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ABSTRACT
In this study, the dust/particle fallout rate within the cairo central railway
station was investigated during the period from december 2003 till
november 2004. Results obtained indicated that the average particle fall-
out rate within the main station building was less than 10g/m2/month,
with its soluble portion exceeding its insoluble portion. Identification of
the main organic functional groups within the soluble portion of the
collected dust was conducted using FTIR technique. As well, selected
metal ion content (Ca 2+, Cu 2+, Cr3+, Fe3+, Mg +2, Mn+2, Pb+2, Se+2, Ag+,
V+5 and Zn+2) within the insoluble portions was analytically determined.
The data revealed that while the intensity of activities within the station
building had a notable impact on the recorded particle rate and its con-
tent, the effect of outside activities(heavy traffic and construction work)
was considerable noting the ambient and regional wind conditions. Mul-
tivariate cluster analysis of the measured parameter values showed a
strong dependency of both the soluble and insoluble components on the
extent of diesel fuel emissions therein. As well, it helped in the identifica-
tion of sources contributing to the measured metal ion content of the
insoluble portion of  dust.                        2007 Trade Science Inc. -
INDIA
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INTRODUCTION

Egypt has the first railway network in the Afri-
can continent that was commissioned in 1851 to link
Alexandria and Cairo overland by 1856[1,2]. Basically,
the Egyptian railway network was constructed along
the nile valley and the delta passing through the capi-
tal with extensions to the east and the west to con-
nect it with major cities and main locations[2]. The
original length of this network was 3600km, how-
ever, in 2002/03, it measured around 5000 km[1]

(Figure 1[3]). Evidently, the Egyptian national rail-
ways (ENR) is a vital commercial sector that serves
from 1.4 to 2.28 million passengers per day, 89% of
whom are students and civil servants[4]. As well, this
sector employs 25% of  the ministry of  transport’s
(MOT) working force[5]. In addition to that, it con-
veys an estimated 12,000 tons of goods per year[1,4].

Capacity wise, ENR has a passenger fleet of
around 3100 plain and air-conditioned coaches that
make up an equivalent of 1210-1315 train assem-
blies and provide for a daily seat capacity of around
630,000[1]. Trip-wise, this amounts to 460 million
trips and 800 million passenger miles annually(1480
million passenger km)[1,6]. Additionally, the ENR has
a cargo fleet of 10,600 carriages that provides space
for 40,000 tons of goods to be transported per year[1,4].
Moreover, ENR has over 761 locomotives all of
which were built abroad and all of which are above
40 years old[1]. This number includes 671 diesel-elec-
tric locomotives and several turbine-powered bi-di-
rectional train sets operating in 12 regions[6]. How-
ever, in 2007, the minister of transport declared that
only 300 locomotives of the 700 available were op-
erational because of the deficiency in the mainte-
nance infrastructure at the railways authority[5].

Historically, trains and railroad travel has long
been an object of fascination since their early days
of introduction into the modern world[7]. In view of
that, train emissions were not considered to have
any impact on either human health or the environ-
ment. However, recent studies have concluded that
locomotives were amongst the most dangerous air
polluting mobile sources that pose not only a serious
impact on human health but also the environ-
ment[7,8,9,10,11]. This is mainly because these engines

run on diesel fuel or petrol diesel, a mixture of  the
middle distillates or gas oils and residual oils[8,12]. Upon
combustion, diesel exhaust contributes a significant
amount of particulate matter, polycyclic aromatic
hydrocarbons(PAH), smog-forming nitrogen oxides,
sulfur dioxide, and global warming gases to the am-
bient levels[12,13,14,15,16,17,18].

Furthermore, recent studies evaluating the health
impacts from exposure to this PM-rich exhaust con-
cluded that human exposure to such a mixture was
responsible for high rates of mortality both at the
work place and outside it[11,19,20,21]. Moreover, this mix-
ture was found to contain a variety of  PAH and ni-
tro-PAH adsorbed to its particulates, the majority
of which are considered potentially carcinogenic for
humans[11]. Emission-wise, a diesel engine contrib-
utes 20-100 times more PM and NOx to the envi-
ronment than a gasoline-powered engine per km trav-
eled[8,14,22]. Furthermore, the combustion of  diesel fuel
was reported to contribute significantly to the ambi-
ent fine inhalable soot or particulate matter(PM) both
outdoors and indoors[23,24]. Subsequently, as the mo-
mentum of studies exploring the impacts of diesel
exhaust on human health was growing, environmen-

Figure 1: The egyptian railways network map[3]
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tal agencies in countries such as the US, Canada,
Europe and Japan were urged to set forth more strin-
gent standards requiring the reduction of PM emis-
sions from locomotives by 90%[9,18,25]. An additional
obligation set within these standards was to reduce
the burden of the NOx emissions resulting from die-
sel powered locomotives by 60% as it was impli-
cated in the formation of  secondary PM[13].

From a technical perspective, the impact of die-
sel exhaust was found not to depend only upon the
quality of the fuel used but also upon the degree of
utilization, the load and speed of engine[8,14,15,19,22,26,27].
Moreover, these impacts tend to be amplified the
longer diesel engines remain idle during their opera-
tion time[8,14,18,19,28] In specific terms, it was reported
that a locomotive that remains idle 75% of its op-
eration time consumes 27% of its fuel and produces
25% more of emissions[28].

Evaluation of dust fall and its content was re-
cently applied as a key parameter to evaluate the
impact of emissions on both commuters and work-
ers in railway stations[29,30]. With the above in mind,
the aim of this study was to investigate the particle
fallout rate and its content within the cairo central
railway station(CCRS)-central cairo-during the pe-

riod from december 2003 till november 2004 and on
a monthly basis. Dust samples were collected from
within the station and the major contents of the
soluble and the insoluble components were analyzed
accordingly. Analysis included the determination of
some selected metal ion contents and the identifica-
tion of the major functional organic groups present
within. Throughout the period of  study, observations
concerning the intensity and types of activities within
and outside the station premises were recorded. Me-
teorological data(Temperature, relative humidity%,
wind speed and direction) within the capital region
were also recorded for the entire monitoring period
and the findings were incorporated in the results in-
terpretation and evaluation thereafter.

