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Abstract

In the present study, air samples have been collected from different areas
in Khartoum and River Nile States. Sample collection was perfbmred over
different periods of time (l-2 hours). The average elemental
concentrations for Ca, Cr, Fe, Co, Ni, Br and Pb have been determined
using energy dispersive X-ray fluorescence (EDXRF).The accuracy of
measurements has been investigated by using Standard Reference
Material (SRM) IAEA- Soil-7.
In Khartoum State, the average elemental concentrations of Ca, Cr, Fe.
Co. Ni, Br and Pb in the expected contaminated sites were 83.27,0.001,
36.12,  14.051 ,  0 .1,7.057 and 11.122 pglm3.  respect ive ly .  In  River  Ni le
State proposed contaminated sites the average elemental concentrations of
Ca,  Cr ,  Fe,  Co,  Ni .  Br  and Pb were 19.387,  < 0.001,  34.5,6.10,  < 0.1,
4.174 and, 1.415 ;rgirn3. respectively. The results shor,ry'ed that higher
values were found for the crustal elements (Ca, Fe) while lower values
were found for the elements emitted from other sources. Enrichment
factors were calculated for the elements which showed that the elements
Ca, Cr and Ni were not enriched, while Pb and Co were enriched possibly
through anthropogenic emission. A ratio of Br/Pb in aerosol similar to the
ratio in the petrol burned is indicative of a source of both lead and
bromine.
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Introduction
The concentrations of air pollutants are primarily a function of source
emissions and meteorological conditions, and they are closely related to
population density and land use patterns. Generally, there are more man-
made pollutants in the air near major cities and heavy industrial areas.
These air pollutants also interact with the surface water and soil; through
precipitation and dry deposition, they can cause water pollution and soil
contamination as well (l).
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Atmospheric deposition of airborne particulate trace metals is an
important pathway in the environment. Parlicles can be transported over
thousands of kilometers and trace metals originating from anthropogenic
emission can be detected even in remote areas. The size distribution is
specific for many elements occurring in the atmospheric aerosol. Elements
that originate from sea spray or from earth crust weathering occur mainly
in the coarse particle fraction (>lptm). Elements from anthropogenic
sources occur mainly in the accumulation mode of the aerosol (<1pm). If
emissions originating from both anthropogenic and natural origins are
examined, variations in the elemental size distribution; depending on the
occuffence of natural and / or anthropogenic sources in the vicinity of the
sampling location, will be expected. Regional differences in the size
distribution of trace elements thus reflect source and sink relationships in
the atmosphere(2).
Measurement of atmospheric environmental pollution is normally
performed by air particulate collection on membrane filters for posterior
analysis. An alternative for these measurements is the utilization of natural
biological indicators existent in these sites. For this, it is necessary to
collect appropriate samples and proceed with the analysis by means of a
suitable analytical technique (i).

This study was performed with the objective of determination of chemical
composition of atmospheric aerosol in Khartoum and River Nile States,
identification of main sources contributing to aerosol composition, and to
assess hazards associated to aerosol.
Air quality monitoring is used to determine quantities and types of
pollutant emissions, as well as any effects of such emissions on public
health and the environment. The results of the assessment can be used to
provide a basis for developing goals and objectives for the air resource
management plan, and permitting new source emission in areas under
consideration (l).

