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ABSTRACT 

Efforts have been made to study the effect on Qatar atmosphere from the burning of Kuwait oil fields during the Gulf war. 
Analysis of suspended air particulates was done by X-ray fluorescence technique. Eight elements were detected in particulates 
collected before and during the war. These are AI, Si, S, Cl, K, Ca, Fe and Zn. Only the concentration of Zn and S was increased in 
samples collected after the burning of Kuwait oil fields. Nine other elements were traced in dust particulates with different concen
trations. These elements are Ti, V, Cr, Mn, Sr, Cd, Sb, Hg and Pb. Results were also compared with those from Kuwait oil and Qatar 
oil samples. 

INTRODUCTION 

Qatar is a peninsula of area about 11500 km2• It i~ situated 
on the western coast of the Arabian Gulf about 500 km south
east of Kuwait. The degree of air pollution in Qatar has not been 
yet studied. A considerable effort is needed to establish a data 
base concerning air pollution in order to develop a national air 
quality standard for Qatar. Suspended particulate matter in air is 
considered as a major pollution which can have considerable 
effects on health and environment. Some of these pollutant are 
generated in localized ti{ban areas while others can be carried 
from greater distances. Data on gamma background radiation in 
Qatar was previously established[l], moreover contamination 
of air quality from the Chernobyl accident was monitored in 
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Qatar[2]. The quality and pollution of air in the Arabian Gulf 
area has been studied by several authors [3-5]. The burning of 
oil fields in Kuwait has had a dramatic pollution effects on the 
whole area[6-ll ]. Smoked clouds as well as oil odors have been 
noticed in Doha air with different concentration degree. At that 
time ,the future effects of this pollution was very difficult to be 
predicted. 

Nowadays, some efforts are done to follow any possible ef
fects on the environment which could be attributed to the highly . 
polluted atmosphere during the war period. For these efforts data 
on the degree and nature of pollution during war are highly 
needed. No such data is available in literature for Qatar. 



Multielement analysis of suspended particulates in Doha 

This work, presents a search for toxic trace elements such as 
V. As, Se, Sb, Hg, Pb ..... etc. in some oil samples from Kuwait 
burning fields and in suspended particulate in Doha air before 
and during the Gulf war. 

EXPERIMENTAL TECHNIQUE 

X-ray fluorescence (XRF) spectrometer was used in the 
present work for the following reasons; a) The technique is swit
chable for large number of samples (up to 24 samples) auto
matically, b) It is a non destructive method, thus samples can be 
retained for further future study, c) It's delectability is-~ly 
uniform across the periodic table. All elements higher than Na 
can be easily analyzed. 
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Fig. 1: Block diagram of the XRF spectrometer. 

An ORTEC 6110 Tube Excited X-ray Florescence Analyzer 
TEFA was used for this analysis. Figure 1 shows a schematic 
representation of the major parts of the spectrometer. The exci
tation conditions can be varied by changing the anode voltage 
from 10 to 50 kV while the anode current can be changed from 
5 to 200mA. Two types of anodes W or Mo can be used. The X
ray from the excited tube can be directed to the sample through 
an AI or Cu filter if needed. The characteristic X-ray results from 
the sample are detected using a high resolution , low energy 
Si(Li) detector (FWHMis 165 eVat5.9 keY from Mn K.). The 
output of the detector is fed to a linear amplifier and 1024 chan
nels multichannel analyzer. Two different software packages were 
used for the analysis purpose. The first is an ORTEC XRF soft
ware ATAC[ 12] which provides a linear least square fit of ele
ment concentration versus florescence X-ray intensities (for dif
ferent excitation conditions). This program requires variety of 
standard samples for calibration purpose. The second software 
is a fundamental parameter technique FPT[l3]. This program 
can run without any standard. With this software, an unknown 
sample elemental composition is computed by theoretical predi
cation of characteristic line intensities from a computed repre
sentation of the X-ray output, from basic elemental coefficients 
and from a model of X-rays generation and interaction. The pro
gram can also run by either one dissimilar or one similar stan
dard. The dissimilar standard can have only one matrix. The 
similar standard can have a matrix similar to the matrix of the 

sample and could be used to analyze different samples in differ
ent excitation conditions. Table 1, shows the composition of a 
similar standard used in the present work. After the analysis of 
the standard sample , the net counts per second for each 
photopeak is computed and corrected for the detector efficiency. 
From the corrected counts per second and the concentration of 
each sample in the standard, a senstivity factor is derived and 
used to calculate the element concentration in unknown samples. 