EXPERIMENTAL

The study area:cairo central railway station
The study area, the cairo central railway station

(CCRS), is the largest passenger station in Egypt and
the center of the ENR network[2] (Figure 2). Origi-
nally built in 1856, it was reconstructed in 1892 to
incorporate architectural elements of the traditional
arabic style[31]. However, the building façade was re-

 

 

Figure 2: A map of central cairo indicating the coordinates of cairo central railway station (Aka ramesses
station) and the network of main streets in its immediate surroundings(Inset the station building)
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modeled in the same style later in 1955. Cairo’s main
station is also known as ramses station after the re-
location of ramses II statue in the square adjacent to
it in 1954[32].

Initially, the station was built with nine platforms
and a total length of 2,180 yards(About 2000m) and
was designed to handle over 10,000 passengers and
160 trains daily[2]. Today, it has 21 platforms and
handles both passengers and goods traveling along
this network daily. Activity-wise, indoors platforms/
tracks 1 to 5 handle the fast and slow traffic west of
the nile delta and further west. Tracks 6-13, north
of the old station building, receive incoming and de-
parting trains from upper egypt to Alexandria and
vice versa as they pass through the capital uninter-
rupted. Platforms numbers 18-21 are called the east
line and are located south east of  platforms(1-5) at
the extension of  platform 1. These platforms receive
traffic daily from the eastern part of the nile delta
and the canal region.

District-wise, the station is located in central
cairo, the heart of  the transportation center of  the
capital(Regional buses, microbuses and taxis). The
station is contoured from the east and south by the
high bridge of 6th of october that links the greater
cairo region suburbs in the west with downtown cairo
and giza city in the east. This bridge also connects
these western suburbs to the mehwar-26th july street
route, which ultimately links them to the cairo-
alexandria desert road, and the south and west bound
freeways. To its immediate southeast lies a high-rise
of  Egypt post administration and services(Central
postal customs depot) and the national postal mu-
seum. In front of its main entrance to the west lies a
bridge treaded by heavy traffic(Public buses and
microbuses) traveling to and from the northern dis-
tricts of shoubra and shoubra el-khiema. This road
ultimately connects to the Cairo-Alexandria agricul-
tural road, the western gateway to the main cities
within the nile delta. In addition to that, this station
lies on top of one of the 4 busy underground metro
stations intersecting the greater cairo metro lines.

In august 2002, the financial services annex
building of the cairo main station(South) was de-
molished in preparation for the construction of  a
multi level-parking garage to serve the area[33]. Al-

though there was a prolonged debate about the ob-
jective of  the project, construction on the 8-level
parking garage commenced in 2003 and ended in
2005. Ironically and after its completion, the egyptian
railways Authority announced that the new building
had to be removed because of safety reasons and
the 6th of  october high bridge. Consequently, the
entire building was demolished by the end of 2006
and in 4 months only.

Sampling period and procedure
The investigations within the cairo central rail-

way station(CCRS) were carried out during the pe-
riod from december 2003 till november 2004. Prior
to the installation of sampling apparatus, a pre-se-
lection survey of  the inside of  the station was un-
dertaken. Sampler setting points were identified as
the midway point along the 120-m long train plat-
forms for tracks 1-4 in the main station building.
These platforms receive a high turnover of  passen-
gers daily from alexandria and the west of nile delta.
As a precaution, the selected location had to be from
10-12m above the ground and away from the public
station entrances. Such a placement ensured that the
sampling apparatuses did not receive dispersed dust
from the station floors as well as they were not sub-
ject to tampering during the 12-month study period
plus being accessible for regular checkups and re-
placements.

Dust-particle fallout measurement[34,35]

Cylindrical glass containers with a circular open-
ing of 7.5cm diameter and a length two or three times
this diameter were utilized for dust sampling. In or-
der to avoid particle blowout and subsequent removal
by the wind, each container was filled with 500mL
of distilled water before setting it in the selected site.
After a period of 30 days, the container was removed
and replaced by a new water-filled container. Dust
fallout content was determined gravimetrically and
its amount was reported in the units of t/km2/
month(or g/m2/month). The content of the collect-
ing container and its washing were then analyzed
according to the scheme shown in figure 3[35].
Methods

Analytical procedures adopted therein for deter-



.92 ESAIJ, 2(2) June 2007Dust-particle fallout content within cairo central railway station

CurrCurrCurrCurrCurrent Rent Rent Rent Rent Research Pesearch Pesearch Pesearch Pesearch Paperaperaperaperaper

An Indian Journal
Environmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental Science

mination of the soluble and insoluble dust fallout
components were: gravimetric method, tarry matter,
extraction with carbon disulfide; ash and combus-
tible matter, gravimetrically evaporation of filtrate
after tarry matter extraction[35]. Selected APHA[36] ana-
lytical methods were utilized for the determination
of nitrates: UV spectrophotometric screening
method, sulfates: barium sulfate turbidimetric
method, chlorides: argenometric turbidimetric
method, selected metal ions(Ca, Cu, Cr, Fe, Pb, Mg,
Mn, Ni, Se, Ag, V, Zn): atomic absorption spectros-
copy. Ammonium content in dust was determined
using nessler’s reagent and potassium mercuric io-
dide reaction[37]. FTIR technique was used to deter-
mine the main functional organic groups present in
the soluble portion of the collected dust.

Statistical analysis and data manipulation
Multivariate statistical analysis(Cluster analysis)

of the obtained data was calculated using ‘statistiXL’
version 1.6 incorporated within microsoft excel
(Microsoft® windows98) software program. Cluster

analysis was performed using the ward’s method for
minimum variance(centroid) and the similarity coef-
ficient used was the square euclidean distance func-
tion. Hierarchal clustering of the measured variables
of sulfates, nitrates, chlorides ammonium, tar, ash
and combustible matter was performed as well as
for the obtained monthly metal ions content values.
Dendograms obtained from the analyses revealed the
degree of similarity between measured values and
parameters as well as groups of parameters and the
significance of the correlation.

RESULTS

TABLE 1(Figure 4) presents the mean monthly
data for pH, soluble and insoluble contents and to-
tal particle fallout rate of samples collected within
the cairo central railway station(CCRS) during the
period of study from december 2003 till november
2004. In general, the total particle fallout rate ranged
between 2.12-6.55g/m2/month, with higher rates
recorded during the months from february till july

Figure 3: Schematic diagram for the analysis of dustfall content[35]
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2004. The soluble and insoluble portions of the
sampled dust ranged from 1.55-4.35g/m2/month and
0.22-3.41g/m2/month, respectively. The recorded
pH ranged between 6.15-7.0, with the slight acidic

values obtained during the months of dec 03-january
04 and june 04 till october 04. A summary of the
average monthly meteorological data(Temperature,
%of wind speed and direction, maximum tempera-
tures, precipitation, and relative humidity %) com-
piled for the capital region during the period of study
is reported in TABLE 2.

