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1. Introduction
Atmos pheric conta mi na tion has become a matter of world- wide
concern, parti cu larly in the largest cities of the world. In ambient air,
heavy metals are present in form of particles and gases. These parti‐ 
cu lates are one of four cate go ries of air pollu tants, and most of them
are dange rous to human tissues and organs (e.g. respi ra tory system,
cardio vas cular system, nervous system, urinary system) (Xiong, 2015).
Their coating of surfaces (soil, water, air...) also led to conta mi na tion
of the food chain. The World Health Orga ni za tion (WHO, 2000) has
reported that approxi ma tely 4  % to 8  % of prema ture deaths are
attri bu table to expo sure to elevated levels of parti cu late matter in
ambient air. The impact of heavy metals varies accor ding to their
concen tra tion, toxi city and dura tion of expo sure. As more pollu tants
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accu mu late, their risks will be more serious (Mudri, 1993). In the
deve lo ping coun tries, the parti cu late matter forms the major contri‐ 
butor to air pollu tion and hence the pres sure to unders tand its
sources better (Terrouche, 2015).

In urban areas, unti mely discharges by the circu la tion of combustion- 
engine vehicles from commer cial auto mo biles and heavy- duty
vehicles are the main cause of air conta mi na tion. The emis sion
factors natu rally vary accor ding to the type of vehicles, fuel and
vehicle status (Oucher, 2010). Diesel vehicles and, to a lesser extent,
gaso line vehicles predo mi nantly emit very fine particles of size less
than 0.1 μm (Gertler, 2002).

2

In addi tion to the particles emitted from the exhaust, pollu tion by
road traffic also includes particles from road wear tires (a tire loses
about 10 % of his weight during his life time), brake pads and motors
(Fe, Cu, Cr…) (Oucher, 2010).

3

Several studies have been carried out on atmos pheric pollu tion by
heavy metals in the city of Algiers and show that there is a high level
of pollu tion (Oucher, 2010, 2015; Kerbachi, 1998, 2006; Belamri, 2010;
Yahiaoui, 2012; Laïd, 2006; Ali- Khodja, 2008). Road traffic is the most
impor tant source of these emis sions (Oucher, 2010). We may, from a
search for local infor ma tion by perfor ming a sampling of urban air,
show direct or indi rect influence of man on the modi fi ca tion of the
physi co che mical compo si tion of the air. The deter mi na tion of heavy
and toxic elements permits the study of their distri bu tions, the pollu‐ 
tion level as well as the risk assess ment in the inves ti‐ 
gated ecosystems.

4

Undoub tedly the most popular methods for this purpose at present
are atomic absorp tion spec tro metry (AAS), and induc ti vely coupled
plasma atomic emis sion spec tro metry (ICP- AES). The need for
exhaus tive the sample prepa ra tion for AAS and ICPAES has led to
increa sing interest towards energy disper sive X-ray spec tro metry
(EDXRF) in envi ron mental inves ti ga tions (Hou, 2000).

5

X-ray spec tro metry, in its various forms, is now a powerful, well esta‐ 
bli shed and mature tech nique for envi ron mental analysis. It is a non- 
destructive tech nique, it offers multi- element capa bi lity, economy,
high speed and easy opera tion and can be applied to any kind of
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samples, with suffi cient sensi ti vity for the deter mi na tion of many
trace elements (Melquiades, 2004).

The main aim of this work is to inves ti gate the seasonal distri bu tions
of total suspended parti cu late matter and their elemental contents
(Fe, Mn, Pb, Co, Ni, Cr) in the atmos phere of Frantz Fanon site, where
popu la tion density is high and is directly exposed to heavier traffic,
and to evaluate the contri bu tion of anthro po genic sources on the
levels of these elements.