The monitoring of trace elements (TE) content in the atmospheric
parliculate may contribute to control and evaluation of the degree of the
air pollution and furnishes additional information for assessing the air
quality of our environment(a). Many TE of anthropogenic origin may
constitute a potential risk onto the population not only at level of threshold
concentration, but also in terms of prolonged exposure to low levels (s).
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Materials and Methods
Air samples were collected from different places in Khartoum State and
River Nile State. Sampling in Kliartoum State includes: bridges. Industrial
Area, streets. bus stations and reflnery areas. Sampling in River Nile State
includes bus station, River Island, and industrial area. The Table I shows
the sampling.
Helat khogali (Khartoum State) and the river island (River Nile State)
were selected as control areas because they are far away fiom possible
contaminated positions.
Air samples were collected at approximately 1.5 meter from the ground
level. The sampling periods were varied from sample to sample. The
sampling time ranged between one to two hours. An air sampler was
constructed to collect air-borne particulate matter where a vacuum pump
was connected to a filter holder. The filter chosen was nuclepore
rnembrane with a diameter of 47 pm and pore size of 0.45 pm. The
system was connected with a gas meter so as to measure the volume of the
air sampled.
XRF Measurements
Stock standard solutions of the elements to be investigated were prepared.
The elemental analysis of aerosol sample was carried out using EDXRF
Spectrometer. EDXRF provides a rapid and non-destructive method. All
measurement were carried out under vacuunt condition, each spectrum
was collected for a time of 1300s, using EDXRF (ED-2000)
Spectrometer with X-ray tube (40keV, 20mA) as a source of excitation.
The X-ray tube operated at 15 kV and current lmA. The characteristic X-
rays emitted from the sample were detected using Si(Li) detector with Full
Width at Half Maximum intensity (FWHM) equal 170 eV at 5.96 keV.
The software (X-PertEase) which is designed for full treatment dealing
with spectra was recorded (o).

In order to test the method for its accuracy, the International Atoniic
Energy Agency IAEA Standard Reference Material (IAEA-Soil 7) was
used as a quality control sample throughout the measurement period to
demonstrate the consistency of the analyical procedure. The mass
fractions of elements in the standard reference material rvere determined
and the cerlified values were compared with the measured values. The
measured concentration values were found to be in good agreement with
the certified values (Table3). The precision of the method was generally
better than 14Yo. The calculated minimum detection limits (MDL) of the
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elements were given in ng/m3 as indicated in (Table 2). The values were
obtained by analysis standards for 1300s with atube voltage of 15 kV and
a tube current of 1 mA. The standard's spectra were evaluated for
background area (B) and element's net peak area Q.{) was applied to
calculate MDL.
Results and Discussion
Elemental Concentration in Khartoum State:
Elemental concentrations in the air samples collected from the control and
contaminated areas together with their average levels are listed in Table 4.
The concentration of calcium in the exnected contaminated areas ranses
from 9.2 | to 322.92 Fg/mr with an average value of 83.27 pglmr. while ihe
concentration of the same element in the control area, showed a range
between 1.24 and 45.88 Lrg/m3 and an average value of 23.27 Fg/m3.
For the expected contaminated areas, the aerosol samples collected from
the Bahari Industrial Area recorded the highest concentration values,
while those collected from the Shambat Street recorded the lowest values.
Chromium, concentration in the expected contaminated sites was found to
be less than 0.001prg/m'in all samples, where as it was undetectable in
control area.
The concentration of iron in the expected contaminated area ranses from
30 to 56 p/m3 with an average of iO.12 1:,glm3 and from 30 to 3? ltglm3
with average value of 32.5 Vglmt in control areas. For the expected
contaminated areas, the samples collected from Bahari Industrial Area
recorded the highest concentration, while the samples collected from
Sudan Atomic Energy Commission SAEC, Shambat Street and Khartoum
Refinery recorded the lowest values.
The concentration of Co in the expected contaminated areas, ranges from
13.14 to 16.70 p,glm'with average 14.05 ltglm', while the concentration
of the sample element in the control area, showed a range between 2.18
and2.31 pg/m'and an average of 2.23 pglm'.
For the expected contaminated areas, the aerosol samples collected from
the Khartoum Refinery recorded the highest concentration value, while air
sample collected from SAEC recorded the lowest value.
Nickel concentration in the expected contaminated site was less 0.1pg/m3
in all samples, while this metal was undetectable in the control area.
The concentration of Bromine range from 6.17 to 8.22 Lrg/ml with an
average of 7.05 Vglm' in the contaminated areas. The highest
concentration was detected at Khartoum Industrial Area. while the lowest
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value detected at SAEC. In the control area, it was fbund ranges between
2.81 and 3.89 with an average 3.41 pg/m'.
The concentration of Pb in the expected contaminated areas ranges from
2.07 to 21.14 pg/m' with an average of ll.l2 Vglmt, and the
corresponding concentration in the control area ranges, from 0.00 to 6.23
pglmt with an average 292 p,glmr. For the expected contaminated areas,
the samples collected from Elthowra Street recorded the highest
concentration, while the samples collected from SAEC recorded the
lowest value.
Expected Contaminated Sites (Khartoum State)
Summary of statistical data were obtained for the expected contaminated
areas as well as the control areas. The statistics for different sites were
discussed below.
The data showed that the average concentration of Ca in expected
contaminated area is higher than three folds its average concentration in
the control areas. Cr concentration in Khartoum State is less than
0.001pg/m3, while the element was undetectable in the control sites. The
average concentration of Fe is approximately two folds its average
concentration in the control aerosol. Co is five-folds as higher in
Khaftoum State aerosol compared to its value in the control aerosol. Ni
showed average concentration less than 0.1 pg/ml while the element was
undetectable in the control area. The average concentration of Pb is higher
than three folds as compared to its concentration in the control area. Br
concentration is a little higher than two folds its average concentration in
the aerosol control area.
It is reasonable to conclude that the Khartoum State aerosol is
contaminated with the elements Ca, Fe. Co, Br and Pb. In general it is
clear that the aerosol of Khartoum State is dusty because of the high
concentration values of Ca and Fe. The data indicate that Khartoum State
is contaminated with the Br and Pb and the reasonable explanation for the
high lead values is the use of leaded petrol in','ehicles.
Control and Contaminated sites in River Nile State
A summary of statistical data was obtained for River Nile for both
contaminated as well as the control areas. A correlation between the
elemental concentrations in aerosols collected from the control and the
expected contaminated sites is listed in Table 5.
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Correlation
Correlations between concentrations of certain elements can be used as
indicators of specif ic pollut ion sources(t).
Control site Pair wise correlation was performed for the control site. lron

