0.000093 - 0.000090
Sl e 9% 0.094- 0.0595% 0.019-0.0165 % 0.37-0.29 5

Ghlid) & elsell (& Pbs Nis Mns PM s TSP ) dad o) gl < ekl
Lalladl daall daliie J8 e 43 7 saall 2l (e ef il (Sull 5 ) gl dpeliall
G5 4 g semal) 2all e J8 Sl 3hliall & goladd) 48 3855 S L (WHO)
(WHO) 4allall daal) dalaic

& (Pb ,Cd ,Cu ,Co ,Cr ,Ni ,Fe ,Mn ,Zn) L&l ;jaladdl Cad) 12 & Loas
> 0.3um < o jdadl il g ) sall 8 PM 5 TSP 4l ddllal) Cilaseal)
N pabaia¥l caday Jladll lea aladinly elldg &)l s A4 4 10um
5 opg/m’ 73 - 241 oabe A SWY) & PM g5 TSP I daaS Lo sia = ) i
Onbe eliall lalid) (e dy @l Sl Blbd) iy Ml Je pg/m’ 37 — 110
AN alaal) deS iS5 Julidl) e pg/m® 585 — 123 ol pg/m’ 961 — 256
963-15851837-3125  2.46-0.4154.73-0.975 734-201 5 1112-297 323adl)
-11165 1.22-0.175 1.87-0.285  120-335 223-685 0.79-0.08 5 1.94-0.14
Gl L8 ng/m’ 710-2405 1039-3705 170-1135270-179 5 2538-780 5 4604
Jealedil) e PMp s TSP aladialy (Sl 3 ) slaall e liall

A4Sl 3hladl 4 Mn 5 Ni s Pb s PMyy 5 TSP ) dad ol gl o el
daiall dabaie J8 e 4 7 sanall 2all (e e culS (faelial 3 slaw 4580) deliall
CilS Jadh Ayl laliall 8 Galadl gaea s PMp 5 TSP Jl dad iy (WHO) daallal)
18) JSSYI  maae 58 LS (WHO) Lallall danall dalaie (385 43 = samsall 2l (g Jil
.(28-
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(18) o, Jsall
(Raelual ) slae 43S0 dpe liall 40l shaliall (8 TSP CilaS Jaus i
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123 456 7
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Ciyam S 4o Gl 3 ¢ gl 2 ¢ a1
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120



Cd
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123 456 7

(21) f2, Jsal
A4Sl Ao linal) A0S0l 3hliall (& PM s TSP I aladiuly o gedlSl) 2 Jas 5
385 e - gamsall adlly 45 )lie A4Sl Blaliall 85 (elial 5 ) slae
(WHO) fsallall darall daliie
Ciyam S 4o Gl 3 ¢ gl 2 ¢ dumn gl -]
dailaallL7 « Ciniall 6 ¢ s dala -5
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(26) pdL JS
3 slae AuiCu) delivall A€) (3hliall & PM s TSP I aladinly saall 4 dau gia
35 Lo - gamsal) ally 45 )i A4Sl Blaliall 85 (Ao lial
(WHO) sallall inall dalaic
¢byen S 4 ¢l - 3 e llgl D ¢ amn Rl -]
Aadladll7 ¢ Caniallg ¢ s dasla -5
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(29) &, Jsi
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S A (leal) Jas gl (45-42) Jslaadl mma i WS « PMg 5 TSP ) Dles plasiuly
Gy Al a8l sall pea APM 5 TSP ) Glassal  Slual) Jaws i) aa (alaall ases
PMig s TSP Clems 2aS 2083 215 (46) o) Jsaall (4 (i cala A
Gl 5 als Are 4 Zn s Mins Fes Nis Cr 5 Co 5 Cu 5 Cd 5 Pb 4paeall jualiall
Mn 5Cr 5Pb 5Cu s PMgs TSP Slassn 38 5 Jara OS5 2 i) dal e s AY)
Pb b Gl i culS all slaxg lacle (s A aall AL e el cals dae 3 Zn s
4,)adl ) .Zns Mns Crs Co Jb Gsli Jlei Rio dejaniro 4shies Fes Cus Cd
Daall g o) sel) 585 6 shnnn o cla Aiia (3 Jasmal) el el 3 (ool I 5 ginun oy
AB) alaAinly Cny g Alaid Y1 i el (s AY)
Rm=CAlepp0/ CCity