7

2. Mate rials and methods
2.1. Study area

The present study was carried out in the center of Algiers, Algeria.
Algiers is an urban city located at 36°43’ North lati tude and 3°15’ East
longi tude. The present city of Algiers has expe rienced strong exten‐ 
sion geogra phi cally and demo gra phi cally. It has a popu la tion of over
five million inha bi tants. It is charac te rized by indus trial acti vi ties
(refi ne ries oil, mecha nical industry…) in addi tion to waste inci ne ra‐ 
tion opera tions as well as road traffic. More than a million cars come
in Algiers over 1.2 million circu la ting every day (Belamri, 2010).

8

In order to evaluate the heavy metal content in the atmos phere, the
Ministry of Envi ron ment, Terri to rial Plan ning and Tourism and the
Nuclear Research Centre of Algiers (CRNA) conducted since 2005 to
date almost a sampling campaign carried out at the sampling stations
located in Algiers center (the high Casbah) and the CHU Mustapha
Pasha sites.

9

The sampling site is located at the nuclear research centre (CRNA), on
the heights of Algiers (Figure 1) between two roads with high traffic
density (100 000 cars per day) (Belamri, 2010), thus the impor tance of
the number of vehicles that pass near the sampling site. Apart from
these two major roads in the vici nity of the site, there are no other
sources emit ting pollu tion. For this choice, it is impor tant to know
the total amount of pollu tion gene rated by road traffic in order to
take measures to reduce the risks posed by air pollu tion from auto‐ 
mo biles on human health.

10
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Figure 1. Air sampling area of the urban site of Algiers. 

Centre Zone d’échan tillon nage de l’air du site urbain d’Alger Centre.

2.2. Sample collection

Air Samples were collected from January 2009 to February 2010 at
the same time. The sampling was performed using a Gent Stacked
Filter Unit (SFU) sampler with air flow rate of 1.29 m /h. This type of
sampler, recom mended by the IAEA in Africa, has the advan tage of
being easy to use and very cheap, but do not have flow control, it
does not main tain a constant particle size cut (Zghaid, 2009). The
system is consis ting of cellu lose ester filters, Milli pore type (AA)
placed in cascade with pore sizes of 0.8 μm and diameter of 37 mm.
Measu re ments were carried out once per week for 72 hours dura tions
from 8�00-8�00 a.m of the next days. Sampling point is approxi ma tely
200 m above sea level.

11

3

2.3. Sample prepa ra tion and analysis

After sampling and to prevent outside conta mi na tion, samples are
stored until proces sing and analysis in sealed petri dishes and kept in
desic ca tors. Know ledge of the depo sited weight, the sampling time
and the average air flow rate are used to calcu late the concen tra tion
of parti cu late matter expressed in μg/m . For analy tical purposes, we
have prepared chemical stan dards from products of known purity, by

12
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Table 1. Summary of meteo ro lo gical para me ters during the study period

(January 2009 to February 2010). 

Réca pi tu latif des para mètres météo ro lo giques pendant la période d’étude.

Parameters

Seasons Rain (mm) Humi‐ 
dity (%)

Wind
speed (Km/h)

Tempe ra‐ 
ture (°C)

Winter Min 0 56 14 13
Max 9 84 36 20
Mean 5 75 20 16
Spring Min 0 58 12 17
Max 7 87 24 29
Mean 3 74 18 21
Summer
Min 0 45 16 27

Max 0.6 81 22 36
Mean 0.15 61 19 33
Autumn
Min 0 58 13 19

Max 12 89 28 34
Mean 3 68 18 25

acid or aqueous disso lu tion, depen ding on the sample to dissolve and
then we make the neces sary dilu tions. The concen tra tion of stock
solu tions is once diluted to make mixtures compa tible and non- 
interfering. We find the desired concen tra tions in 20  μl. These are
taken using a micro pi pette and depo sited on blank filters of the same
nature as the filters used for sampling, then, let them dry.

The analysis of trace elements was done using X-ray fluo res cence
spec tro meter (Epsilon 3 Model).

13

2.4. Meteo ro lo gical data

The general climate of Algiers city is cold, moist and rainy in winter,
high tempe ra ture, clear sky and rain less in summer. Meteo ro logy has
a signi fi cant role in the trans for ma tion and trans mis sions of pollu‐ 
tants. Table  1 summa rize meteo ro lo gical para me ters during the
period of the present study.