The mean monthly values for the soluble dust
contents of Cl-, NH4

+, SO4
2- and NO3

- are shown in
TABLE 3(Figure 5). Results reveal that the chlo-
rides, sulfates and nitrates concentrations determined
ranged from 52-2095µg/m3, 2100-9850µg/m3 2100-
9850µg/m3 and 1433-9329µg/m3, respectively. Val-
ues for the ammonium content ranged between 4.0-
4010µg/m3, with a very significant increase of the
content recorded during the month of july 04. Re-
sults for the FTIR analysis of the soluble compo-
nent of the sampled dust are presented in TABLE
4. The data show the main organic functional groups
identified in the tested fractions and their infrared
absorption wavelength ranges and their respective
peak heights. Monthly values for tar, ash and com-
bustible matter content of the insoluble dust por-
tion are shown and illustrated in TABLE 5 and fig-
ure 6, respectively. Analytical results for the mean
monthly metal ion concentrations within the sampled

Month pH Soluble 
content 

Insoluble 
content 

Total 
particle 
fallout 

December 
03 6.23 1.9 0.22 2.12 

January 04 6.36 1.9 1.04 2.94 
February 
04 6.6 1.23 3.3 4.53 

March 04 6.7 3.78 1.92 5.7 
April 04 7.0 2.79 3.41 6.17 
May 04 6.9 1.55 3.35 4.9 
June 04 6.15 3.21 2.0 5.21 
July 04 6.17 4.35 2.2 6.55 
August 04 6.27 1.63 1.1 2.73 
September 
04 6.51 2.92 1.1 4.0 

October 
04 6.46 3.55 1.65 5.2 

November 
04 6.92 2.78 1.72 4.50 

TABLE 1: Average monthly pH and soluble content,
insoluble content and total particle fallout(g/m2/
month) of collected dust-cairo central railway
station(dec 03-nov 04)
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Figure 4: Mean monthly values for total dust fallout particle and its soluble and insoluble components(g/
m2.month)-cairo central railway station(Dec 2003-nov 2004)
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dust(Ca, Cu, Cr, Fe, Ni, Mg, Mn, Pb, Se, Ag, V and
Zn) are shown in TABLE 6.

Figure 7 depicts the dendogram obtained for the
hierarchal cluster analysis of the measured monthly
variables for the main soluble and insoluble
contents(Cl-, NH4

+, SO4
2-, NO3

-, tar, ash and com-
bustible matter) of the sampled dust. The dendogram

indicates the presence of 7 clusters that were ar-
ranged into two major groups based upon the degree
of  similarity. The results for the hierarchal cluster-
ing of the monthly metal concentrations(Ca, Cu, Cr,
Fe, Ni, Mg, Mn, Pb, Se, Ag, V and Zn) is provided in
the dendogram figure 8, which indicates the pres-
ence of  14 clusters grouped into two major factions.
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Figure 5: Monthly average chlorides, nitrates, sulfates, and ammonium contents (µg/m3) within the
sampled dust–cairo central railway station(Dec 03-nov 04)

Meteorological 
elements Month Dec 

03 
Jan 
04 

Feb 
04 

Mar 
04 

April 
04 

May 
04 

June 
04 

July 
04 

Aug 
04 

Sept 
04 

Oct 
04 

Nov 
04 

N 3 5 -- 19 -- 14 23 14 12 12 12 -- 
NNE -- -- -- -- 11 9 20 11 -- -- 11 -- 
NE 5 -- -- 14 15 -- -- -- 8 -- 14 8 

ENE -- -- -- -- -- 19 -- -- -- -- -- -- 
E -- -- 8 -- -- -- -- -- -- -- -- 5 

SSE -- -- 8 -- -- -- -- -- -- -- -- -- 
S -- 8 -- -- -- -- -- -- -- -- -- -- 

SSW 23 28 27 -- -- -- -- -- -- -- -- -- 
SW -- 14 19 -- -- -- 23 -- -- -- -- -- 
W -- -- -- -- 21 -- 14 -- -- -- -- -- 

WNW -- -- -- -- -- -- -- 10 -- 12 -- 7 
NW -- -- 23 -- -- -- -- -- -- -- -- -- 

Percentage of 
wind and 
Direction  
(Km/h *10 –3) 

NNW -- -- -- 18 -- 16 -- 12 14 10 -- 19 
Average of Max 
temperature oC 20.6 20 19.6 23.1 26.6 29.6 33.8 35 35 34 29.5 20.4 

Average of Visibility (Km) 9.99 8.6 9.25 7.9 8.9 9.9 9.99 9.325 8.32 9.325 9.325 9.19 
Average of relative humidity 
(RH%) 67 51.8 53.6 58 57.8 60 42.5 57 55.5 68.6 62.6 70.4 

Average of dew point (o) 7.6 5.1 5.5 10.5 10 13.4 14.3 19.3 19 18.1 16.6 8.8 

TABLE 2: A summary of  meteorological data recorded for the capital region during the study period
(December 03-november 04)
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DISCUSSION

Essentially, the main contributors towards the
measured particle fallout rate in this station are die-
sel locomotives as they traverse the tracks and re-

main idle during the loading and unloading of pas-
sengers between trips. Before departure, another lo-
comotive is brought to the rear of the train assembly
and the relieved locomotive retreats from the plat-
form to a nearby shed for a checkup in preparation
to switch roles with another incoming engine. Until
the mid of 2004, regular line haul engines were used
as switcher engines bringing in and driving out train
carriages from these platforms. However, after that,
smaller switcher engines were brought into service
to handle such operations throughout the station.