(A7) 5 sl b g sl il a5 3 355

Crs Cu s Pbb s diaa A lasall ol sell Cagli (5 ginn o) giliil) sda < el
(elia JBTOS(L";CLLA‘)MAJ}_A}?JQ@)MW\&M\&ZH}MD}
L 0 palladl a5 sinal

& wiiall g JSll 5 pabiall s PMg 5 TSP Al 4ad of 4l all a2a il & gl
banll 3 gaal) e ST il A sud) s A daelicall A€l (lalidl Jaadll ¢ sgl)
G ol men s siie O Wi | (WHO) Al daall dadaie (385 Lo 7 sensal)
(WHO) 385 L & samsall 3 53all (ya J8) Jas 4801 3laliall
PM o ) Glasa (B ST adanae (IS Gila Apaay Jassall o) gl (8 pabia )l 58 55 ()

sibe Ble ) e bl Las ¢ 1Opm (e 81 L sl 5 GsliiuSU ALl

Lol e Jelas duald 5 Jere JS Aallas Cillans (oS i any -]

Ao liua hlie () (Sulls ) slaall Jaleal) Jis -

daite Jalre (I Ll g dpaldail) je il ) glu pabia)ll ja clidee aiay 48| 0 -
waba )l el s Clazay 3 jeaa s

(46) a3 J sl
5l GOAY 3 s ya) ALE (paleddl 51 535 TSP - ddass sidl) dadl
A G2l A
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3

Zn | Mn | Fe | Ni | G| Co|culcd| pb| A5l

690 | 222 | 2643 | 094 | 143 | 0.85| 724 | 2.31 | 640 629 Syria, Aleppo’
264 37 823 1 0.19 | 35 1024 | 181 | 096 | 154 153 Syria, Aleppo”

- 1797 | 2397 | 19.0 | 150 | - | 208 |3.10| 77 - Korea, Seoul'
2120 | 1216 | 38903 | 0.5 | 421 | 1.1 | 385 | 0.9 | 101 87 Brazil, Rio de
Janeiro'”'

208 | 483 | 1480 | - | 153 | - |708|1.61| 57 - Hong Kong'*
299 | - - - 6.1 - |30 | - | 125 - Japan, Tokyo'™
203 - - - 8.6 - 1.82 - 146 - Vietnam, Ho Chi

Minh city'”

395 | - - - | 29 | - | 199 |85 |574| - | Taiwan, Taichung”
770 | - - - 19| - 11068 | 430 | - China, Biejing'™
328 | 285 | 8270 | - | 100 | - | 752 | 14 |1910| 463 | Iraq, Baghdad"”
342 | 51 | 3490 | - | - | - | - |186| 71 | 179 | Brazil, Niteroi'
1386 | 35 | 869 | - | - |22 18 |045| 57 | 1.39 | Japan, Kanazawa'®

84 - - 92 | 49 | - | 52 | - 14 - USA, Los Angeles'"
484 | - | 1276 | 45 | 48 | - | 91 | 0.6 | 376 | 134 | Greece, Athena™