14

3. Results and discussion
A total of 37 samples were collected from 03/01/2009 to
25/02/2010. During this measu re ment campaign, the average aero‐ 
sols concen tra tions on seasonal basis show that the maximum levels
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Table 2. Seasonal varia tions in atmos pheric aero sols (µg/m ) and their

elemental contents levels (ng/m ). 

Varia tions saison nières des aéro sols atmo sphé riques (μg/m ) et de leurs compo- 

sants (ng/m ).

Seasons Number of samples TSP Fe Mn Pb Ni Co Cr
Winter Min 9 28 1493 47 230 39 2 3
Max 75 4808 158 398 204 20 18
Mean 51 2337 87 328 106 11 8
SD 14 401 20 15 114 7 1
Spring Min 9 36 1829 76 96 43 5 51
Max 100 6379 248 365 363 36 16
Mean 65 3803 139 217 169 17 9
SD 2 120 7 46 120 16 7
Summer Min 9 44 1566 80 108 89 6 2
Max 105 4848 185 539 764 151 16
Mean 79 3940 152 251 308 40 9
SD 41 1152 23 16 81 3 3
Autumn Min 10 36 188 14 17 43 4 4
Max 100 7202 245 675 261 44 15
Mean 54 3446 124 389 158 21 10
SD 13 2250 51 203 50 6 0
Annual Min 37 28 188 14 96 39 2 2
Max 105 7202 248 675 764 151 18
Mean 65 3425 126 269 185 23 9

were observed in sunny days (105  µg/m ) and the low levels in the
rainy days (28 µg/m ), this is consistent with the results reported by
Zghaid, Belamri and Moreno- Grau.

3

3

Table 2 shows the range and mean values of concen tra tions for aero‐ 
sols and selected heavy metals analyzed based on seasonal variations.

16

3

3

3

3

The highest average aero sols concen tra tion in the present study was
recorded in summer at 84 µg/m  since the soil particles become air- 
borne easily in summer (high tempe ra ture) (Al- Momani, 2005) and
low in winter (51 µg/m ) (Figure 2).

17

3

3
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Figure 2. Seasonal varia tions in the average of total suspended particulates.

Varia tions saison nières de la moyenne des parti cules totales en suspension.

The low concen tra tion in winter can be attri buted to wet depo si tion of TSP
caused by preci pi ta tion (rain fall), add to this the role of wind in disper sing
the particles away from the sampling site. The mean concen tra tion calcu‐ 
lated over all samples was 65 µg/m .
In the present study aero sols annual mean levels is below the Alge rian limit
value set at 80 µg/m , it is also much lower than the Moroccan stan dard
(200 µg/m ) and the Tuni sian limit value (80 µg/m ). This concen tra tion of
TSP in air not exceed the annual average of 60-90 µg/m  advises by WHO
and the Euro pean limit value (150 µg/m ) (Busheina, 2017).
Table 2 also shows the summary of mean seasonal varia tions in elemental
levels during the study period. We compared the average concen tra tion of
metals in airborne TSP with the Norm suggested by inter na tional orga ni za‐ 
tions. The inter na tional stan dards desi gned for atmos pheric Pb, Mn, Cr, and
Ni are 0.500, 0.150, 1.10 and 0.00038 µg/m  (WHO, 2000).
The highest amount of heavy metals was reached in the summer season,
except for lead and chro mium which are highest in autumn. This is contri ‐