In order to account for the variations in the mea-
sured particle fallout rate(TABLE 1), observations
concerning the travel pattern and number of train
trips per month or season as well as other ongoing
activities in and around the station during the study
period were recorded. These observations indicated
that during the entire study restorations to the inte-
rior and the exterior of the station was undertaken
in preparation for the 150th anniversary celebrations.
Concerning the regular train travel pattern, observa-
tions indicated that during the day there were two

Month Cl - NH4 + SO4 2- NO3 - 
December 03 1320 20.0 2100 4771 
January 04 1269 4.0 3807 3336 
February 04 521 4.0 2883 2034 
March 04 1968 320 5062 9329 
April 04 1330 148 5071 5730 
May 04 1037 72 3162 2570 
June 04 1608 455 7292 4814 
July 04 1906 4010 7538 5757 
August 04 1180 1293 2884 1859 
September 04 2095 309 7674 3110 
October 04 2016 278 9850 3546 
November 04 1317 111 9433 1433 

TABLE 3: Mean monthly values for Cl-, NH4 +, SO4 2-

and NO3
- contents(µg/m3) in sampled dust-cairo cen-

tral railway station-(Dec 03-nov 04)

Peak height (P.H.= I0- I) 
Winter season 

(03-04) Spring (04) Summer (04) Fall (04) 
Wave 

number 
range  
(cm-1) 

Organic 
functional group 

Dec Jan Feb March April May June July Aug Sept Oct Nov 
4000-3700 OH water 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.2 1.7 0.0 0.0 0.0 
3700-3200 OH phenols and alcohols 3.9 2.9 2.0 3.2 0.7 2.0 2.5 2.7 2.4 2.2 1.2 3.6 
3000-2850 C-H and C ≥16 1.2 1.5 1.4 0.9 0.6 1.2 1.2 1.6 2.0 1.6 1.4 0.5 
2800-2400 NO and –N- 0.0 0.4 0.4 0.0 0.0 0.9 0.0 0.3 0.4 0.0 0.3 0.0 
1850-1700 C=O acids and esters 1.6 0.0 0.5 0.0 0.2 1.0 1.2 0.5 0.6 0.4 0.4 0.2 
1630-1600 Aromatic rings 2.8 0.0 1.6 3.6 3.2 2.0 0.4 0.0 0.0 0.0 0.0 4.2 
1580-1500 Ca organometallic 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 
1480-1460 -CH2 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 
1450-1390 CO3 3.0 0.0 5.0 2.1 3.1 3.1 2.1 4.7 4.0 4.6 4.6 4.3 
1380-1360 -CH3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1320-1100 Esters & alcohols 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.6 
1100-990 PO4 and SO4 0.0 6.6 4.9 6.0 4.1 2.7 6.3 7.5 7.3 6.8 7.2 7.5 
900-750 -C=C- 1.8 1.3 1.3 1.4 1.9 0.7 0.8 1.1 1.2 0.9 2.7 0.7 
730-710 R-C and C ≥ 4 0.0 0.9 0.7 0.0 0.8 2.9 0.4 0.6 1.0 0.6 0.7 0.7 
690-680 Cl 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.6 1.2 0.0 0.0 0.0 
640-550 R-X (halogens) 2.0 0.0 0.9 0.4 1.0 0.8 0.0 0.5 0.0 0.0 0.7 5.5 
500-400 -S- 0.4 1.2 2.0 1.8 2.3 2.0 2.8 3.3 1.2 2.5 2.6 3.4 

TABLE 4: Results of  FTIR analysis of  the soluble dust component indicating the main organic functional
groups detected, their relevant wave numbers ranges(cm-1) and peak height(P.H.=I0-I) for each determined
group per month and season-cairo central railway station-(Dec 03-nov 04)
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Figure 6: Mean monthly tar, ash and combustible matter content(Insoluble component)(g/m3) of  the
sampled dust-cairo central railway station(Dec 03-nov 04)
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Figure 7: Dendogram for hierarchal clustering of the soluble(chlorides, sulfates, nitrates and ammo-
nium) and insoluble(tar, ash and combustible matter) portion contents of  sampled dust using Ward’s
method for minimum variance(Dec 03-nov 04)

peak travel periods in which the number of incom-
ing and departing trains increased. These two peri-

ods coincided with the beginning of the workday
and its end. Schedule-wise, the end of december and
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beginning of january generally mark the end of first
schooling term, which is followed by a two weeks
recess ending the first week of  february. During march
04, a one-week holiday was observed because of
Eid El-Adha festivities. In this period, the number
of train trips increased to and from the capital as the
majority of cariennes traveled outside the city to visit
with families and/or to vacation destinations.

The regular train schedule was restored during
the months of april and may 04; however, there were

intermittent increases in travel frequency during this
period because of religious and official holidays
(Eastern christian easter, sham el-nessim and other
lunar calendar events). Nonetheless, the end of may
and the beginning of june mark the end of the aca-
demic schooling year and the second term final ex-
ams period. A subsequent increase in train trips was
recorded during the months of july and august as
they signify the peak holiday season. However, with
the beginning of the schooling year in the mid of
september, the regular travel schedule was restored
as students traveled towards their institutions within
the capital region. Finally, the fasting month of
ramadan was observed during the months of  october
and november 04. This period was generally charac-
terized by a reduced daily working hours schedule as
well as a decrease in train travel after sunset. Even-
tually, this month ended by a 3-4 day holiday period
of  Eid El-Fitr festivities that was observed in mid
november 04.

Generally, there are a number of  factors that in-
fluence the indoor concentrations of air pollutants[38].
In addition to indoor sources, these include outdoor
pollutant levels, the rate of exchange between the
indoor and outdoor air, and the geographical and
seasonal and diurnal variations. Concerning the in-
door sources, the impact of the increase in travel

Metal ions concentration (µg/m3) Month 
Ca Cu Cr Fe Ni Mg Mn Pb Se Ag V Zn 

Dec 03 12500 1187 11.0 375 0.0 23545 0.0 1850 41.5 130 0.0 2385 

Jan 04 12500 1417 14.5 875 0.0 38300 0.0 2620 50.5 10.0 0.0 550 

Feb 04 9700 831 7.0 1130 0.0 7600 0.0 600 86.5 5.0 0.0 610 

Mar 04 3335 80 2.0 4385 0.0 1345 0.0 2485 495 30.0 0.0 343.5 

Apr 04 2655 85 2.0 6335 0.0 1085 0.0 1960 415 4.0 0.0 387.5 

May 04 10060 195 1.0 15170 0.0 2760 0.0 450 1070 0.0 0.0 48.0 

Jun 04 3985 75 0.0 2325 50.0 917.5 5 2820 470 261.5 0.0 674 

July 04 2505 46 0.0 1715 75.0 805 10 6290 555 263 0.0 320 

Aug 04 12320 437 0.0 3910 700 3017.5 30 3550 205 120 0.0 1586 

Sept 04 1125 49 0.0 1095 6441.5 675 0.0 3060 0.0 51 0.0 330 

Oct 04 2100 80.5 0.0 1850 1307 895 0.0 3330 0.0 9.5 0.0 225 

Nov 04 13545 392.5 0.0 4225 198 3200 80 6450 0.0 0.0 24.0 830 

TABLE 6: Mean monthly metal ions concentrations(Ca, Cu, Pb, Fe, Ag, Ni, Mg, Mn, Zn, Cr, Se, and V)
(µg/m3) determined in dust samples-cairo central railway station-(Dec 03-nov 04)