Tablet 
The standard analysis report of FPT program, obtained using 

known concentration of different elements 

Elem.Conc. Line Measured Detector Predicted Sensitivity 
CPS· Efficiency Intensity Factor 

AI 7.34% Kal 61.73 64.35% 5.602E+00 1.7l3E+Ol (l) 

Si 9.26% Kal 127.32 75.48% O.OOOE-01 l.OOOE+OO (1) 

s 13.33% Kal 509.26 75.93% 2.690E+Ol 2.493E+OI (1) 

Ca 13.48% Kal 1266.82 90.81% 9.108E+OI 1.532E+OI (1) 
y 7.78% Kal 1674.22 95.78% l.liOE+02 1.575E+Ol (I) 

Cr 5.78% Kal 31.89 96.68% 1.099E+02 3.002E-Ol (1) 

Fe 5.12% Kal 1093.17 97.89% 1.382E+02 8.079E+OO (I) 

Ni 5.28% Kal 1573.67 98.62% l.964E+02 8.125E+00 (1) 

Zn 13.89% Kal 6649.33 99.07%! 6.134E+02 1.094E+Ol (1) 

Cd 7.49% Kal 501.08 91.65% 8.054E+01 6. 788E+OO (I ) 

Hg 10.13% Lal 1928.30 99.38% 1.972E+02 9.841E+OO (I) 

Pb 10.38% L<il 2786.50 99.46% 2.339E+02 l.l98E+01 (1) 

Sample Preparation 

Three types of samples were analyzed: 

1) Suspended particulate in air were collected on 10 em di
ameter filter paper using a high volume air sampler collector 
model 302 from (Nuclear Associates) . The samples were col
lected at several locales in Doha. Each sample was collected 
during a period of 6 hours with a flow rate of the order of 48.6 
m3/h. The filters were weighted before and after collection. The 
amount of dust collected in each filter was of the order of 0.04 -
0.06 g. The filter with the accumulated dust were exposed di
rectly to the X-ray beam without any treatment. 

2) Dust particulate were collected from air conditioning fil
ters ofQater University which is located about 15 km from Doha. 
Dust of weight 10 g was then pelletized at 20 kN/cm2• The pel
lets of 3 em diameter were exposed to X-ray beam for analyses. 

3) Oil samples from Kuwait oil field as well as from Qater 
oil field were prepared by putting one drop of oil in the center of 
the filter paper. Efforts have been made to distribute the oil drop 
to perform a homogeneous area of the filter. The filters were 
then analyzed by exposing them directly to the X-ray beam. 

Preparation of standards 

Two types of standards were prepared: 

1) Standards for filter paper samples: 

Salt solutions of known concentrations of each of the ele
ments : AI, Si, S, Cl, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, 
Br, Sb, Sr, Cd, Hg and Pb were prepared. Different ratios of 
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these solutions with known element concentration were then 
mixed together using a micropipet. One drop of the final solu
tion was put in the center of the filter paper and left to dry. 

2) Standards for pellets samples: 

Known masses of the above mentioned elements were mixed 
together very well and a sample of 10 g by weight was pelletized 
at 20 kN/cm2 having the same size and diameter as the sample of 
dust pellets mentioned before. 

RESULTS AND DISCUSSION 

Several runs have been taken to analyze each sample at dif
ferent conditions. The concentration of the elements present in 
each sample was estimated using both the FPT andATAC proce
dures and prepared standards . The average value of all these 
measurements was taken. The average percentage error is found 
to be 5 % of each value. The main objective of the study of oil 
samples was to identify the elements present in each sample, 
estimate their relative concentration and then search for the pres
ence of these elements in air filters used to collect suspended 
particulate in atmosphere and in the dust samples collected from 
the air conditioning filter during the war. Fig. 2, shows a typical 
spectrum of one of the dust sample. 
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Oil Samples 

1-KuwaitOll 

Table (2) summarizes the analyzed data of two oil samples. 
The first is crude oil sample from Burgan (I) and the second is a 
light oil sample from a refinery (API 30.6, Swt 2.46), <m. From 
the results one can reveal the following points: 

ca 
:0: 

. 