3

3

3 3

3

3

3
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buted to the raise in human acti vi ties over the summer period leading to
parti cu late matter emis sion (Figure 3). The highest mean concen tra tion was
found for Fe at 3 425 ng/m . This result for iron was predic table, due to its
large amount in the earth’s crust. Mean concen tra tions of Pb (269 ng/m )
and Mn (126  ng/m ) were revealed to be inside the WHO and Euro pean
stan dards ranges. Based on the results obtained, the level of Pb in air
samples in Frantz Fanon site is brought about by fuel and motor oil combus‐ 
tion since gaso line still contains lead addi tives in Algeria (Terrouche,
2015).The main source of Mn is earth crust. During the present study,
average concen tra tions of Ni (185  ng/m ) and Cr (9  ng/m ) were higher
than those recom mended by WHO and the Euro pean commu nity. The main
emis sion source of Ni is auto mo bile exhaust fitted with cata lytic convertor
(Hassan, 2013). Chro mium is linked to emis sions from the brake lining mate‐ 
rials (Moreno- Grau, 2000). The average Co level (23  ng/m ) was 4 times
higher than the refe rence concen tra tion for inha la tion of 5  ng/m  (Cali‐ 
fornia Envi ron mental Protec tion Agency, 1997). The main source for this
element is lubri ca ting oils. These results agree with Gharaibeh (2010) who
found that the average elemental concen tra tions in parti cu late matter were
found to be higher in summer season.

3

3

3

3 3

3

3
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Figure 3. Varia tion of selected heavy metals concen tra tion accor ding to season. 

Varia tion de la concen tra tion des métaux lourds sélec tionnés selon la saison.

Table 3. Corre la tions matrix for the heavy metal concentrations. 

Matrice de corré la tion pour les concen tra tions de métaux lourds.

TSP Fe Mn Pb Ni Cr Co
TSP 1
Fe 0,68519201 1
Mn 0,63297028 0,95595847 1
Pb 0,04441925 0,45043997 0,36695501 1
Ni 0,36564793 0,38331484 0,49103878 0,01217079 1
Cr 0,20952448 0,40585905 0,38997711 0,04778444 0,03626706 1
Co 0,23491748 0,35389939 0,47644538 0,11773288 0,7704975 -0,0916472 1

3.1. Corre la tion coef fi cient analysis results

The corre la tion coef fi cient values between aero sols and their
elements content are given in Table 3.

18

Corre la tion analysis was conducted using the Pearson coef fi cient
method. Inter- element rela tion ships provide inter es ting infor ma tion
on the sources and path ways of the heavy metals (Lu, 2010). Signi fi‐ 
cant posi tive corre la tions were found between the concen tra tions of
aero sols and their compo nents as Fe and Mn.

19

This may be attri buted to the natural input of trace element and
aero sols in the atmos phere, as these metals are well known for their
crustal abun dance. A strong signi fi cant posi tive corre la tion was
observed between Fe and Mn (R =0.95), Ni and Co (R =0.77) indi ca ting
that both members may be from the same sources (crustal or
anthropic) or different sources with the same rate. Rela ti vely average
corre la tion between Mn-Ni, Pb-Fe was observed. No statis ti cally
appa rent corre la tion was found between the other elements, their
presence may be due to other factors or other sources.

20

3.2. Enrich ment factor

Enrich ment factors (EFs) can give an insight into diffe ren tia ting an
anthro po genic source from a natural origin.

21
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Table 4. Enrich ment Factors (EFs) of selected heavy metals. 

Facteurs d’enri chis se ment (EF) de métaux lourds sélectionnés.

Elements Enrich ment Factors (EFs)
Fe 1
Mn 2
Pb 302
Co 13
Ni 36
Cr 2

The enrich ment factor provides the number of times an element is
enri ched rela tive to the abun dance of that element in the refe rence
mate rial (earth crust). It was deter mined depen ding on the average
concen tra tion of elements mentioned by Mason (1966). Enrich ment
factors are clas si fied into 5 levels of conta mi na tion (Suther‐ 
land, 2000):

22

EF<2: anthro po genic enrich ment is consi dered non- existent or
very low

2<EF<5: mode rate enrichment

5<EF<20: signi fi cant enrichment

20<EF<40: very strong enrichment

EF>40: Extreme enrichment

In this work, crustal Fe levels were utilized as a refe rence for enrich‐ 
ment factor calcu la tion since soil is consi dered to be the most impor‐ 
tant source of Fe in aerosol (Table 4). Results for EFs are presented in
the follo wing table.