is correlated with calcium and cobalt, possibly because of common origin,
which is likely to be soil dust. On the other hand, Br was correlated with
lead as they may originate from other source.
Sudan Atomic Energy Commission (SAEC) The correlation coefficient
data showed that Ca, Fe may have been originated from the same source
as they are well correlated. Br and Pb are likely responsible for
contamination SAEC aerosol and may be originated from other source.
Streets The data suggest that Ca and Fe may be emitted from the same
source. This indicates dusty atmosphere of streets.
Industrial area Ca is correlated with Co. The data showed that Fe have a
common source, probably dust. These elements are certainly contaminated
the industrial area aerosol.
Bridges Pair wise correlation was performed for the bridges sites and the
data showed that the elemental concentration of Ca is correlated with Fe.
The data suggest that Ca and Fe may emit from the same source. These
elements are certainly contaminated the bridges aerosol.
Bus stations Ca is correlated with Fe. Br is correlated with Pb and Co.
The correlation coefficient data showed that Br and Pb may originate from
the same source.
Refinery Ca is correlated with Co, which in turn, correlated with Br. Br is
correlated with Pb and Cr. The data suggests that the elements are
certainly contaminated the refinery. The refinery atmosphere is dusty,
which is inferred from the high correlation between Ca and Fe and high
concentration of these elements. Co and Pb may originate from other
source. The correlation coefficient values between these elements indicate
that there is more than one source contributing to the measured
concentrations.
Enrichment factor Table 6 shows concentration of the elements
compared to crustal abundances from Mason (8). Th. enrichment factor
(EF) is the enrichment of the element in aerosol compared to that in
earth's crust, using Fe as a reference element. An enrichment of unity
indicates a soil-derived element, whereas elements derived from high
temperature combustion processes will be more volatile and have
enrichment factors significantly above one. In order to get an indication
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about the presence of specific source, it is clear from the table 6 that EFs
are close to one which indicate soil dust as their main source. In case of
Co and Pb the EF is quite high indicating that their emission source is
anthropogenic. The soil derived elements are well correlated with Fe
(correlation coefficient above 0.8) whereas the non-crustal elements listed
above, particularly Pb, was poorly correlated with Fe.
Br/Pb ratio Br and Pb in ambient air are widely acknowledged to
originate from the combustion of leaded petrol. In this study Br and Pb
were tbund to be enriched in the aerosol. The presence of Pb and Br in
urban areas usually related to the automotive exhaust. In our samples we
observe strong association of these elements with each other and Br/Pb
concentration ratio was found to be close to 0.410, whereas for pure
gasoline emission this ratio is 0.386. It appears that vehicular traffic is the
main contributing source of lead pollution in study area.
World Health Organization (WHO) air quality guidelines As per the
(WHO) air quality guidelines the potential pollutants which are of concern
from public health point of view are Ni, Cr and Pb with the maximum
permissible limit of 0.5-1.0 .Fg/m' The ob^served concentrations of Ni, Cr
and Pb which are 0.4 prg/m', 0.003 pglm' and 0.147 tr:,glmr respectively
are lar below the maximum permissible limits and hence are not likely to
have any adverse effects on human health.
Comparison of average elemental concentrations between this study
and data from literature Table 7 compares results from this study with
previous data from different areas. Generally, the average concentrations
of calcium were higher in UK. 