Month Tar Ash Combustible Matter 
December 03 1.9 5.2 2.6 
January 04 6.3 27.8 11.6 
February 04 0.46 9.2 135.9 
March 04 11.3 45.7 21.3 
April 04 2.8 58.8 43.8 
May 04 8.8 123.8 19.8 
June 04 3.2 6.1 77.4 
July 04 2.5 3.0 91.8 
August 04 0.5 11.0 35.2 
September 04 2.6 17.2 24 
October 04 5.0 38.6 26 
November 04 1.1 52.1 23 

TABLE 5: Mean monthly tar, ash and combustible
matter(Insoluble component) (g/m3)-cairo central
railway station-(Dec 03-nov 04)
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frequency to and from the station was reflected by
the acidic pH associated with the dust collected during
the months of december 03-january 04 and june 04
till october 04(TABLE 1). Obtaining slightly acidic
pH values(6.15-6.17) within main locations/cities
in Egypt was attributed to the increase in diesel or
fossil fuel consumption[39,40]. On the other hand, varia-
tions in the measured pH and particle fallout rates
during the period from february to may 04 was at-
tributed to the prevailing khamasin sand storms,
which is accompanied by winds blowing from the
west and south direction[41]. During this period, near
neutral pH recorded was attributed to the neutraliz-
ing capacity of the alkaline component of the dis-
persed suspended particulate matter from soils[39]. In
effect, these winds traversing cairo city were consid-
ered an important factor in increasing the ambient
airborne suspended particles[40]. Conclusively, such
a natural incidence besides human related activities
around the country were responsible for increasing
of  the natural PM10 background value within Egypt
to around the national air quality limits of 70µg/m3

per day.
Moreover, wind and its directions were reported

to play a key role in the dispersal of air pollutants,
with the concentration of pollutant dispersed being
inversely related to the wind speed for ground level

sources[39]. In addition to that, turbulence around and
within buildings was considered an important factor
in controlling the extent pollutants’ dispersion. In
this effect, the impact of other activities within and
without the station building upon the sampled con-
tent cannot be overlooked given the monthly wind
conditions, as this area is covered by a hanging wedge-
shaped metal ceiling. Essentially, the motion of  ve-
hicles within the city streets was reported to have a
direct impact on the resuspension of particles and
dust therein[40]. Subsequently, contributions from the
heavy traffic commuting along the 6th of october high
bridge may be anticipated as the bridge crosses over
the tracks twice towards the east then closely con-
tours the building from the south and southwest (Fig-
ure 2). Such an impact may become significant as
the percentage of  northeasterly winds(N, NE, NNE,
ENE) increased during the period of study(TABLE
2). In addition, site observations indicated that some
street sweepers on this bridge section resorted to the
disposing of gathered dust either by feeding it into
the gaps between the bridge connecting joints or by
throwing some of  it over the tracks. This ultimately
may increase the amount of airborne suspended
particles(fine dust) around the eastern entrance of
the station.

Alternatively, as the percentage of  westerly
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Figure 8: Dendogram for the measured selected metal ions content and the insoluble component of
dust(tar, ash and combustibles) using Ward’s method for minimum variance-CCRS-(Dec 03-nov 04)
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winds(W, NNW and WNW) increased during the
months of april and june 04(21% and 22%,
respectively(TABLE 2)), the amount of total dust
collected significantly increased(6.17 and 6.55g/m2/
month, respectively). This may be attributed to the
wind aided dispersal of particulate matter resulting
from activities outside the building towards the west
and southwest directions and its subsequent infiltra-
tion through the ceiling structure. Such activities
included apart from the heavy traffic on the bridge
west of  the station, the construction of  a lane ex-
tension for the eastbound section of the high bridge
(west) and the mixing of  construction materials at
the garage site(south-west).

Interestingly, the natural dust deposition rate for
locations remote from air pollution sources in Egypt
was reported to be 0.1-0.25kg/m2/year(≈8-20.8g/
m2/month)[41]. As well, the background fallout rate
for the central cairo area was determined to be be-
tween 13.7-55.8g/m2/month[42]. In this study, the
total particle collected within the station averaged
4.54g/m2/month, which is considerably less than the
reported values. This and in western countries, an
area was considered clean if a dust rate of less than
10g/m2/month(or 30days) was measured[40]. On the
other hand, a recent study at the Rome and London
underground stations indicated that the dust collected
underground was higher than that collected from
above[29,30]. In these cases, contributions of dust from
the above ground activity was considered significant,
a fact that may require more investigations at the
underground metro station.

Evaluating the data obtained for the soluble and
insoluble components of the collected dust(TABLE
1 and figure 4), the results revealed that the range
for the soluble portion was slightly higher than that
for the insoluble portion(1.55-4.35g/m2/month and
0.22-3.41g/m2/month, respectively). As well, the
increase in the soluble portion content was more pro-
nounced during the months of  march-april, june-july,
and September to november 04, accordingly. As for
the measured monthly chloride content, the results
revealed that it averaged 1464µg/m3 with significant
increases in this content recorded during the months
of  march, june-july, september and october 04,
respectively(TABLE 3). Essentially, the main sources

of chlorides in the ambient atmosphere were identi-
fied to be gasoline and diesel exhaust[43]. The pres-
ence of trace amounts of organic halides(both chlo-
rides and bromides) in diesel fuel was reported to an
inherent characteristic(i.e. natural constituent) of the
original crude utilized[8,12,43]. Such an incident was
confirmed by the FTIR analysis data obtained dur-
ing this study(TABLE 4). With the information that
oil consumption contributes 0.2-0.5% of fuel con-
sumption within diesel engines[15,44], the increase in
chlorides exhaust emissions may be attributed to the
use of chlorinated waxes in diesel lube oils both as
pour point depressant(0.1-0.5%) and extreme pres-
sure additives(2-5%)[45]. A more serious health im-
pact of the presence of trace amounts of chlorides
in diesel fuel(≈0.9ppm) was reported because of its
potential role in the formation of  dioxins in the ex-
haust in the presence of copper organometallic
smoke suppressant additives[12].