23

In aero sols samples from this study, metals with infe rior EFs are
Manga nese and Chro mium, thus repre sen ting metals that have its
origin from earth crust. The enrich ment factor value for Co was
13(<20), so Cobalt is consi dered to have a predo mi nantly non crustal
source. Nickel has very strong EF with maximum value of 36. The
high EF values for Pb indi cate that it is present in atmos pheric aero‐ 
sols in concen tra tion too high to be explained in terms of normal
crustal weathe ring process, this element is immen sely origi na ting
from the anthro po genic sources.

24
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Table 5. Particles matter (µg/m ) and heavy metals contents (ng/m ) in

different countries. 

Matière parti cu laires (μg/m ) et teneur en métaux lourds (ng/m ) dans diffé rents pays.

3.3. Compa rison to other studies

The compa rison will be performed with other coun tries located at
the Medi ter ra nean basin, among them, Morocco (Kenitra), Cairo
(Egypt), Libya (Zawiya City), Izmir (Turkey) and Carta gena (Spain) as
shown in Table 5.

25

From this Table, it appears that the mean values of atmos pheric aero‐
sols and heavy metal asso ciated with them in the study area were
lower, higher or similar to those detected in other coun tries. This
varia tion was probably due to the diffe rence in the traffic density,
indus trial acti vi ties and the inten sity of human activities.

26
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Country Site TSP Fe Mn Pb Ni Cr Co Re
Frantz Fanon,

Algiers (Algeria) Traffic Summer 79 3 940 152 251 308 9 40 Presen

Autumn 54 3 446 124 389 158 10 21
Winter 51 2 337 87 328 106 8 11
Spring 65 3 803 139 217 169 9 17

Didouche
Mourad (Algeria) Urbano industrial Summer - - - - - - - Al

Khodja
Autumn - - - - - - -
Winter 117 - 50 46 11 16 -
Spring - - - - - - -

Kenitra (Morocco) Traffic PM10 81 3 079 43 267 449 219 - Zghaid
Coarse 106 2 114 76 217 146 60 -

Fine 52 1 936 23 342 166 84 -
Cairo (Egypt) Traffic Summer 250 3 000 140 450 41 25 21 Hassan

Autumn 330 3 650 165 570 57 35 26
Winter 400 4 400 204 650 68 46 35
Spring 290 3 400 153 499 49 28 30

Izmir (Turkey) Urban Summer - 949 32 115 14 27 - Yatkin
Autumn - - - - - - -
Winter - 874 25 184 18 25 -
Spring - - - - - - -

Carta gena (Spain) Traffic Summer 97.5 - - 240 - - - More
Grau, 

Autumn 84.3 - - 220 - - -
Winter 86.8 - - 300 - - -
Spring 85 - - 260 - - -

Zawiya
City (Lybia) Traffic Summer 159 4 432 000 135 000 1 615 000 - - - Bushein

Autumn 198 - - - - - -
Winter 131 - - - - - -
Spring 239 - - -

4. Conclusion
The study of air pollu tion in Algiers centre at Frantz Fanon site
(CRNA) by total suspended parti cu lates matter and their elemental
contents is well defined. This through the results achieved after the
different analyzes by XRF spec tro metry for all sampled filters.

27

This study clearly showed that the air brea thed at Algiers city is
polluted. We found that the average concen tra tion of TSP (65 µg/m )
in the air not exceeded the WHO and annual average of the Euro‐ 
pean directive.

28

3

Seasonal varia tions for aero sols and heavy metals linked to them
were studied. The lowest average of aero sols level (51  µg/m ) was
found in winter, whereas the highest average (84  µg/m ) was
detected in summer. The whole heavy metals have reached their
highest concen tra tion for the summer period, except for Pb and Cr.