'furkey 
and this study than the values in

USA and Barcelona. Cr concentrations in the USA, Barcelona, S. Korea
and Hamburg are less than the concentration in Spain, Portugal and this
study. The concentrations of iron in the USA, Barcelona, S. Korea and
Turkey as higher as in the Portugal, Spain, Hamburg and this study. Co
showed an average concentration that is similar in Hamburg and this
study. The average concentrations of nickel in Hamburg, Barcelona, S.
Korea and Turkey were slightly higher than the corresponding average
concentrations in UK, Spain, Portugal and this study. This study and
Hamburg were recorded the highest concentration while the Portugal area
recorded the lowest values. The average concentration of Pb is higher in
Hamburg, USA. Barcelona, and S. Korea, Turkey and this study than the
average concentrations in UK, Spain and Portugal.

427



Conclusion
o In this study Br and Pb were found to be enriched in the

aerosol. A ratio of Br/Pb in aerosol similar to the ratio in the
burned petrol.

o Ca was found to be the major emitted element from Buhrri
industrial area site. Fe. Co. Br and Pb were also emitted from
this site.

. Fe is the major emitted element from Omdurman industrial
area site, wliich also emitted Ca, Co, Br and Pb.

o The major emission of Pb was observed at Elthora Street.
o Co is the major emitted element from refinery site, which also

emitted Ca, Fe. Br and Pb.
o The major emission of Br was observed at Khartoum industrial

area site.

Recommendations
o The results of the assessment can be used to provide a basis for

developing goals and objective for the air resources management plan,
and pennitting new source emission in areas under consideration.

o Health care for employment is demanded
o Indoor sites must be improved by ventilation.
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Table 1: Sampling sites, volume, and sampling duration

Location
Location
Symbol

Volume
of air
sampled
in 0iters)

Sampling
duration
(hours)

Number
of
Samples

Atomic Energy
Commissiorr
(Khartoum)

SAEC 11925 I2 l

Abu Jenzeer Abu. J 910 I
Elthowra Street Th.  S t 930 I

Omdurman Industrial
Area

O. I .A 990 1

El morda Street M. St 930 I
Cober Station Co .S 845 I
Bahari .  Stat ion B.S 3065 1

J 3
Bahari .  Industr ial

Area
B.  I .A r 930 2 2

Blue N i le  Br idse B.N.B 990 2 2
Cober Bridse C.B 890 2 2

Old White Ni le Bridse o.w.N.B 740 2 2
New White Ni le

Bridee
N.W.N.B I 890 2 2

Atornic Energy
Commission (Souba)