n=>5 ¢ Jasd A< alalia ** ¢ daclia ¢ A0S0 (3lalic*

(47)ad J sl
AT D ala A A s Haall Caled) 38051 TSP A ddaw siall adll 4
allal
Zn | Mn | Fe | Ni | Cr | Co| Cu | Cd| Pb | TSP L) o guaiall Anaal)
- 279 1.10 | 0.05]9.53| - |3.48]0.75[831| - Aleppo®/ Seoul'™
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- 0.46| 034 |0.01 233 - |0.87]0.31]2.00 - Aleppo”/ Seoul'”
0.33 |0.18 | 0.07 | 1.880.34[0.77 | 1.88 | 2.57 | 6.33 | 7.23 | Aleppo*/ Rio de Janeiro'"
0.12 10.03| 0.02 {0.38]0.08|0.22|0.47 |1.07 | 1.52 | 1.76 | Aleppo”/ Rio de Janeiro'”'
231 |4.60| 1.78 - 1935 - [10.20(1.43|11.23] - Aleppo*/Hong Kong'®
0.82 [0.77 ] 0.56 - 1229 - |2.55(0.60(2.70 - Aleppo”/Hong Kong'®
231 - - - |23.44| - [24.13| - |[123] - Aleppo*/Tokyo'™
0.88 - - - |574] - 16.03| - |5.12 - Aleppo”/ Tokyo'”
3.40 - - - |16.63] - |398| - |1.05] - Aleppo*/Ho Chi Minh'"
1.30 - - - 1407 - 994 | - |438]| - Aleppo”/ Ho Chi Minh'"
1.75 - - - 1493 - |3.64(027]027| - Aleppo*/Taichung'”
0.67 - - - | 121 - [091]0.11|1.11 - Aleppo”/ Taichung'”
0.90 - - - |7.53] - ]16.58(0.34|0.36 - Aleppo*/Biejing'"®
0.34 - - - | 1.84| - |1.64(0.14]|149| - Aleppo"/ Biejing'™®
2.10 | 078 | 0.32 - [143] - 1096(0.17]0.34 | 1.36 Aleppo®/ Baghdad'”’
0.80 |0.13| 0.10 - 1035] - 10241(0.07]0.08]| 0.33 Aleppo”/ Baghdad'”’
2.02 [4.35] 0.76 - - - - 11.24]9.01 | 3.51 | Aleppo*/Niteroi (Brazil)'**
0.77 10.73 ] 0.23 - - - - 10.52]2.17 | 0.85 | Aleppo"/Niteroi (Brazil)'*
0.50 |6.34| 3.04 - - 10.39140.22|5.13 |112.3] 452 Aleppo*/Kanazawa'®
0.19 |1.06| 0.95 - - 10.11(10.06|2.1327.02| 110 Aleppo”/Kanazawa'®
8.21 - - 0.10 [29.18| - [13.92| - 457 | - Aleppo*/Los Angeles'®
3.14 - - 0.027.14| - |3.48| - |[11.00] - Aleppo”/Los Angeles'
1.43 - 2.07 10.02 298| - |7.96|3.85|1.70 | 4.69 Aleppo*/Athena'
0.54 - 0.64 10.004/0.73| - |[1.99]| 1.6 |041  1.14 Aleppo®/ Athena'

N=5 ¢ Joid A€ 3lalie ¥ ¢ dacliva g A€ 3lalio*

Ol (5 o VA ALE (aleally qala Alida A o) 5gd) &gl Al j2- 4 4
TSPalaiiady qalay &bl aua ) cildaaa 32009 alad Jblg

Go bl Ol el DA Glay Al & paae Ji e s3sakd) il a3
S 9 LS anngill Gllae Ld iy als cala dnae 8 aaddl 2l aia ) cillass
il eda a yaig (g M pabaial) ey Jalaill aladtnly @il uaiell g aaadl

132




«(49) ) dsaall (32009 ale ) el (48) A Jsaall 32009 ple Gl el
g5y ghase O ALl ilil) (g Jaad (31 530 ) @ (oSl 8 iliil) ods i g
Uase adse CaAL 5 gl Gaeall (DAL (i) 8 A ) ALED aleally ¢ sl
Al 38 prain s G el €S dainian g )
ekl o) gl gl