29

3
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ABSTRACTS

English
In this paper we applied the tech nique of Energy dispersive X-ray fluor es‐ 
cence spec tro scopy (EDXRF) (https://www.google.dz/url?sa=t&rct=j&q=&esrc=s&sourc
e=web&cd=10&cad=rja&uact=8&ved=0ahUKEwjhrsb7kdzLAhVHXhQKHaH_DjIQFghTMAk&url=h
ttp%3A%2F%2Fshimadzu.com%2Fan%2Felemental%2Fedxrf%2Findex.html&usg=AFQjCNG357
VrB3zLdcLzOM0LXJhJtrXaCw&sig2=7UByF3SNMD5k8QMrYsP1VA&bvm=bv.117868183,d.bGs)to
study the pollu tion levels of aerosol particles and heavy metals asso ci ated
with them (Fe, Mn, Pb, Co, Ni, Cr) in a site influ enced by the emis sions of
the road traffic in Algiers. Aero sols samples were analyzed for different
seasons from January 2009 to February 2010. Low volume air sampler was
used to collect the samples. The mean aero sols concen tra tions were
51 µg/m  in winter, 67 µg/m  in spring, 84 µg/m  in summer and 58 µg/m
in autumn. The concen tra tion of heavy metals in total suspended partic u‐ 
late matter (TSP) varies with weather condi tions. The meas ured elements
showed a strong seasonal vari ation, with the highest concen tra tion in
summer and the lowest in winter. The mean Ni, Co, and Cr levels were
higher than the proposed WHO and the European community stand ards.
Signi ficant positive correl a tion was found between the concen tra tions of
aero sols, Fe and Mn. The enrich ment factors with respect to earth crust
were invest ig ated to predict the possible sources of heavy metals in air.

Ambient air concen tra tions of Pb and Mn were rela ti vely small
compared to the WHO guide line values, while those of Ni, Cr and Co
were higher than the proposed WHO and the Euro pean Commu‐ 
nity standards.

The values of the enrich ment factor (EF) and the corre la tion coef fi‐ 
cient were calcu lated in order to deter mine whether the concen tra‐ 
tions of heavy metals obtained in aero sols are of anthro po genic or
natural origin. Results show that Fe, Mn, Cr come mainly from the soil
whereas Co, Ni and Pb are derived from anthro po genic sources.

30

In Algeria, gaso line still contains lead addi tives. To mini mize the
sources of that pollu tion, it is neces sary to put regu la tions requi ring
the presence of a cata lyst on all new vehicles with better supply of
unleaded gaso line and encou rage bi- fuel gaso line GPL or GNL.

31
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Français
Dans cet article, nous avons appliqué la tech nique de la spec tro scopie de fluo‐ 
res cence des rayons X (EDXRF) pour étudier les niveaux de pollu tion par les
parti cules d’aérosol et les métaux lourds qui leur sont asso ciés (Fe, Mn, Pb, Co,
Ni, Cr) dans un site influencé par les émis sions du trafic routier à Alger.
Les échan tillons d’aéro sols ont été analysés pour diffé rentes saisons, de janvier
2009 à février 2010. Un échan tillon neur d’air à faible volume a été utilisé pour
collecter les  échantillons. Les concen tra tions moyennes d’aéro sols étaient de
51 μg/m  en hiver, 67  μg/m  au prin temps, 84  μg/m  en été et 58  µg/m
en automne. La concen tra tion des métaux lourds dans les matières parti cu‐ 
laires en suspen sion totale (TSP) varie en fonc tion des condi tions météo ro lo‐ 
giques. Les éléments mesurés ont montré une forte varia tion saison nière, avec
la concen tra tion la plus élevée en été et la plus faible en hiver. Les valeurs
moyennes de la concen tra tion de Ni, Co et Cr étaient plus élevées que les
valeurs propo sées par l’OMS et les stan dards de la commu nauté euro péenne.
Une corré la tion posi tive signi fi ca tive a été observée entre les concen tra tions
d’aéro sols et les éléments Fe, Mn. Les facteurs d’enri chis se ment de la croûte
terrestre ont été étudiés pour prédire les sources possibles de métaux lourds
dans l’air.
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