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Abstract There is a need to recognize air pollu-
tion levels by particles, especially in developing
countries such as Jordan where data are scarce
due to the absence of routine monitoring of am-
bient air quality. This study aims at studying the
air quality in different locations at Irbid, Jordan
through the measurement and analysis of the time
series of black carbon light absorption coefficients
(Babs). Black carbon light absorption coefficients
were measured with a photoacoustic instrument at
a wavelength of 870 nm. The measurements were
conducted during July 2007 at six sites in Irbid
city, Jordan. Comparisons of black carbon con-
centrations at various locations were conducted to
understand where values tend to be largest. The
average value of Babs of all sites was 40.4 Mm−1.
The largest value of Babs was 61.2 Mm−1 at
Palestine Street which is located at a very crowded
street in a highly populated region in the city cen-
ter. The lowest value was 14.1 Mm−1 at Thirtieth
Street which is located at a main street in an open
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plain region in the east of the city. The black car-
bon light absorption coefficients fluctuate above a
background level (transported black carbon from
the neighboring states), which are almost identical
at all sampling sites. The light absorption coeffi-
cients will be used as a benchmark in later years as
combustion efficiencies and population patterns
change.
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Introduction

Air pollution caused by black carbon particles
has been a major problem since the beginning of
the industrial revolution and the development of
the internal combustion engine. Scientific publica-
tions dealing with the analysis of soot and smoke
date back as early as 1896 (Arrhenius 1896).
Mankind has become so dependent on the burn-
ing of fossil fuels (petroleum products, coal, and
natural gas) that the sum total of all combustion-
related emissions now constitutes a serious and
widespread problem not only to human health
(Gillmour et al. 2004; Gardiner et al. 2001; Parent
et al. 2000) but also to the entire global environ-
ment (IPCC 1996; Finlayson-Pitts and Pitts 2000).
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Absorption of solar radiation by black carbon
is expected to lead to heating of the atmosphere
since the light energy is converted into thermal
energy (Finlayson-Pitts and Pitts 2000). This is the
opposite effect of scattering of light by particles
into the upper atmosphere. This heating effect
would be expected to be most important in pol-
luted urban areas (Liu and Smith 1995; Horvath
1995). Black carbon aerosol light absorption
reduces the amount of sunlight available at the
surface to drive atmospheric circulation and
boundary layer development.

Jordan is a developed country facing a rapid
increase in air pollution levels as a result of rapid
increase in population and industrial activities.
Jordan excels in many fields, but unfortunately,
environmental studies are few. Air quality data
are scarce in Jordan due to the absence of routine
monitoring of ambient air quality. The purpose of
this manuscript was to study the air quality in dif-
ferent locations at Irbid through the measurement
and analysis of the time series of black carbon
light absorption coefficients.

These measurements were done in six different
sites in the city to obtain a snapshot of contem-
porary black carbon concentrations at varied lo-
cations in the city and for comparison with levels
at other locations in the world.

Irbid city, Jordan

Irbid is Jordan’s third largest city. It is the seat
of the Irbid Governorate. Irbid, the “Bride of the
North,” is considered as one of the most beau-
tiful Jordanian cities. Its population amounts to
255,083 according to the 2004 census (Greater
Irbid Municipality 2008) and is situated on a plain
land of 36.9 km2 which is 100 km to the north of
the capital, Amman. It is situated on the northwest
of the Hashemite Kingdom of Jordan, surrounded
by fertile agricultural lands from north, east, and
south. Irbid city is in a highland at an elevation of
620 m. It is the center of the most fertile agricul-
tural region in Jordan and is also housing a good
number of industries.

Irbid is also close to three neighboring states,
and there are no natural barriers to prevent pollu-

tant aerosol transport in the region. In fact, Irbid
is less than 70 km to the east of Haifa, 120 km
southeast Beirut, and 80 km south of Damascus,
and most of the wind blows from the west and
the north. This means that Irbid is downwind from
anthropogenic activities in the east Mediterranean
coast. Therefore, it is an ideal town to study the
regional impact of air pollution.

