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Abstract: Airborne particulate matter samples (PM) were collected over two years (2008-2009) to investigate the 
levels of particulate matter in the selected sites. The selected sites were chosen to present different activities at  north 
and south areas of Cairo City. Air-Q 2.2.3 model developed by WHO was used for the first time in this study to 
calculate the risk on human communities as result of PM exposure. The out put result showed that quantifying the 
impact of air pollution on the public’s health has become an increasingly critical component in policy discussion. 
Those responsible for any health impact assessment must address important methodological issues related to both its 
design and conduct. The current study investigated the health effects of particulate matter exposure and respiratory 
diseases in Greater Cairo-Egypt. From the obtained results we conclude Air-Q model is valid to be used as a wide 
scale to evaluate the health impacts of air pollutants especially particulate matter. The current data recommends 
using of these models for policy makers and regulations as it can be use for the local authorities to decide on the 
necessity of reclamation of the two sites and the level of priority of the intervention, with respect to situation of 
other polluted areas.   
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1. Introduction 

Recent developments in the Cairo during the 
late 1950s and 1960s saw the city expand into a 
metropolitan region and becoming a center for 
modern and heavy industrial activity (EEAA, 2008). 
Two peripheral districts with agrarian based 
communities (Helwan in the South and Shoubra El--
Kheima in the North) offered themselves as prime 
locations for the development of large modern 
industrial conglomerates (EEAA, 2008).  

Airborne suspended particulate matter is an 
important marker of air quality. Particles are emitted 
into the atmosphere from numerous natural and man-
made sources and are also formed upon condensation 
of gases and vapors (Kleinman et al, 1980; Miguel et 
al, 1986; Hassan, 2006; Paoletti et al. 1989). 
Anthropogenic airborne particulate matter comes 
from a variety of sources which include traffic, 
industries, commerce and domestic heating and 
cooking (Han and Naher, 2006). Suspended 
particulate matter (SPM) varies in size, ranging from 
a diameter of 0.0002 μm to 500 μm (Hassan 2006). 
Particles having an aerodynamic diameter larger than 
2.5 μm form the coarse particle fraction, particles 
having an aerodynamic diameter less than 2.5 μm 
form the fine particle fraction, and particles having 
<0.1µm in aerodynamic diameter are classified as 
ultra fine particles (Hassan 2006). The coarse 
fraction is mainly due to crustal material, paved road 
dust, non-catalyst equipped gasoline engines and 

back-ground sea salts, while the fine fraction is 
emitted from anthropogenic rather than natural 
sources or formed by vapour 
nucleation/condensation mechanisms (Hassan 2006). 
The lifetime of particulates varies from a few 
seconds to several months, depending upon their 
settling rate, size, density of particles, and air 
turbulence. Clouds of very fine particles may drift 
for hundreds to thousands of kilometers and cause 
pollution at large distance from where they were 
emitted; while the coarse particles travel less than 
one to tens of kilometers (USEPA, 1995a). The larger 
size particles are greatly affected by gravity and fine 
particles are more affected by diffusion (Chan and 
Kwok, 2000; Hassan 2006).  

Suspended particulate matter can be categorized 
into primary and secondary aerosols: i) Primary 
aerosols include emission from pilot power plants, 
auto mobile exhaust, sea spray, and dust storm, and 
are emitted into the atmosphere directly from the 
source. ii) Secondary aerosols are produced in the 
atmosphere from reactions involving primary or 
secondary gases (Chow et al., 1993, 1994 and US 
EPA, 1995a). 

Many epidemiological studies have found that 
statistical association between health outcomes and 
particulate matter concentrations; Fine particles 
rather than coarse particles are considered to be 
responsible for respiratory health effects. The debate 
over the scientific evidence for an underlying cause 
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linking the level of airborne particles to adverse 
health effects has been intensified in recent years. 
Sources of both primary ad secondary particles will 
need to be controlled.  