Ol Al aa il Glass calidg & aba )l ol sl &gl Ol gl s g) 53
Al sie Ciliy Bl SV GV daadll (4 elsedl OIS Gua ¢126-1265 ng/m’
QX5 62009 bl el 8 1221-1265 ng/m’ s Qi sed 52 975-1085 ng/m’ (s
1073-1107 5 Qb e & 784-856 ng/m’ (s 43l siuse carly s A ddasall b
¢ WHO s ) Lalle 44 7 savie 58 Laa i STl i) 028 5 Ul e 4 ng/m’
e Dl ) 5 3 sa sl (alia Il & Bl e £ 5 35 4( 500 ng/M’ 4 7 sassal)
ol dihiey ape gl ddhie 8) A0l GV Cpladll (o8 dlie (alia
Gp Asiia OAY) clhaad) 8 Gabia I sall sl il giue il G i (Aeliall
. 126-495 ng/m’
Bty ) sgd) il — o

1054- G Gl sl Cllaae aline (b ypaally o) sel) Cisli Dy glase Din ) i
Al sise Clys aaally Gli Y1 A0l ddasadl 8 ¢l sedl O\ Cua 5422 ng/m’
238 52009 bl el 8 4518-5422 ng/m’ 5 Pl =S 4 4012-4512 ng/m’ O
3720 ng/m’ 4 z samall tWHO s ) Galle 43 7 sase 58 Laa S ST il sl
e giia Lelia Gl 55 2 g sb Al Adanall L aally gl il ginse i) 5 me s
b uaall sall &l by e CilS a B (D liall Casdl) dikia ) Le i AdaiSa
(1054-2256 ng/m’ox ) 4 sia 5 ,aY) Gilaall
el o) sl Qi —

37-  Om ) aal e Calite 3 Gl of sell gl L ge s ) 5
278-290 (w4l siue iy s Gl Y Al ddanal) 3 sall (S Cua €314 ng/m’
& Al siae Cilis < 2009 LU el & 270-314 ng/m’ s Ol el 4 ng/m’
LS oLl e 58 194-232 ng/m’ s gl ses 58 198-218 ng/m’ O () sY!) el
172204 5 Ol s b 164-182 ng/m’ O AN ddasdl) 8 45l sie Caaly

133



CWHO s ) lle 45 7 saia 58 Laa ST il giaaall 028 aady « Ll el 8 ng/m’
Cillanall 038 ga (& irially o ghill il gine gl s 3mas 4( 150 ng/m’ 4 ¢ sl
Gl e ClS (s (B Lghe Ay 8 A sile Jalaay dpelia Cliiey jea Gl 25a )
. 37-58 ng/m’ o A siie Al Al 5 Aagl 1) Ll a1 ihaae B riaially el sl
JGill o) gdl dugli o
0.11- O Q) da)ll Gildase caline 8 JSlL el gl & gli il e gl 5
0.86-0.94 (s 4l sivee ialy s Bl Y 26 ddanall & all OIS Eua €098 ng/m’
calis ¢ 2009 4 i b 0.92-0.98 ng/m’ 5 Qs S & ng/m’
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CulS s (B Lee Ay 8 de ite Jalaa g peliva Cliiag e Sl 5 a6l ()5S
0.11-0.32 O o ) Usiia (5 ,AY) il dajl cildans 3 ISl sall gl il siane
(ng/m’

(Zn 5 Cr 3 Cu 5 Cd ) s AY) ALEY (alaally ¢ 5gd) &gk —

alide & (Zn 5 Crs Cu 5 Cd) L&l alaally o) gell &gli il glasa Can gl 53
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812 | 218 2256 | 0.49 | 92 518 | 3.6 | 1085 | 16/4