Materials and methods

Black carbon light absorption coefficients were
recorded with a photoacoustic instrument (Arnott
et al. 1999). It operates at a wavelength of 870 nm.
Data were displayed as absorption coefficients
in 1/Mm and were later converted to black car-
bon mass concentration. The photoacoustic in-
strument utilizes a microphone to record sound
issuing from heat transferred from light-absorbing
aerosol to the surrounding air. A power meter
records the laser power. The ratio of microphone
pressure and laser power is used to obtain the light
absorption coefficient. Photoacoustic instruments
have a very large dynamic range of measurement
and are not influenced by artifacts due to fil-
ter loading and scattering aerosol associated with
filter-based sampling methods (Arnott et al. 2005).

The experimental procedure in a simple way
is to install the setup of the photoacoustic spec-
trometer instrument and then collect data. The
instrument is controlled by a Labview program.
Before installation, the instrument should be lo-
cated in a well-ventilated area where the air could
be brought in. When it is ready to sample air, the
instrument inlet flexible tubing is connected to the
inlet of copper tubing so that an air sample can be
pulled in. This copper tubing was fixed to some
stable wall with its inlet open all the time during
sampling.

The light absorption measurements were per-
formed approximately every 2 min during the ob-
servational periods at six sites in Irbid city. These
sites are shown in Fig. 1:

1. Site 1, which is located at the City Center,
close to Palestine Street, is a very crowded
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Fig. 1 Map of Irbid city
showing the main streets
in bold lines. The
measurement sites were
labeled by asterisks

main street with heavy duty diesel buses and
automobiles. This site is a highly populated
region, having many stores and is crowded
with large buildings that give rise to urban
canyon effects on wind flow.

2. Site 2 is located at Shafeeq Irsheedat Street
(University Street), next to Yarmouk Univer-
sity. This street runs from south to north in the
southern part of the city.

3. Site 3 is located at Omar Al-Mukhtar Street
(Thirtieth Street); this street runs from south
to north in the eastern part of Irbid city.

4. Site 4, Irbid Industrial Craft City; this region is
located in the northern east part of Irbid city.

In this region, there are sorting scrap metal
yards, many mechanical shops, plastic waste
dumps, and factories related to recycled plas-
tic wastes. Four places were chosen from this
site to make the measurements as shown in
Fig. 2; these places were: 4a, which is located
to the east of the industrial city; 4b, which is
located to the north of the industrial city; 4c,
which is located to the west of the industrial
city at F. Dulgamoni street; and 4d, which is
located to the south of the industrial city at
Omer Ben Abd-Alaziz street.

5. Site 5, Al-Gour bus station, is a parking for
the public transportation where medium-duty
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Fig. 2 Map of the
Industrial Craft City
region in Irbid city
showing the measurement
sites 4a, 4b , 4c, and 4d

diesel buses travel between Irbid and the west
part of Irbid Governorate.

6. Site 6, Boushra bus station. It is a parking for
the public transportation where medium-duty
diesel buses travels between Irbid and the east
part of Irbid Governorate.

Results and discussion

Figure 3 shows a time series plot of the black
carbon light absorption coefficients (Babs) for the
measurements at site 1 in Palestine Street, which
was held on 9 July 2007 for the period of time

Fig. 3 Time series of
black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 1, which
is located at Palestine
Street in Irbid City
Center
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Fig. 4 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 2, which
is located at University
Street next to Yarmouk
University in south
Irbid city
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between 9:30 a.m. to 5:00 p.m. Babs had values
between 8.8 and 297.5 Mm−1, with average value
equal to 61.2 Mm−1. This measurement location
is a downtown shopping region, since this street is
at the center of the city crowded with automobiles
and there are many restaurants in this region. The
average value of Babs was large and comparable to
urban residential areas in large cities like Denver,
Colorado (Groblicki et al. 1981), Los Angeles
(Pratsinis et al. 1984), and the Pedregal site at
Mexico City (Eidels-Dubovoi 2002) which had
values of 66, 64, and 58 Mm−1, respectively.