Cairo city centers, the annual mean 
concentrations of SPM were ranged between 355.0 
and 365.5 μg/m3 during 1994 to 1996, respectively 
(Khoder, 1997). Hassan (2000) found that, the annual 
mean concentrations of particulate matter at two 
urban areas of Cairo city were 339.75 and 262.5 µg/ 
m3. The annual mean concentration of particulate 
matter at Cairo city during the year 1997 was 454.94 
µg/ m3 (Saleh, 2002). However particulate matter 
concentration ranged from 170 to 515 μg/m3, with a 
mean value of 346.7 μg/m3, during smog episodes, 
whereas it varied from 154 to 231.1 μg/m3, with a 
mean value of 189.5 μg/m3 during normal conditions 
in Cairo city (Abdel Hameed, 2003). In addition, 
Hassan (2006) reported that, the concentrations of 
TSP over Greater Cairo during 2001 to 2002 varied 
between 769-511 g/m3. Ezzo, (2006) found that, 
particulate matter concentration in industrial Sadat 
city during 2002 to 2003 was ranged from 226 to  
516.3 µg/m3. The annual inhaled particulates 
concentrations during five years (2004-2008), and 
shows that despite the high average annual 
concentrations during 2008 which exceeds the annual 
average permissible limits of Egyptian Environment 
Law (70 µg/m3) (as shown in Table-1), it is less than 
the annual average concentrations which were 
monitored during the previous years which were 
about 137 µg/m3 during 2008 and 151 µg/m3 during 

2007 (EEAA, 2008).  
There is a strong link between elevated particle 

concentration and increased mortality and morbidity 
(WHO, 2004). Exposure to particulate matter can 
aggravate chronic respiratory and cardiovascular 
diseases, alter host defenses, damage lung tissue, 
lead to premature death, and possible contribute to 
cancer (WHO, 2004; Hassan, 2006). Particle shape 
and size are critical factors controlling the extent to 
which particles can penetrate into the respiratory 
tract, how and where particles are deposited, and at 
what rate particles are cleared form respiratory tract. 
Furthermore, a large number of smaller particles 
have a greater reactive surface area than an 
equivalent mass of larger particles and have a higher 
likelihood of reaching the deepest regions of the 
lungs, namely the alveolar region. Ultrafine airborne 
particles below 1 μm in diameter have been related to 
premature death, aggravated asthma, increased 
hospital admissions, and increased respiratory 
problems (Hassan, 2006). 

Epidemiological methods provide the 
opportunity to study pollutants and interactions in 
complex environments within this framework. 
Assessments differ with the different mechanisms 
(allergic, infective or irritant/toxic). Epidemiological 
investigators can study effects of real-life exposures 
in various population subgroups, even though it may 
be difficult to attribute the specific adverse health 
effects observed to concentrations of any one 
pollutant.  

 
Table 1: Ambient Air Quality Limit values as given by Law no.4 for Egypt (1994) compared to Reference 

Standards and Guidelines for Average Ambient Particulate Concentration (micrograms per cubic 
meter). 

Standard or guideline 
(annual) (24 hours) 

Suspended 
particulate 

(PM10) 
TSP 

Suspended 
particulate 

(PM10) 
TSP 

EU limit values - 150 - 300 

EU guide values - - - - 

USEPA primary and secondary standards 50 - 150 - 

WHO guidelines - 60-90 - 150-230 

WHO guidelines for Europe 50 70 125 - 

National Ambient Air Quality Standards - - 150 - 

Egyptian limit 70 90 - 230 

Source: WHO, 1979; WHO, 1987; USEPA, 1990; European Community 1992 (EU); EEAA, 1994, 2008; EPA, 
2010. 