680 | 198 | 2110 | 039 | 98 494 | 4.2 975 | 23/4 |

3|

746 | 203 | 2183 | 0.44 | 95 506 | 3.9 | 1030

1060 | 290 | 4512 | 0.94 | 210 | 1480 | 3.8 856 | 16/4

984 | 278 [ 4012 | 0.86 | 218 | 1360 | 4.6 784 | 23/4 2

3|

1027 | 284 | 4262 | 090 | 214 | 1420 | 4.2 820

362 | 182 | 1613 | 0.28 | 36 386 | 3.6 495 | 16/4

304 | 164 | 1589 | 0.24 | 32 364 | 3.0 435 | 23/4 3

3|

333 | 173 | 1601 | 0.26 | 34 375 33 465

41 45 | 1078 | 0.15 17 32 1082 | 164 | 16/4

39 37 | 1064 | 0.11 15 24 1 050 | 126 | 23/4 4

3|

40 41 | 1071 | 0.13 16 28 0.66 | 145

438 | 49 | 1101 0.24| 40 51 4.3 436 | 16/4

334 | 47 | 1083 | 0.20 | 32 43 3.7 428 | 23/4 5

386 | 48 | 1093 | 0.22 | 36 47 4.0 432 m

5 150 | 3720 | 0.38 | 1100 {100000{ 5 500 4 g yamall aad)

mg/m’| WHO| TP |WHO | WHO | WHO | WHO| WHO [136]
WHO

Lkl Ol (5 el U gl dall 7y ¢ il d uedd ddass giall 2l *

(49) &) Jssad
el aall cillaadl 2009 abad Sl e 8 Coran Clige A Aiaeal) U slal) LS

ng.m” ¢ 38 ill Aas giall 4l

gl | Anaal) a8
Zn Mn Fe Ni Cr Cu Cd Pb

702 194 | 2774 | 0.48 | 107 | 502 | 4.0 | 1221 1/5 1
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886 | 232 | 2804 | 042 | 113 | 518 | 4.4 | 1265 | 13/5

3|

794 | 213 | 2789 | 0.45 | 110 | 512 | 4.2 | 1241

992 | 270 | 4518 | 0.92 | 208 | 1400 | 4.3 | 1073 1/5

1174 | 314 | 5422 | 0.98 | 196 | 1502 | 3.9 | 1107 | 13/5 2

3|

1083 | 292 | 4970 | 0.95 | 202 | 1451 | 4.1 | 1090

291 172 | 1734 | 0.25 | 32 | 361 | 3.2 | 443 1/5

409 | 204 | 1998 | 0.29 | 28 | 397 | 3.8 467 13/5 3
350 188 | 1866 | 0.27 | 30 | 379 | 3.5 455 m
51 45 | 1132} 0.18 | 14 31 1072 | 124 1/5 4

348 46 | 1054 | 0.26 | 24 49 3.8 | 465 1/5

472 58 | 1410 | 0.24 | 20 61 4.4 | 471 13/5 5

410 52 112321025 | 22 55 4.1 468 m

Smg/m’| 150 (3720 | 038 [ 1100 10° | 5 | 500 | 4z sawall sl
WHO | wHO| TP |WHO|WHO|WHO | WHO | WHO [136]
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O soinall S5l Jangia il Cua dib sl LSl (e 22y 535 (Benzo[a]pyrene)
O iy ¢ 2.3 ng/m’ GBhe dinae dsblae dale mise b Gyl Sl 13
ng/m® 55 cSlue dilie 3 all sgrall aise b Lasit 5l (A goiaa) o gial)
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ot 2006 ale llsally olsel) skl 43 A8l A Ley caald Al Al dpually L]
:L";gu