The second measurement at site 2 was held
on 10 July 2007, for the period of time between
11:20 a.m. and 3:00 p.m., at the University Street.
This street is crowded with automobiles. This
region is crowded with restaurants and shi-sha
(Hookah) cafes. Babs had values between 10.8 and
219.2 Mm−1, as seen in Fig. 4, with an average
value of 58.6 Mm−1. This value again was compa-
rable to the absorption coefficients in the urban
residential values in large cities.

The third measurement was at site 3, which
was held in 11–12 July 2007 at Thirtieth Street.

Fig. 5 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 3, which
is located at Thirtieth
Street in the east part
of Irbid city
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Fig. 6 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 4a, which
is located at the east
part of Irbid Industrial
Craft City
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Thirtieth Street is a street that goes from south
to north in the east part of Irbid city. In the west
bank of this street, there are many restaurants,
but the east bank is an open flat area. People usu-
ally go there to relax, eat, and smoke hookah on
summer nights. Figure 5 shows a time series plot
of the black carbon light absorption coefficients
for 24-h measurements. According to the values
of the absorption coefficients in this measurement
site, there are three distinct periods with different
absorption characteristics. The first period was
during the daytime (11:00 a.m. to 8:00 p.m.); at

this period, Babs has values between 4.7 and
74.1 Mm−1, with average value about 14.1 Mm−1.
The second period was at night from 9:00 p.m.
to 2:00 a.m.; at this period, the average value of
the absorption coefficients was large and about
34.5 Mm−1, with values ranging between 5.5 and
96.6 Mm−1. The last period was in the early morn-
ing time (2:30 a.m. to 6:00 a.m.); at this period,
the average value of the absorption coefficients
was very small, about 4.8 Mm−1, with values
ranging between 1.8 and 16.6 Mm−1. The values
of the absorption coefficients during the daytime

Fig. 7 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 4b, which
is located at the north
part of Irbid Industrial
Craft City
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Fig. 8 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 4c, which
is located at the south
part of Irbid Industrial
Craft City
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(14.1 Mm−1) is less than that of the first two sites
because this site is less populated than the others
and opened from the east side, but it still has a
lot of automobiles and restaurants there. For the
second period of time during the night, there are
heavy activities in this site, which release black
carbon in the air such as cooking in restaurants,

smoking Hookah, barbeques, etc; this why the
absorption coefficients were higher in this period
than the others. The last period is at night when
the local city is asleep and the activities were
minimal, and so the values of Babs were very small.

Site 4 was Irbid Industrial Craft City; this place
is located in the northern east part of Irbid City.

Fig. 9 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 4d, which
is located at the west
part of Irbid Industrial
Craft City
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Fig. 10 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 5, which
is located at Al-Gour
Buss Station
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As seen in Fig. 2, the measurements were done
in four places at this site: in the east, north,
south, and west parts of the Industrial Craft City.
Figures 6, 7, 8, and 9 show time series plots of
the black carbon light absorption coefficients for
the measurements at 4a, 4b, 4c, and 4d, which was
held on 16–19 July 2007 for the period of time
between 9:30 a.m. and 5:00 p.m. Babs had average

values equal to 15.3, 9.9, 28.5, and 74.2 Mm−1,
respectively. The second day of this measurement,
17 July 2007, was a windy day, so as expected,
the absorption values were lower than the others.
The measurements at 4d had the highest value
because this site is located on a very crowded
street, located to the west of the industrial city
where the direction of the wind is from east to

Fig. 11 Time series
of black carbon light
absorption coefficients
measured using the DRI
photoacoustic instrument
at the wavelength of
870 nm at site 6, which is
located at the Boushra
bus station
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Fig. 12 Chart of the black carbon light absorption coeffi-
cients and the black carbon mass concentrations at six sites
in Irbid city, Jordan during July 2007

west, so the aerosols travel with the moving air to
this site. The average value of Babs for all sites in
the industrial city is about 32.0 Mm−1.