 
2. Materials and Methods 
2.1. Study area 

Greater Cairo Urban Region (GCUR) (30.08_N, 
31.34_E) is the most populous region In Africa with 
over 18 million inhabitants (PRIDE, 1994). 
Geographically, the Region lies at an average 
elevation of 74 m (north) to 125 m above sea level 

(South) and has a fan shaped layout (Figure-1) 
(WHO/UNEP, 1992; PRIDE, 1994 and El-Dars et al, 
2004). The City is bordered from the east by the 
Mokattam Hills separating the city from the Eastern 
Desert and, to the west, the Abu-Rawash Hills and 
the Western Desert. To The region’s north lies the 
Nile Delta and to its south, a string of largely 
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agricultural Towns along the Nile.  
In this study, two locations selected were: 

Helwan (South) and Shoubra El-Khayma (North) 
(Figure-1), which contain two thermal power plants 
and range from industrial, mixed 
industrial/residential and residential regional Sub-
districts. Helwan (South of Cairo city) and Shoubra 
El- Kheima (North of Cairo city) were agricultural 
areas that supplied crops to meet the needs of the 
capital city and its suburbs (PRIDE, 1994; El-Dars et 
al, 2004). Shoubra El-Kheima industrial complex is 
at the northern boundary of the city of Cairo. It has 
an area of about 30 Km2 and houses over 800 
industrial plants of various sizes. Textile 
manufacturing is the predominant activity, followed 
by engineering construction, glasses, chemical 
fertilizes, petroleum and electrical industries. The 
area, also, accommodates two big thermal power 
generating plants. Emissions from these industries 
and activities directly affect the air quality in the 
Greater Cairo area (Hassan, 2006).  As well, Helwan 
Itself was being developed as a touristic area during 
the late 1930s to 1940s, the date of the 
commissioning of the national wax museum therein. 
However, during the 1950s and 1960s national 
industrial movement, these spacious and secluded 
districts were gradually transformed into 
industrialized centers. Currently, they all exhibit a 
high rate industrial activity and equally high 
population densities that were incurred by 
randomized urbanization and an increase in rural 
urban migration. More recently, Helwan was chosen 
in 1995 as the permanent Home for Helwan 
University, a national institution with over 102 000 
students and 60 000 employees, staff and academics 
(El-Dars et al, 2004).   
 
2.2. Sampling  

The suspended particulate matter were collected 
through glass fiber filters of Whatmann GFA type (12 
cm in radius) with 99% collection efficiency 
(Hassan, 2006) using medium volume samplers. The 
average rate of sampling is 14-18 L/min. (0.014-
0.018 m3/min) for twenty four hour sampling 
occurred from 10 a.m. – 10 a.m. day by day per week 
at the investigated sites starting from December 2008 
to November 2009.  
 
2.3. AirQ2.3 Model Inputs (WHO, 2010) 
The programme needs the following data for running 
(Table-2): 
1. Introductory data. 
2. Pollutant data, in the current study particulate 

matter (PM) were used. 
3. Cairo city coordinates. 
4. Exposed population. 

5. Air Quality Data such as: annual mean, winter 
mean, summer mean, annual maximum, winter 
maximum, summer maximum (for each site). 

6. Calculate Relative Risk (RR) manually Using 
The Following equation:    

RR = exp [ B (X - Xo)]

B = 0.0006 - 0.0010 ( mean 0.0008)

X = annual mean concentration ( ug/ m3)

Xo = baseline ( threshold) concentration (ug/m3)

source: WHO, 2004

 
In this equation low, high and the mean value of 
constant B used the difference in concentration 
between annual mean concentration of 
particulate matter for investigated sites and 
limitation in Egyptian law 4 for year 1994. From 
calculation, we will get a low, high and mean 
relative risk for each site. 

7. Health data such as: health end point (hospital 
admissions respiratory diseases), baseline 
incidence (Ministry Of Health, 2009), relative 
risk (mean, lower and upper) from previous 
equation, scientific certainty of relative risk 
(choice unknown), calculate impact of 
concentrations > 10 ug/m3, calculate impact 
estimates to estimate number of excess cases for 
mean, lower and upper relative risk.  

 
2.4. AirQ2.3 Model Outputs 

AirQ2.3 model estimates impacts such as: 
Estimate number of cases per 100000/year for each 
concentration range and each relative risk for each 
site and calculate particulate matter 2009 hospital 
admissions respiratory diseases. 
 