SAEC 2770 3 3

Khartoum lndustrial
Area

K.  I .A 970 I

River Ni le Bridse R . N . B I  860 2 2
Elhoria Bridse E.B 960 I

Khartoum Refinerv K.R 3928 3 .5 J

Rive r Island (Kqnoor) Kn
I  i 380 1 4 . 5 t0

Industrial urea
(Atsbaro)

AT
l  7580 t5 l 0

Bus stations (Balmri) B-
r 0760 l l 8

Shambat Street Sh.  S t 3020 3 a
J
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Element Ca Cr Fe Co N i Br pb

Concentration(ppnt) 60 60 60 60 60 60 60
Area 248 1290 I  340 t420 127 50 150 100
Background 520 500 509 500 850 50 30
Detection Limits 16 .55 3.03 2.083 0 .41 8.48 9 .85

Table 2: Detection limits obtained for the elements in ng/m"

Table 3 Accuracy results using SRM (IAEA-Soil7)

Table 4: Correlation between the
aerosols collected from
(Khartoum State)

elemental concentrations (pglm3) in
the control and contaminated sites

Element Ceftified

ValLres + SD

Measured

values + SD

Ca (%) 16 .3  (1s .7  -  16 .3 ) 15 .5  +  3 .9

Cr (pprn) 60 .0  +  2 l  . 0 51 .6  +  13 .8

Fe (%) 2.s'7 (2.2s -2.63) 2 .39  +  1 .6

Co (ppm) 8.9 + 9.6 7.9 + 6.4

Ni(pprn) 26.0 + 6.9 24.8 + 5.25

Br (ppm) 7 .0+2 .8 6.6 + 2.4

Pb (ppm) 60 .0  *  13 57 .0  +  8 .2

Elernent Min .
Concentration

Max.
concentratiorr

Average.
concentration

Cont Com Cont Com Cont Com
Ca 1 .24 9 .21 45 .88 32292 23.21 83.27
Cr < 0.001
Fe 30 30 36 5 6 32 .5 36.12
Co 2 .18 13.14 2 .31 16.70 14 .05
Ni <  0 . 1
Br 2 .81 6.1 '7 3 . 8 6 8.22 t . 4  | 7 .05
Pb 0.00 2.01 6.23 21 .14 2.92 t1 .12
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Table 5: Correlation between the elemental concentrations (pg/m3; in
aerosols collected from the control and contaminated sites (River

ile State
Elenrent Min .

concentration
Max.

Cconcentration
Average.

concentration
Cont Com Cont Com Cont Conr

Ca 2 .41 1  1 .00 3.6s 31 . t4 2.49 19 .3  8
Cr <  0 .001
Fe 30 .0 30.0 30.2 47.0 30 .1 34 .5
Co 2 .18 4.60 z.zo 8,4 2.22 6 . 1 0
Ni <  0 . 1
Br a  a A 3 .12 3 . 8 9 6 .53 3 .56 4 .11
Pb 3 .63 3 .01 6.23 11.24 5 .10 7 .41

: Undetectable Cont: Control site Com: Contaminated site

Table 6: Crustal enrichment factors of trace elements

E,lement Ca Cr N i Co Pb
EF 1 .38 0 .16 ?.22 1.4 399.12

Table 7: Comparison of average elemental concentration (pg/mr) between
this studv and literature data

Study area Ca Cr Fe Co N i Br Pb

UK 0 .1  1 0.02 0.20

Spain pg/g 0.03 50 .9 0 .31 0.05

Portugal ng/m3 3.'7 820 4 .0 4 .7 26

Hamburg 1 8 . 6 41.9 8 .8 1 .6 t .5 11 .1

USA 1230 2 .6 1 1 4 1 .0 24.9

Barcelona 2250 6.0 890 7 .0 t 4 6

S. Korea 39.3 1517 42.6 175

Turkey 40.2 11 3438 39 l i l

This Study 94.05 <0.001 1 ^  i
J / . .+ 13.1 <0. I 3 .41 12.6

N
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