1) AI, Si, S, Cl, K,Ca, Cu, and Sr are present in both samples 
with relative intensities ranging between 0.1 %, to about 
88 % • The concentration of each element varies from 
sample to sample 

2) n, V, Fe and Se were found with relatively high concen
trations in the crude oil samples as compared to some 
part per million (PPM) in the light oil samples 

3) Br is detected in a relatively high concentration in the 
light oil samples (0.19 %) while no traces was found in 
the crude oil sample 

4) Some PPM of Ni, Zn, As •. Cd, Sb and Hg were detected 
in both samples 

5) No traces of Cr, Mn or Pb were detected in both samples 
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}<ig. 2: Typical spectrum obtained with the XRF spectrometer for a dust sample. 
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D-QatarOD 

Table (2) summarizes the analyzed data of a Qatar oil sample 
(Ill). Comparing these results with the results obtained from 
Kuwait oil we can reveal the following: 

'Thble 2 
Relative concentrations of different elements detected in oil 

samples from Kuwait (I & m and from Qatar (III) 

Samples 

Elements ICONC% llCONC% IIICONC% 

AI 0.11 1.25 0.47 
Si 2.06 18.37 0.00 
s 1.90 42.18 55.00 
Cl 88.05 32.52 30.29 
K 4.96 0.57 0.00 
Ca 2.07 1.15 0.37 
n 332 PPM 0.8 3.42 
v 251 PPM 0.11 818 PPM 
Cr O.OOPPM O.OOPPM O.OOPPM 
Mn O.OOPPM O.OOPPM 0.35 
Fe 330 PPM 0.17 1.85 
Ni 56 PPM 394 0.22 
cu 0.27 2.05 6.65 
Zn 47 PPM 245 0.27 
As 124 PPM 287 PPM 0.49 
Se 450 PPM. 0.29 0.66 
Br 0.19 O.OOPPM O.OOPPM 
Sr 0.12 0.33 0.64 
Cd l.OOPPM 145 PPM O.OOPPM 
Sb 39 PPM 424 PPM O.OOPPM 
Hg 108 PPM 759 PPM 0.22 
Pb O.OOPPM O.OOPPM 735 PPM 

1) Si, K and Cd are absent from Qatar oil samples. While Mn 
is absent from Kuwait samples. The presence of Si and K from 
Kuwait samples can be mainly attributed to the contamination 
of samples with sand and soil. Since only few samples from 
each country are analyzed, no conclusion can be drawn con
firming the existence or none existence of trace elements such 
as Sb or Mn in one country sample or another. 

2) AI, S, Cl, Ca, Ti, V, Fe, Ni, Cu, Zn, As, Sr and Hg are 
present in both samples. 

3) Although some traces ofPb are found in Qatar oil, no Pb 
was found in Kuwait samples. The possible toxic elements such 
as Hg and Cd are present in Kuwait samples only as PPM. 

Air Filters Samples 

Several air ftlters samples collected during the war were ana
lynd and compared with otherftlters taken before the war. Table 
(3) shows a sample of the results of analysis for two filters taken 
10 years before the war (samples A and B). One of these filters 
presents elements detected in air particulate collected from the 
atmosphere of Doha city while the second one presents elements 
detected in particulate collected at the sea shore near Al-Khor 

city about 50 km North of Doha. From these data, it is clear that 
the atmosphere was rather clean. AI, Si, S, Cl , K, Ca, Fe and Cu 
were present in both cities in concentrations ranging from ... 1 to 
... 37%. Zn was present in Al-Khor with concentration in the or
der of 2.18% while only some parts per million (PPM) were 
detected in Doha city. No Pb or other heavy trace elements were 
detected. 