apdy Aila Ghll 3 Laliys desud elsgdl clisle JST e Bllsally Cishl) any

) il Caigny L gl A KAl Ghliadly deluall Ghlal s il
(PMg) 10p m oe aa) SUaEY) 3 @llsall iiads . leana o @llsall Laally
e IV AN cd @llsed) W cinhalable slimadl dLi Ll elly dals dual @il
Sty dpuadiil) e laall (35385 Lif Al dally dpmaa Dyl Joad ((PMy5 ) 2.5 um
o sty @rsiaY) 3l Ghia) pe clal) b L WS gl cdlasall )
Glaay «S00t AWK (Ll e 3 Gllke e Al Glawall (o lada
alindl ladans o aediy gsall G 3 AgLeSl) eilelill e aan L) 400
il Sleal) (sl pmbel ) sa5is ey analSlls pabapllS ol dpaadl)
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=5l 8) 231 PG/M” o Blhes b Cangli 288 ((16) oy Jsaall Tan dailipe 2
S 5ysladl dypde sany) Aihis b W ppalall (3 588 pg/m s (oY) gela
A b 4nds )y ¢ 844 pG/M sai agd) Jansiall ali ((Aglsdie delia dilic)
Gadiyal) S e o1y . 603ug/ms  303ug/M P S o5 Gua Gila
o gl Y dpralls G s Aangie ) Lead cles L) € oad) e
5 115 pg/m’oy cilks (ughyla b Wy 376 ug/m® 5 218 ug/m’ on saes
LS. a3l o (o8 Lon Gaiye i€y colypndl 3 3865 169 pg/m’cus 486ug/m’
- (16) &) Jsnll nse o

(15) dsaad
G Aa 8 2001 — 2000 350 Pla PAH I S ja de ganal (ulll il

B CSlaa/ Hlal) gaal)

(1343 b i) (Ae 42 lausic) diblaal) dalu

(ng/m?) 5 (ng/m”) s PAH Sy aud
Average | Max Min Average | Max Min

0.55 2.10 0.05 2.04 12.87 | 0.01 Phenanthrene
0.30 3.72 0.01 1.01 6.64 0.01 Anthracene
0.92 5.91 0.04 3.02 31.06 | 0.01 Fluoranthene
1.08 6.37 0.07 3.39 18.74 | 0.05 Pyrene
0.69 3.30 0.01 2.03 9.44 0.01 Benz[a]anthracene
0.99 5.99 0.03 2.41 13.14 | 0.01 Chrysene
1.49 6.73 0.03 3.55 11.05 | 0.09 Benzo[e]pyrene

1.13 4.42 0.04 2.26 9.34 0.02 Benzo[b]fluoranthene

0.97 3.69 0.04 1.81 5.90 0.20 Benzo[k]fluoranthene

1.06 5.46 0.01 2.30 5.95 0.02 Benzo[a]pyrene

0.32 1.55 0.01 0.63 4.04 0.01 Dibenz[a,h] anthracene

1.46 8.15 0.04 3.21 8.90 0.05 Benzo[g,h,i]perylene

1.41 12.00 | 0.01 2.46 9.87 0.01 Indeno[1,2,3—cd]pyrene

1.09 8.76 0.03 2.00 6.60 0.14 Coronene

13.30 + 12.9 32.05 + 24.5 Total PAH
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588-231 | 222-86 | 11527 | 82-14 Bia
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376-218 | 157-36 | 92-14 | 55-7 g
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1999 sl Aypud) el ey 8 Autlsel) sl 3850 Lua gl il il