Generally, particulates emitted by diesel engines
consist of a mixture of soot, smoke and tiny par-
ticles from sulfur dioxide(SO2), nitrogen oxides(NOx)
and ammonia(NH3)

[46]. Significantly, the annual sul-
fates of the sampled dust average exceeded that of
the nitrates content(5563 to 4024µg/m3, respec-
tively) (TABLE 3) with peak concentrations ob-
tained during the months of march-april 04, june-
july, and september-november 04, which corre-
sponded to the increase in train travel. As well, the
average ammonium content was 585.3µg/m3, with
higher values reported during the summer, an obser-
vation which in accordance with previous studies[39].
Generally, in Egypt, diesel fuel has an average 1.2%
sulfur content[41]. Nonetheless, the amount the die-
sel sulfate particulate and SOx emitted with the ex-
haust was reported to be directly proportional to the
fuel’s sulfur content[12,14,16]. As well, the inhalable PM10
and PM2.5 portion within the diesel exhaust was linked
to the increase in sulfate particulate emissions. In
addition, the use of smoke suppressing additives with
the diesel fuel tends to increase the particulate sul-
fate emitted with the exhaust[12,16], a fact that was
affirmed by FTIR data(TABLE 4).

Apart from being an end product of the com-
bustion of diesel fuel, the presence of nitrates and
organic nitrates in the exhaust may be attributed to
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the use alkyl or organic nitrates as cetane enhanc-
ers[8,11,12,14,16]. These compounds are used to improve
the self-ignition quality of diesel fuel on cold start-
ing and hence reduce the combustion noise and gas-
eous emissions. Such an additive was also reported
to help reduce the exhaust NOx content and the PM
associated with it[12]. In addition to that, amines and
other organic nitrogen compounds were added to
diesel fuel as detergents, anti corrosion agents, and
anti oxidants in order to improve the engine perfor-
mance as well as biocides to control micro-organism
growth during storage[8]. On the other hand, contri-
butions to the exhaust ammonium content may be
linked to the use of quaternary ammonium or amine
salts as dehazers additives with the fuel[8,12].

With respect to the insoluble portion contents,
results revealed that the inherent tar content aver-
aged 3.87g/m3; ash was 33.2g/m3 and combustible
matter 42g/m3(TABLE 5). Evidently, the hierarchal
clustering of the measured soluble and insoluble
portion contents versus pH(Figure 7) indicated the
presence of seven clusters that were grouped into
two main fractions(Group A and B) according to the
similarities in source. Group A comprised of two
minor clusters that revealed a strong dependency of
pH on tar, ash and combustible matter as well as a
strong dependency between chloride and ammonium
contents, both of which were significantly related.
Group B revealed an overall strong dependency be-
tween the measured sulfates and nitrates content that
was characterized by an overall dependency on the
clustered parameters in group A. Significantly, die-
sel particulate matter is the residue of fuel combus-
tion with elements from unburned fuel, lubricating
oil and pyrosynthesis during fuel combustion
adsorbed onto its surface area[8,11,47]. The incomplete
combustion of diesel fuel was reported to result in
the emissions of volatile hydrocarbons and low mo-
lecular hydrocarbons(PAH) and their derivatives
with the exhaust[11]. Tar emissions associated with
the diesel PM was reported to be dependent on the
coking tendency of the fuel[12]. As well, introduction
of lubricating oil into the exhaust comes from the
ability of fuel to dissolve and then volatilize the thin
film on the cylinder walls[12]. Partially burned lubri-
cating oil ash was reported to contribute around 40%

to the final diesel PM emissions[44]. One indicator
related to such an occurrence was reported to be the
presence of calcium organometallic compounds in
the emitted ash[12], a detail affirmed by the FTIR
data(TABLE 4). In fact, the presence of such a func-
tional group was indicative of the use of calcium
sulfonate(2500ppm) as a detergent with lube oil to
suppress the formation of  carbonaceous diesel par-
ticles[12,44]. With respect to the study data, FTIR analy-
sis indicates a sudden increase in the calcium orga-
nometallic functional group during the month of june
04. This may be attributed to the addition of smoke
suppressors and combustion enhancers to reduce the
formation of  carbonaceous soot at the onset of  the
hot summer season(Personal communication).

Generally, the performance of  a diesel engine
requires the use of a number of additives to improve
its operation and reduce the resulting emissions ac-
cordingly[8,12,14]. From the FTIR analysis data(TABLE
4), the results indicated the presence of phenolic and
alcoholic OH groups, which may be attributed to
the use of hindered phenols as anti-oxidant additive
in fuel and as pour point depressant in engine oil[8,12,14].
As well, the detection of alcoholic OH functional
group may be attributed to the use of polyethylene
glycol di-nitrate as cetane number improver[8]. Gen-
erally, the presence of  aromatic rings fraction in the
exhaust is considered an indication of the aromatic
hydrocarbon content of the diesel fuel used and its
cetane rating[12]. Fuels with cetane rating between
40 and 45 were found to have high aromatic hydro-
carbon content and a poor self-ignition quality[12]. In
this case, the national production standards require
the cetane rating for the diesel fuel to be between
45-46(Personal communication).

Other functional groups detected were esters,
which are compounds used as fuel anti-corrosion
chemicals, flow improver and cloud point depres-
sors[8,12]. The presence of organic NO and -N-func-
tional groups is indicative of the use of amines,
amides and imidazolines as anti oxidants, dehazers,
detergents and anti corrosion chemicals and as fuel
stabilizers and biocides[8,12]. The use of organic sul-
fates and phosphates compounds as detergents lube
additives and anti rust additives in diesel engines
was also being reported[45]. As well, phosphorous may
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be used as an anti-wear additive with engine oils[48].
Furthermore, the presence of  water in fuel may be
regarded as a minor contaminant that result from pro-
duction operations or storage conditions[12,49]. How-
ever, high water content in exhaust may be result of
coolant leak, prolonged idling of engine or its opera-
tion at low temperatures[48]. On the other hand, it
was reported that diesel fuel emulsions with water
produced less NOx emissions by means of lowering
the combustion temperature[49], such an incident may
be affirmed by the reduction of  nitrate content
(TABLE 2) as well as the presence of water OH
functional groups in the sampled particles during the
summer season(TABLE 4).