3. Results and Discussion 

Table (3) shows the descriptive statistical 
analysis of SPM concentrations at sites-1 (North 
Shoubra El-Kheima), sites-2 (South Shoubra El-
Kheima), sites-3 (North Helwan) and sites-4 (South 
Helwan) during the period of study. This table clearly 
indicates that the concentrations of SPM vary from 
season to another. The maximum concentration of 
SPM was 76155 g/m3 at sites-4 (South Helwan) 
during winter season. While, the minimum value of 
SPM was 22830 g/m3 at site-1 (North Shoubra El-
Kheima) it was measured during summer season. 
The higher concentration of SPM during winter than 
summer season may be attributed to relatively low 
wind speed and higher frequency of inversions 
occurring in winter, leading to a decrease in the 
dispersion particulate matters. On the other hand, the 
high wind speed and higher atmospheric thermal 
turbulence due to high temperature gradients during 
summer season lead to increase the dispersion and 
dilution of SPM, in turn and the concentration of 
SPM was decreased. This result is in agreement with 
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Hassanien and Horvath (1995); Shakour and Zakey 
(1996); Khoder (1997); Saleh (2002); Ezoo (2006); 
Hassan (2006); El-Mekawy (2007) and El-Hashemy 
(2010).  

The current annual mean concentration of SPM 
is approximately more than 10.2 times the EPA 
yearly air quality standard for TSP, 75 g/m3 
(USEPA, 1974) and more than 8.4 times the 
Egyptian ambient air quality standard (90 g/m3, as 

annual mean, EEAA, 1994) (as shown in table-1). 
The high annual mean concentration of SPM is 
attributed to local emission from the industrial 
processes. Studied areas were very close to the main 
road which is characterized by heavy traffic during 
the day hours with private and commercial cars, 
lorries, busses, microbuses beside auto exhaust.  
 

 
Figure (1): Investigated sites in Shoubra El-Kheima and Helwan areas in Cairo 

 
Table (2): Air-Q2.2.3 model inputs 

Input Data Value 

Country name Egypt 

City  Cairo 

Year  2008 - 2009 

Pollutant  PM 

Cairo coordinates Latitude 30.0833 and Longitude 31.2833* 

Exposed population 17290000 person* 

Cumulative concentration 0 to < 400 ug/m3 

Baseline incidence 4300 case per 100000 person per year** 

  (Source: * CAPMAS, 2011, ** Ministry Of Health, 2009)
 

Site-1 

Site-2 

Shoubra El-Kheima 
power plant 

Helwan power plant 

Site-3 

Site-4 
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Table (3): Seasonal and annual mean concentrations (ug/m3) for sites in Shoubra El-Kheima and Helwan 
areas during study period  
parameter Site-1 site-2 site-3 site-4 

Max. 
 

Win. 422 685 685 761 

Sum.  303 499 494 761 

Ann.  422 685 685 757 

Min. 
 

Win. 293 490 486 739 

Sum.  228 267 382 441 

Ann.  228 267 382 441 

Mean 
 

Win. 372 614 665 697 

Sum.  297 495 494 747 

Ann.  306 493 515 623 

St. Dev. 

Win. 34 71 86 55 

Sum.  30 66 56 153 

Ann.  49 88 100 120 

Relative 
Risk (RR) 

Ann.  
1.138 

(95% CI: 1.189-1.241) 
1.274 

(95% CI: 1.380-1.496) 

1.290 
(95% CI: 

1.405-1.530) 

1.377 
(95% CI: 

1.532-1.704) 

Site – 1: North Shoubra El-Kheima, Site – 2: South Shoubra El-Kheima, Site – 3: North Helwan, Site – 4: South 
Helwan. 