oo Il ) PMyg Gl ddlsell Gllsall S50 i) bl s
(e Aae bl aal 3 (2004) JalS ale Pla jaie JS35 cja s (050810
ol plina (8 CulS cogul) Al Dnall W@hat aat Al (@llsall o380 585 o )
Agysedl dislsall Gavny (TOHG/M? 5 5)358all5 ) Ly zsamsall 350l (g el Ll
DUSRY) cly (3llgall Zpasdl SSI0 oF U ¢(8) 8y SN 8 Al il i
) Laall bl cld Ll Glgal) e Load a3 s ((PMys) 05 Sae Y0
B Glas WS, Sl Gauny 65UG/M’ gy zsensall dpasdll sgaall e e culs
) 33 gandll ol eyl 2 A5 ikl Al W .US EPA 1997 48,4
(AECS 2002, HIAST 2001 and ESRC 2000, «ilay (i) i 3 s
slogd) e A% ) AGEN o) ASm ) el She b (a1 e 2004)
Gl 3Ty ) alST e dadipe S0 Bhliadl ey b sk maal (3l)
Saall Gzl B s Lls D caali skl sdag Llajes (SOOt) andll Clag
el COle il e Aagi Canall 558 A Aaldy (ol el Ao mdy 53 (Smog)
O Aaolal)l dmaiid) 5g8 dadY) 8l Jedy dasll) (Photochemical reaction) 4 sl
G @Y g Gial e Al Appaall LSl Gl Sl 8 Geadl
3 il Ayl gl (g e gane A gualaasl Do il 038 dafi oy s<iy L Jail) il g
( WHO 2000, Jaffe et al. 2003 )ids¥) clisldl ge daall o \gi)sha 4%
(18) &) Jsaall s Byshadll Aally domaal) Lgilyilly A pra chnpal LSl o2
lay Bded (Ande 8 dgphaall dala) Glisy)Sesmed) 3855 Gl sie
G~ am ) eSHe e ggsand) Sl dangia o) il o3 il cujelsl Ny
Al daall Zabiie julas (339 Lo zsewall 250all j5las 28 (Benzo[a]pyerene)
s Aiae (3550 3.9 iy 5 (Bed Apde (A53a2.3 oy Ayl dpnldl) ddialsally
Lssio o and callall Jsa baae e 3 cpal Al @l ae lulall o3 ol 4liays
B e IS 4 (Total PAH: (S50 14) dplaall dalall ciligy K5 ymel) Janal 550
Jia allall (8 508 (2e b Agliia adlsal Alasal) L) llangial) (g el LIS Gilag
g yeall (W) cpsles (Wlas) lerians (LsS) Jsimms (Lmsial) Slay &35S aisa
& O s (Bl ey A3)lie lgd Jall Lailugy LS dlaaty Lialdna,
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http://www.sciencedirect.com/science?_ob=ArticleURL&_aset=V-WA-A-W-EAU-MsSAYZA-UUA-U-AAWBYBDYAC-AAWAVAYZAC-WWVWWWCZB-EAU-U&_rdoc=19&_fmt=full&_udi=B6VH3-4FSFXM5-3&_coverDate=06%2F30%2F2005&_cdi=6055&_orig=search&_st=13&_sort=d&view=c&_acct=C000053510&_version=1&_urlVersion=0&_userid=1524097&md5=92f79039b1889946a0e3aded5c0fa452#bib35#bib35
http://www.sciencedirect.com/science?_ob=ArticleURL&_aset=V-WA-A-W-EAU-MsSAYZA-UUA-U-AAWBYBDYAC-AAWAVAYZAC-WWVWWWCZB-EAU-U&_rdoc=19&_fmt=full&_udi=B6VH3-4FSFXM5-3&_coverDate=06%2F30%2F2005&_cdi=6055&_orig=search&_st=13&_sort=d&view=c&_acct=C000053510&_version=1&_urlVersion=0&_userid=1524097&md5=92f79039b1889946a0e3aded5c0fa452#bib14#bib14

b ( PAH) gl dala)

ClisnS g paell uld 2l 4)ae (19 ) o8y Jsaal)
.(Panther et.al., 1999) allall Jsa (532 (aall Gaxy ae calag (Bl i

(18)pd; Jsaal)

calag (Bhey Ahne A A phaal) A8l Glig S o pnedl 1S5 Gllanigia

e B Sl Jansgie & DSl g

s A Beiad Aade 355 PAH (S5s aud

ng/m ng/m
0.80 2.04 Phenanthrene
0.61 1.01 Anthracene
2.29 3.02 Fluoranthene
3.65 3.39 Pyrene
4.45 2.03 Benz[a]anthracene
5.39 2.41 Chrysene
14.75 3.55 Benzo[e]pyrene
6.20 2.26 Benzo[b]fluoranthene
2.63 1.81 Benzo[k]fluoranthene
3.89 2.30 Benzo-[a]pyrene
1.44 0.63 Dibenz[a,h] anthracene
5.24 3.21 Benzo[g,h,i]perylene
- 2.46 Indeno[1,2,3—cd]pyrene
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