Table (3) represents also the data for some samples taken 
during the Gulf war in February ·and March 1991. Comparing 
these results with those obtained ten years before the war, we 
can summarize the following : 

'Thble 3 
Relative concentration of elements observ~d in air ftlter 

samples collected from the atmosphere in Doha city before 
and during the war 

Samples 

Element A B c D E 

CONC% CONC% CONC% CONC% CONC% 

AI 5.70 2.68 1.71 3.41 4.89 

Si 19.98 11.44 5.34 7.40 16.39 

s 36.58 24.01 46.20 67.75 27.14 

Cl 1.01 21.28 29.85 9.46 18.90 

K 1.59 1.87 1.64 1.03 1.27 

Ca 31.94 35.31 13.56 8.45 29.23 

Fe 2.42 2.27 9.97 1.26 1.45 

Cu 0.76 1.14 0.29 0.26 721 PPM 

Zn 105 PPM 2.18 0.43 0.97 0.15 

A: sample collected on Feb. 1981 (Doha city) 
b : sample collected on Feb. 1981 (Ras Lafan) 
c : sample collected on Feb. 12 1991 (Doha city) 
D : sample collected on Feb. 24 1991 (Doha city) 
E : sample collected on Mar. 6 1991 (Doha city) 
F : sample collected on Mar. 17 1991 (Doha city) 

F 
CONC% 

2.50 
5.77 

58.53 
18.11 
1.23 

14.48 
0.81 
0.19 
0.38 

1- No other elements except the nine previously mentioned 
elements were detected. 
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2- Only the concentrations of Zn and S were increased . No 
other elements previously detected in oil samples were 
noticed. The high turbidity noticed in Doha atmosphere 
during Kuwait oil burning could be mainly attributed to 
volatile organic hydrocarbons. 

Dust particulate samples 

Dust particulate samples are expected to give more informa
tion about elements present in air particulate as compared with 
air filter samples. This is due to the fact that they are collected by 
suction by high air flow rate during long time reaching nearly 
one weak. In the present work , one sample was taken just before 
the burning of oil fields in Kuwait, and three samples were taken 
during March- Apri11991 (one sample is collected during March 
and two samples were collected during April). The analysis of 
the results show that in addition to the elements previously de
tected in air filter samples, nine other elements were detected in 
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the collected dust samples. These elements are TI, V, Cr, Mn, Sr, 
Cd, Sb, Hg and Pb. Table ( 4), shows the average concentration 
of each of these elements before and during oil fields burning. 

Thble4 
The average concentration of elements detected in dust . 

samples collected from the 'filter of air-conditioning in Doha 
city and not seen in air filter samples 

Element A B 

n 2.56 2.15 

v 7 PPM 6 PPM 
Cr 0.35 0.31 
Mn 0.56 0.47 
Sr 0.39 0.26 
Cd 13 PPM 14 PPM 
Sb 296 PPM 680 PPM 
Hg 48 PPM 44 PPM 
Pb 214 PPM 121 PPM 

A) average concentration % during burning of oil fields. 
B) concentration% before the burning of oil fields. 

CONCLUSibN 

The data presented in the present work could be considered 
· as the first step to establish a data base for air pollution in Doha. 
Although, the results presented in this work are not to be con- . 
elusive, however, some indications could be drawn. Compari
son between data on air quality before and during the Gulf war 
has shown that : 

1- There is an increase in Zn and S compounds. The increase 
in S could be attributed to the burning of the Kuwait oil 
fields. We can not define the origin of the increase of Zn. 
In fact only two samples from burning Kuwait oil fields 
were available in this study. These samples contain only 
some PPM's of Zn. Other Kuwait's oil fields could have 
higher concentrations of Zn. In addition , the increase in 
Zn might be due to Zn compounds particulates carried 
with smoke clouds passing through north of the country 
where Zn concentration is slightly high (Table 3). 

2- Except for Cr, the elements detected in the dust samples 
are present in the oil samples from Kuwait and/or from 
Qatar. The concentrations of these elements are small to 
notice any effect from the oil burning, (Table 2 and Table 
4 ). In addition, there is no significant difference in the 
concentration of those elements in dust samples before 
and during the oil burning. Moreover, the presence ofTi 
with moderate concentration might be due to air pollu
tion from the Qatar oil. 

3- One could conclude that the observed turbidity in Doha 
air was mainly due to volatile hydrocarbons. 
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