Regarding the metal content of the sampled dust,
the results in TABLE 6 indicated that the all through
the study period both the calcium and magnesium
contents averages were significantly in excess of all
the other measured ion contents(7419.2 and 7012µg/
m3, respectively). This may be attributed mainly to
the restoration works done throughout the building,
which involved the scarping of the stucco of the
walls inside and outside of the station. Such an oc-
currence was affirmed by a strong dependency be-
tween these two concentrations and their grouping
into one main cluster in figure 8. The use of metallic
additives containing calcium, magnesium, iron,
nickel, manganese, zinc and copper as metal deacti-
vators and catalyst reaction to control fuel instabil-
ity may contribute to the presence of these metal
ions in the exhaust and the resulting PM[8,12,44].

Individually, iron in exhaust is associated with
soot particles and was related to the rust formation
within the engine system[48]. Zinc was reported to be
used as an additive in lube oil[44]. As well, lead was
used as an additive in gear oil[48]. Vanadium and
nickel were present in heavy fuel as trace elements
or contaminants and chromium is used as a coolant
additive[48]. The presence of silver, nickel, and man-
ganese may indicate wear metals from engine units[48].
These metals in addition to selenium may originate
from the hazardous air pollutant content associated
with the base oil formulation of  lube oil[50]. Finally,
the hierarchal clustering of  these determined metal
values relative to the insoluble particle content re-
vealed a strong dependency of tar on the chromium,

vanadium, manganese, ash, combustible matter and
silver and selenium contents(Group 2), correspond-
ingly (Figure 8). Another dependency revealed within
this cluster was for these contents on the measured
nickel, lead and iron content, which affirms the con-
clusion that these elements were derived from one
source mainly engine operation and not the renova-
tion work carried out, as was apparent in the case of
Ca and Mg ion contents.

CONCLUSION

In conclusion, this study provided an insight as
to the ‘indoor’ air quality within one of the busiest
transportation centers in Egypt and in Africa, the
cairo central railway station. The data obtained in
this evaluation revealed that passengers, commut-
ers, and workers in this station might be subject to a
variety of pollutants emitted from the diesel loco-
motives. Activities around the station building from
mobile and stationary sources did have a notable
impact on the particle rate measured within the sta-
tion and its inherent content. These contributions
were dependent not only upon the intensity of ac-
tivities within and without the building but also upon
the prevailing weather and wind conditions within
the city. While within the context of  this study a
preliminary evaluation of the air quality conditions
within the station building was being assessed, it is
recommended that the study should extend to in-
clude the underground sections of the metro lines,
as their tracks and lines are closely intermingled.

REFERENCES

[1] [ESIS] Egypt State Information Service, Year Book,
(2003): Transport; www.sis.gov.eg/EN/Publica-
tions/226/538/565/566.htm, (2007).

[2] M.J.Irlam; Railways in The Nile Valley: Trains in
Modern Egypt, http://mikes.railhistroy.railan.net/
r050.html, (2007).

[3] G.Goldfinch; ‘The Independent guide to Egyptian
Railways’, www.egyptianrailways.com/timetables.php,
(2004).

[4] S.Nasr; Al Ahram Weekly, Egyptian Railways News
page, www.egyptianrailways.com/news.php. (2004).

[5] A.A.Namatalla; The Daily Star,



.102 ESAIJ, 2(2) June 2007Dust-particle fallout content within cairo central railway station

CurrCurrCurrCurrCurrent Rent Rent Rent Rent Research Pesearch Pesearch Pesearch Pesearch Paperaperaperaperaper

An Indian Journal
Environmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental Science

www.dailystaregypt.com/Dialy Star Egypt-Full
Article.htm, (2007).

[6] Seneca Group; Seneca Announces Participation in
Motive Power Study for the Egyptian National Rail-
ways. www.senecagrp.com/web/page/318/
sectionid/318/pagellevel/1/interior.asp., (2006).

[7] Environmental Defense; Diesel Locomotives, Smoke-
stacks on Rails, www.environmentaldefense.org,
(2007).

[8] [UNEP] United Nations Environment Programme;
Diesel Fuel and Exhaust Emissions: Environmental
Health Criteria 171, International Program On
Chemical Safety; UNEP, (1996).

[9] A.C.Matheaus, T.W.Ryan III; Investigation of  Diesel
Fuel Properties on Emissions, 03-9173; IRD, South-
west Research Institute, www.swri.edu/3pub/
ird2000, (2007).

[10] J.Kagawa; Toxicology, 181-2, 349-353 (2002).
[11] [NIEHS] National Institute of Environmental Health

Sciences; Diesel Exhaust Particulates: 11th Report on
Carcinogens (ROC), National Toxicology Program,
Department of  Health and Human Services, (2005).

[12] A.Faiz, C.S.Weaver, M.P.Walsh; Air pollution from
Motor Vehicles: Standards and Technologies for Con-
trolling Emissions; The World Bank, (1996).

[13] [USEPA] United States Environmental Protection
Agency; Regulatory Announcement: Final Emissions
Standards for Locomotives; Office of Mobile
Sources, Report No.: EPA 420-F-97-048, (1997).

[14] Chevron Products Company, Diesel fuels: Technical
Review(FTR-2), USA, (1998).

[15] [GTZ] German Technical Cooperation; 18-Railways
and Railway Operation; www.gtz.de/uvp/publika/
English/vol139.htm, (2002).

[16] [ADB] Asian Development Bank; 14. Policy Guide-
lines for reducing Vehicle Emissions in Asia: Diesel
Fuel; www.adb.org/documents/guidleines/
vehilce_Emissions/cf.ch04.pdf, (2007).

[17] M.M.Rhead, S.A.Hardy; Fuel, 82(4), 385-393 (2003).
[18] J. Scott; H. Sinnamon; Smoke Stacks on Rails: Get-

ting Clean Air Solutions for Locomotives on tracks,
Environmental Defense Organization, (2006).

