
Introduction

Industrial and automobile air pollutants are primarily
responsible for pollution that affects public health and,
secondly, for the degradation of monuments, the environ-
ment and the greenhouse phenomenon. Long-term fore-
casting for and control of air pollution is needed in order to
prevent the situation from becoming worse in the long run.

Such forecasting is especially important for children, asth-
matics and the elderly [1]. Today many hundreds of air
pollutants are identified but only the impacts of a small
number have been studied. Each pollutant has effects tar-
geted at health and the environment, acute effects in the
short run like asphyxia with CO and chronic effects in the
long run. Several studies carried out have shown a great
correlation between the strong levels of air pollution and
the mortality rate by respiratory and cardiovascular prob-
lems. The last years there have shown an increase in public
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Abstract

Out study was designed to investigate the levels of air pollutants in the environment of Bejaia (Algeria)

and the effects of meteorological factors.

The present investigation includes measurements of carbon monoxide, nitrogen monoxide and sulphur

dioxide during the period of March 2005 to December 2006. The measurements were realized near six pol-

luting areas: a heavy traffic area, a public discharge and 4 factories (wood, tar, cork, ceramic). We measured

simultaneously the emissions of the three pollutants at chimney exits and at different distances from the

sources. The regression between concentration and distance is an exponential decrease.

The amount of pollution in the chimney and in the immediate environment sometimes exceeds the

thresholds dictated by regulations. 

Meteorological effects are also studied. Pollutant levels have an inverse relationship to wind speed. Also,

the relationship of humidity with SO2 and NO indicate the ability of the acid gases to form sulphuric acid and

nitric acid in the atmosphere of Bejaia. The increase in ambient temperature causes a decrease of CO level and

an increase of NO and SO2 levels. The diurnal and seasonal variations of air pollution showed that measured

concentrations are strongly correlated with industrial activity and heavy traffic in the centre of Bejaia city.

Applying the Box-Jenking method to the measured pollutant concentrations during 2006, we established

a forecasting model for the following year.
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and government concern about air quality in urban cities.
Automobile traffic is one of the most important sources of
this pollution [2]. In urban areas, automobile exhaust emis-
sions are more important in road junctions, traffic jams and
narrow streets [3]. So we chose a road junction for our mea-
surements that include industrial and traffic pollutants. 

Bejaia is a coastal town in the centre of Algeria with an
area of about 10 km2 and has a population of 200,000 grow-
ing at a rate of 2.1%. In a precedent study, we showed the
influence of fuel (gasoline or diesel) used and the age of
vehicle [4]. 

The nature of the pollutants emitted by a source
depends on the reactions implemented and the environ-
mental conditions (temperature, relative humidity, etc.).
As chemical reactions depend on the ambient environment,
it would be interesting to see the variations of the concen-
trations of the pollutants according to meteorological fac-
tors. Several studies about dependence of air pollutant lev-
els on meteorological variables have been made in Italy [5],
Turkey [6], India [7] and Egypt [8].

Materials and Methods

We used 3 pollution sensors: HS 134 for the carbon
monoxide CO, MX21 for nitrogen monoxide NO and sulfur
dioxide SO2; and 3 sensors for meteorological factors: tem-
perature (LM 335Z), wind speed (propeller + dynamo), and
relative humidity (H100131). The suitable signal condition-
ers as well as the digital display on an LCD screen were con-
trolled by a microcontroller 16F877. We chose 4 factories, a
public discharge with daily incineration of domestic and
industrial waste (an average of 0.5 kg/citizen/day) and the
biggest crossroad (Daouadji) with  high traffic and pedestri-
an densities. We measured the pollutant concentrations near
the sources and at different distances away from them in
order to know the distribution pattern useful to the disper-
sion model. Table 1 shows the total emissions and the stan-
dard industrial emissions in Algeria.

We have measured the emissions just at the exit of the
chimney for the 4 industrial sources and near the discharge.
CO represents the maximum concentration for the dis-
charge, the wood unit, automobile traffic and tar unit. The
cork unit emits NO quasi exclusively while for ceramics the
distribution is balanced. The emitted concentrations largely
exceed the Algerian standard limits given in Table 1.

Results and Discussion

Chimney Height Effect

We measured concentration C0 of CO just at the source
(0 m) and at a distance of 5 m from source C5. The results
for the five sources, represented in Fig. 1, show that the
higher the chimney is, the dispersion of the pollutants is
more important. When the chimney is high, the plume sinks
down to the ground only after a long distance and after the
wind has ensured a better dispersion of the plume. The
decrease follows an exponential shape. The correlation
coefficient between C5/C0 and exp (-h) is 0.792.

Pollutant Dispersion

We measured the CO concentrations while moving
away from the source for the discharge and the wood work
until the limit sensitivity of the sensor. We also measured NO
at the cork work. The decreases are in the form exp (-D),
where D is the distance between the sensor and the source.
The correlation coefficients obtained are: 0.7266 for CO in
Boulimat, 0.5716 for CO in Transbois and 0.8867 for NO
in the cork work. Thus the model of dispersion of the pol-
lutants is rather close to the exponential model. 