 
Table (3) also show a high concentration of SPM 

at Helwan (site-3 and site-4). The concentration 
ranged from 515 to 623 ug/m3. This high 
concentration of SPM might be attributed to the 
presence of three cement production factories, coke, 
iron and steel factory, nonferrous metallurgical 
factory in addition to many other industries in and 
around this area that emit large amount of fine 
particulate to the atmosphere beside thermal power 
station working by heavy oil as main fuel. These 
values are generally in a good agreement with 
Ibrahim (1992) and Hindy et al. (1990). 

Also, it is in agreement with Soliman and Borai 
(2001) and Shakour et al. (2001) who found that, the 
annual mean concentrations of TPM at Shoubra El-
Kheima were 762.2 g/m3 and 695.7 g/m3, 
respectively. While, this result is higher than that 
found by Khillare et al. (2004)  in India and Al-Masri 
et al. (2006) in Syria. 

The annual mean concentration of SPM reported 
in this study is similar to many Egyptian studies that 
found by Hassan (2000) Cairo city (399.7 ug/m3), 
Ibrahim (2000) Greater Cairo (297-560 ug/m3), 
Hassanein et al. (2001) Cairo city (397.0 ug/m3), 
Hassan (2006) Greater Cairo (654 ug/m3 during 
summer–769 ug/m3 during winter), Ezoo (2006) 
Sadat city (384.5 ug/m3), El-Mekawy (2007) Helwan 
city (438.5 ug/m3) and El-Hashemy (2010) in El-
Mansoura city (216.5 ug/m3). 

SPM Hospital Admissions Respiratory Disease 
at sites-1 (North Shoubra El-Kheima), site-2 (South 
Shoubra El-Kheima), site-3 (North Helwan) and site-
4 (South Helwan) during study period (Table-4). It 

indicated that the risk of SPM increased as SPM 
increase. Table (4) shows that the assessment of 
respiratory hospitalizations was 3.7% (95% CI 3.5 -
3.8%) at site-1, 4.0% (95% CI 4.0 - 4.1) at site-2, 
4.0% (95% CI 4.1%) at site-3 and 4.1% (95% CI 
4.1–4.2%) per 10 μg/m3 increase of SPM. This 
values are higher than those measured in Tallinn, 
Estonia 1.14% (95% CI 0.62–1.67%), in Shanghai-
China 0.23% (95% CI: −0.03%, 0.48%) and in 
northern China 0.036% (0.012–0.06%) (Wang and 
Mauzerall, 2006; Orru et al, 2009; Guo et al., 2009, 
2010a, b and Chen et al., 2010b).  

Several studies have examined the association 
between PM and respiratory hospital admissions. The 
respiratory hospital admission were estimated in 
different countries over the world: 2003 case in 
Malaysia, 1240 case in China, 8970 case in USA per 
100000 people (USEPA, 1997; Chen et al., 2002; 
Afroz et al., 2003; Wang; Mauzerall, 2006 and 
Fattore et al, 2011). 

Guo et al. (2009, 2010a, b) and Chen et al. 
(2010b) found that PM was significantly association 
with total respiratory hospitalization with RRs of 
1.14 (95% CI: 1.01, 1.29). And it was stronger in the 
cool season (from November to April) than in the 
warm season (from May to October).  

Table (5) reports a brief description of the 
locations of sampling points over the world, the 
obtained concentrations for particulate matter and the 
expected effects or risk results. 

In conclusion, this study is the first attempts to 
applied the Air-Q 2.2.3 model and the approach 
proposed by the WHO to provide quantitative data 
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on the impact of particulate matter exposure on the 
health of people living in Shoubra EL-Kheima and 
Helwan areas in Greater Cairo, Egypt. The results 
data are recommends using of these models for 
policy makers and regulations as it can be use for the 

local authorities to decide on the necessity of 
reclamation of the two sites and the level of priority 
of the intervention, with respect to situation of other 
polluted areas.  