[19] [NFESC] Naval Facilities Engineering Service Cen-
ter; Reviewed Interest in Reducing Diesel Engine
Emissions; Emerging Environmental Issues Topic
13, US Navy, (2005).

[20] F.Laden, J.E.Hart, A.Eschenroeder, S.J.Thomas,
E.Garshick; Cancer Causes Control, 17(7), 911-919
(2006).

[21] Montana Department of Labor and Industry; Die-

sel Exhaust: Health Hazards; Occupational Safety and
Health Bureau; http://erd.dli.mt.gov/safetyhealth/
brochures/dieselehaust.pdf, (2007).

[22] [MPCA] Minnesota Pollution Control Agency; Appen-
dix E:Diesel Engine Exhaust; www.pca.state.mn.us/hot/
legislature/reports/2001/at-appendix-e.pdf, (2007).

[23] J.Zhang, L.Morawska; Chemosphere, 49(9), 1059-
1074 (2002).

[24] A.A.El-Abssawy; IJEP, 19(6), 615-634 (2003).
[25] National Transport commission Australia; Scoping

Rail Environment Issues-Discussion Document, Land
Transport Environment Committee; National Envi-
ronment Protection Council, (2004).

[26] [NIOSH] US National Institute of Occupational
Safety and Health, Carcinogenic Effects Of Expo-
sure To Diesel Exhaust; Current Intelligence Bulle-
tins; www.cdc.gov/niosh/pub.html, (2007).

[27] K.Akihama, Y.Takatori, K.Nakatita; R&D Reviews
of  Toyota CRDL, 37(3), 46-52 (2002).

[28] United States Department of  Energy; Commercial
Success: Auxiliary Power Unit Cuts Emissions, Fuel
Use in Railroad Locomotives; Freedom CAR and
Vehicle Technologies Program, US Department of
Energy, www.eere.energy.gov., (2007).

[29] A.Seaton, J.Cherrie, M.Dennekamp, K.Donaldson,
J.F.Hurley, C.L.Tran; Occup.Environ.Med., 62, 355-
362 (2005).

[30] G.Ripanucci, M.Grana, L.Vicentini, A.Magrini,
A.Bergamaschi; Journal of Occupational and Envi-
ronmental Hygiene, 3(1), 16-25 (2006).

[31] Virtual Tourist, Cairo Travel Guide, Transportation,
www.virtualtourist.com/travel/Africa/Egypt,
(2007).

[32] A.Navarro; Giant Ramses Statue Flees Central Cairo
Pollution, Agence-France-Presse(AFP) http://
www.terradaily.com/reports/Giant_Ramses_
Statue_Flees_Central_Cairo_Pollution_999.html.
(2007).

[33] G.Shahine; Difining History, Al Ahram Weekly Online.
www.weekly.ahram.org.eg/2002/601/Egypt
Difining History.htm., (2007).

[34] Intersociety Committee, ‘Methods Of Air Sampling
and Analysis’, American Water Works Association
(AWWA), 3rd ed., James P. Lodge Jr. (editor), Lewis
Publishers, Inc. Michigan, WI, USA, (1989).

[35] [JICA/IPCE] Japan International Cooperation As-
sociation; ‘Industrial Pollution Control Engineering
(IPCE)’, KITA Group Training Course Lectures, June
14-October 21, 1993, JICA Kitakyushu City, Fukuoka
Prefecture, Japan, (1993).



Farida M.S.E.El-Dars et al. 103ESAIJ, 2(2) June 2007

CurrCurrCurrCurrCurrent Rent Rent Rent Rent Research Pesearch Pesearch Pesearch Pesearch Paperaperaperaperaper

An Indian Journal
Environmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental ScienceEnvironmental Science

[36] [APHA] American Public Health Association; ‘Stan-
dard Methods For Examination of  Water and Waste-
water’, APHA, 18th edition; Washington D.C., USA,
(1995).

[37] A.Vogel; ‘Textbook of  Quantitative Inorganic Analy-
sis’, 4th edition, Longman Group Ltd. New York,
USA, (1978).

[38] [WHO] World Health Organization; Guidelines for
Air Quality; WHO, Geneva, (2000).

[39] A.A.M.Daifullah, A.A.Shakour; AJREAM-RAGEE,
6, 32-43 (2003).

[40] [EIMP] Environmental Information and Monitor-
ing Program; Official Website, Egyptian Environ-
mental Affairs Agency; www.eeaa.gov.eg/eimp/
impactfromtraffic.htm, (2007).

[41] [EEAA] Egyptian Environmental Affairs Agency,
Environmental Action Plan, Cabinet of Ministers,
Egypt, (1992).

[42] [PRIDE] Project in Development and the Environ-
ment; ‘Comparing Environmental Health Risks in
Cairo, Egypt;’ USAID/Egypt project number: 398-
0365; 1-3, (1994).

[43] R.Westerholm, K-E.Egeback; Environ Health
Perspect, 102 (Suppl 4), 13-23 (1994).

[44] H.Jung, D.B.Kittelson, M.R.Zachariah; SAE Interna-
tional, 2003-01-3179; www.sae.org/technicalpaper,
(2007).

[45] A.N.El-Din; ‘Lubricating Oils Additives And An Out-
look On Fields Of Their Application And Manu-
facturing Them Regionally’; Paper 1 presented in
OPEC workshop (unknown).

[46] Environmental Defense; Dirty Air and your Health:
Smog and Soot, www.environmentaldefense.org.,
(2007).

[47] Environment Canada; ‘Locomotive Emissions Moni-
toring Program 2004’, Environmental Protection
Series (EPS 2/TS/19), Transportation Division, Clean
Air Directorate, (2005).

[48] Exxon Mobil Corporation; Exxgard 2000 Lube Oil
Analysis Program; Product Data Sheets, Exxon Mobil
Corporation www.exxgard.com, (2002).

[49] R.Dunn; ‘Diesel Fuel Quality and Locomotive emis-
sions in Canada’; Transport Development Center,
Transport Canada, Report No. TP13783E, (2001).

[50] Exxon Mobil Corporation; Volatile Organic Com-
pound (VOC) and Hazardous Air Pollutant (HAP)
content of  Lubes and Specialties; Technigram, DG-
250, TG090-001TECH; Exxon Mobil Corporation,
(2002).