The last two sites were at buses public sta-
tions: Al-Gour and Boushra bus stations. Al-Gour
bus station is located to the south of Palestine
Street, close to the city center (Fig. 1). Boushra
bus station is located to the south of Hashemi
Street, as seen in Fig. 1. The time series plots
of the black carbon light absorption coefficients
for the measurements of these two bus stations
were shown in Figs. 10 and 11, which were held
on 25–26 July 2007. Babs had values between
14.1 and 192.6 Mm−1, with average value equal
to 44.5 Mm−1 for Al-Gour bus station and val-
ues between 6.6 and 208.0 Mm−1, with average
value equal to 32.1 Mm−1 for Boushra bus station.

Al-Gour bus station is closer to the city center
and bigger than the Boushra bus station, and so
the number of vehicles and combustion activities
around Al-Gour bus station is greater than that of
Boushra bus station.

Figures 3, 4, 5, 6, 7, 8, 9, 10, and 11 show that
the black carbon light absorption coefficients fluc-
tuate above a background level, which are almost
identical at all sampling sites. This background
is due to the transport of black carbon from the
neighboring states, since Irbid is close to three
big neighboring states (Haifa 70 km to the west,
Beirut 120 km to the northwest, and Damascus
80 km to the north) and no natural barriers to
prevent black carbon transport in the region, and
most wind blows from the west and north.

Black carbon (BC) mass concentrations could
be calculated from Babs using the light absorption
efficiency for black carbon αa (Arnott et al. 1999).

Where

Babs
(
Mm−1) = BC

(
μg

/
m3

) × αa
(
m2

/
g
)

(1)

and (Arnott et al. 1999)

αa = 10m2
/

g for λ = 532 nm. (2)

Since Babs is proportional to λ−1 (Kirchstetter
et al. 2004); then αa is proportional to λ−1.

So:

⇒ αa (870nm) = αa (532nm)
(

870
532

)−1

= 6.11m2
/

g
. (3)

From Eq. 1:

BC (870 nm) = Babs (870 nm)
/

6.11. (4)

The calculated BC (Table 1) from the average
values of Babs for the six sites were: 10.0, 9.6, 3.1,
5.2, 7.3, and 5.3 μg/m3, respectively.

Table 1 Average values of black carbon light absorption coefficients and black carbon mass concentration at six sites in
Irbid city during daytime

Site no. Measurement date Location Babs(Mm−1) BC(μg/m3)

1 9 July 2007 Irbid City Center (Palestine St.) 61.2 10.0
2 10 July 2007 South Irbid (University St.) 58.6 9.6
3 11 July 2007 East Irbid (Thirtieth St.) 14.1 2.3
4 16–19 July 2007 Irbid Industrial Craft City 32.0 5.2
5 25 July 2007 Al-Gour bus station 44.5 7.3
6 26 July 2007 Boushra bus station 32.1 5.3
Average 41.2 6.8
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As a summary of this study, the black carbon
light absorption coefficients at six sites in Irbid
city were summarized in Table 1, with average
value equal to 40.4 Mm−1. Figure 12 shows a chart
of these values. From this chart, site 1 has the
largest value of Babs, and site 3 has the smallest
value. Site 1 is located in the city center where
there were greater combustion activities than the
other sites, a higher population density, and the
area is crowded with big buildings that restrict
ventilation. Site 3 is located in an open area, so
the emitted black carbon quickly disperses away
from this site.

Conclusions

The average value of the black carbon light ab-
sorption coefficients at six sites in Irbid City,
Jordan during July 2007 was equal to 40.4 Mm−1.
Site 1 has the largest value of Babs (61.2 Mm−1),
and site 3 has the smallest value (14.1 Mm−1). Site
1 is located in the city center where there were
greater combustion activities than at the other
sites, as well as a higher population density, and
the area is crowded with large buildings, so the
release of black carbon from combustion activities
can be trapped in regions with poor circulation.
Site 3 is located in an open plain area, so the
release of black carbon from combustion activities
could travel with the air away from this site. These
measurements serve to document black carbon
light absorption in Irbid city during July 2007 and
are a benchmark to be used in later years as
combustion efficiencies and population patterns
change.
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