 
Table (4): SPM Hospital Admissions Respiratory Disease at sites in Shoubra El-Kheima and Helwan areas 

during study period  

Site RR 
SPM 

Conc. (ug/m3) 
No. of excess cases per 100000 people 95% CI No. of Hospitalization 

S
ho

u
b

ra
 E

l-
K

he
im

a 

North (site-1) 

1.189 

250-299 1541.3 

3.5 - 3.8 
634135.2 

300-349 2875.8 

350-399 3451 

>= 400 3667.6 

1.138 

250-299 1461.8 

300-349 2727.6 

350-399 3273.1 

>= 400 3478.6 

1.241 

250-299 1591.8 

300-349 2970.1 

350-399 3564.1 

>= 400 3787.8 

South (site-2) 

1.274 

250-299 57.1 

4.0 – 4.1 
684044.3 

350-399 905.7 

>= 400 3956.3 

1.38 

250-299 58.4 

350-399 926.3 

>= 400 4046.5 

1.496 

250-299 59.2 

350-399 939.3 

>= 400 4103.1 

H
el

w
an

 

North (site-3) 

1.29 
350-399 1027.5 

4.1 
687168.8 

>= 400 3974.4 

1.405 
350-399 1050 

>= 400 4061.7 

1.53 
350-399 1063.9 

>= 400 4115.5 

South (site-4) 

1.377 >= 400 4052.9 

4.1 – 4.2 
700740.6 1.532 >= 400 4121.9 

1.704 >= 400 4164 
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Table (5): Quantitative relationship of short-term exposure to daily mortality 

Location 
24h exposure ( ug/m3) 

Results Reference 
TSP PM10 

Salt lake city, UK, USA - 47 - 297 
Significant increase in mortality (50 – 100 ug/m3) 
– 7.5% 

Pope, 1992 

Salt lake city, UK, USA - 47 - 297 
No Significant increase overall; some increase in 
the elderly 

Lyon, 1995 

Philadelphia, PA, USA <380 - 
7% increase in total mortality per 100 ug/m3 
Increase in TSP; weather, season in models 

Schwartz, 1992 

Philadelphia, PA, USA <380 - No Significant increase Li, 1995 

Steubenville, OH, USA <36->209 - 
4% increase in total mortality per 100 ug/m3 
Increase in TSP; weather, season in models 

Schwartz, 1992 

Athens - 78 – 306 
Significant 3.4%increase in mortality (50 – 100 
ug/m3) 

Touloumi, 1994 

San Jose and other CA areas, 
USA 

- <150 
0.12%increase in mortality per increase of 10 
ug/m3 PM10 

Fairley, 1990 

Los Angeles and other CA 
areas, USA 

- >100 
1.1%increase in mortality per increase of 10 ug/m3 
PM10 

Shumway, 1988 

Los Angeles and other CA 
areas 

>200 >100 No increase in total or cause-specific mortality Abbey, 1995 

Los Angeles and other CA 
areas 

- 58 – 177 No increase in total or cause-specific mortality Kinney, 1995 

St. Louis, MO, USA  - 28 – 97 
Significant 8%increase in total mortality (50 – 100 
ug/m3) 

Dockery, 1992 

Kingston, TN, USA  - 30 – 67 No significant increase in mortality Schwartz, 1993 

Birmingham, AL, USA  - 48 – 163 
Significant 5%increase in total mortality (50 – 100 
ug/m3) 

Schwartz, 1993 

Toronto, Canada  - 40 – 96 
Significant 2.5%increase in total mortality (50 – 
100 ug/m3) 

Ozkaynak, 1994 

Chicago, IL, USA  - 38 – 128 
Significant 2.5%increase in total mortality (50 – 
100 ug/m3) 

Ito, 1995 

Chicago, IL, USA  - 37 – 365 No significant increase in total mortality Styer, 1995 

Santiago, Chile  - 115 – 367 
Significant 2.6 - 7%increase in total mortality (50 
– 100 ug/m3) 

Ostro, 1996 

Beijing, China 108 – 350 - 
Significant doubling of respiratory disease mostly 
related to TSP 

Xu, 1994 
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