Effects of Meteorological Factors

We have studied the effects of three meteorological fac-
tors (temperature, relative humidity and wind speed) on the
pollutant dispersion. These three parameters are the most
studied in the literature [7, 8]. With the realized mini weath-
er station equipped with sensors and a microcontroller, we
recorded the evolution of the three meteorological vari-
ables and the concentrations of 3 pollutants (CO, NO, SO2).
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SO2 PM NOx NMVOC CO

Automobile 4.16 8.71 123.63 249.6 996.6

Industry 44.85 1128.7 53.68 14.06 48.02

Waste combustion 0.21 3.32 1.22 8.95 17.44

Total 49.22 1,140.03 179.53 272.61 1,062.32

Emission limit (mg/m3) 300 50 300 150 150

Table 1. Air pollutant emissions (103 ton) in Algeria during 1995, and national limits.
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Fig. 1. Relative CO concentration C5/C0 versus chimney height
of the source.
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A correlation regression analysis was performed. With the
increase in temperature, the NO and SO2 levels increase
slightly while that of CO decreases. Fig. 2 shows the corre-
lations between CO, NO, SO2 and the ambient temperature
with respective coefficients of -0.361, 0.191 and 0.207. The
weak increase in NO can be explained by the secondary
formation of aerosols. With the temperature increase, CO
goes up more easily and its concentration on the ground
decreases.

For relative humidity, measurements gave a significant
positive correlation (R = 0.392) with CO, less significant
with SO2 (R = 0.166) and negative (R= -0.364) with NO.
With strong moisture, the increase in CO and SO2 concen-
trations could come from precipitation of air mass coming
from other pollution. When the relative humidity increases,
NO reacts with the steam (H2O + NO gives NO2 + OH),
then NO concentration decreases. 

For wind speed, the measured levels for the three pollu-
tants are inversely proportional to wind speed. The negative
correlation is even more significant when measurements
are taken upstream of the source. 

Diurnal and Seasonal Variations

Variations in pollution levels over a 24-h period at
Bejaia city show significant increases and decreases of pol-
lutant levels, which primarily reflects the interplay between
anthropogenic activity and daily climatic variations. With
regard to climatic changes during the year, Fig. 3 separates
average daily pollution levels for CO, NO and SO2 for each
month.

The major source for CO, NO and SO2 is fossil fuel
burning (combustion in motor vehicles). Because of the
low traffic in the night, the pollutant concentrations are
minimal. High levels of CO are strongly correlated with
heavy traffic congestion (peak hours). We find three picks
each day at 8.00 h, 13.00 h and 17.00 h. NO concentration
presents two peaks at 8.00 h and 18.00 h, while SO2 pre-
sents only one at 13.00 h. 

CO is maximal in summer in spite of higher tempera-
tures because of the heavy traffic during the tourism sea-
son in Bejaia city. On the other hand, NO is maximal in
autumn and winter because of low humidity and ozone.
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Fig. 2. CO, NO and SO2 concentrations vs. ambient temperature and relative humidity.
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The diurnal pattern of SO2 is characterized by maximum
concentration in the morning because of combinations of
anthropogenic emissions, boundary layer process, and
chemistry, as well as local surface wind patterns. 

These results are in accordance with those found by
Moreno [9]. 

Forecasting Model

With the use of the Box and Jenkins method [10], we
established a forecasting model for each pollutant. The
model choice is based on auto-correlations and partial
auto-correlations of observed data. Model validation is
based on the Student test for coefficients and residues
non-correlations (correlation coefficients ρ(εt, εs) = 0 if
t ≠ s).

For CO, the chosen model SARIMA(1,0,0)(1,1,0)12 can
be written in the following form:

Yt = 0.601Yt-1 + Yt-12 – 0.929Yt-12 – 0.601Yt-13 + 
+ 0.558 Yt-13 + 0.929 Yt-24 -0.558 Yt-25 + εt

...where εt is a white noise process.
Fig. 4 represents the measured concentrations during

2006 and the forecasted data in the first months of 2007
with a confidence interval of 90%.

For NO, the chosen model SARIMA(1,0,1)(1,1,0)12 can
be written in the following form:

Yt = 0.482Yt-1 + Yt-2 – 0.128Yt-2 + 0.128Yt-13 + 
+ 0.061Yt-13 + 0.128Yt-24 – 0.061Yt-25 + εt + 0.791 εt-1

And for SO2, the chosen model SARIMA
(1,0,0)(1,1,0)12 can be written in the following form:

Yt = 0.763Yt-1 + Yt-12 – 0.817Yt-12 – 0.763Yt-13 + 
+ 0.623 Yt-13 + 0.817 Yt-24 – 0.623 Yt-25 + εt
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Fig. 3. Daily variations of pollutant concentrations measured in Bejaia city during 2006.

Fig. 4. Observed CO concentration during 2006 and forecasts for 2007. 



Differences between measured concentrations and fore-
casted data in January, February and March 2007 are less
than 17% for all three pollutants.

Conclusion

The pollutants emitted by various sources are rather differ-
ent in kind and in concentration. The height of the chimney
influences enormously the dispersion of the pollutants, which
follows an exponential decreasing model. Atmospheric con-
centrations of the three pollutants in Béjaia city have been
found to be consistently higher than the permissible limits.

On the basis of the present study, it can be concluded
that wind and relative humidity are shown to be the most
important meteorological parameters influencing the
behaviour of air pollutants. Temperature has a weak associ-
ation with the concentrations of the pollutants, while the
wind and relative humidity influence dispersion and trans-
formation of the pollutants. Diurnal and seasonal variations
of air pollution showed that measured concentrations are
strongly correlated with industrial activity and heavy traffic
in the centre of Bejaia city. 
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