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ABSTRACT

Thepresent work isthefirst part of aninitiative to evaluate thetrace element
composition of atmospheric aerosols PM, . intwo different areas of Taif city,
Saudi Arabia. The influence of different inorganic matter on regional air
quality has been demonstrated. Atmospheric aerosols of PM, . from two
different sites (industrial and residential) of Taif were collected and analyzed
during June and July 2011. The industrial site was stuated at the famous
industrial areas in Taif whereas the residential site was situated at the most
crowded street in Taif, namely Television Street. Atmospheric aerosolshave
been collected on polycarbonate filters loaded inside a collection cartridge
inacycloneof PM, .. The duration of the collectionwas 24 hoursat air flow
of 3L min, Energy Dispersive X-ray Fluorescence (EDXRF) with Mo sec-
ondary target has been chosen for direct solid sampling analysis because of
the relative smplicity and the availability of the technique in many routine
laboratories. The use of Mo secondary target has a lot of advantages for
decreasing the continuum radiation coming form the x-ray tube. Quantitative
X-ray Analysis Software (QXASAXIL) has been used for the quantitative
analysis of the atmospheric agrosols PM, .. A certified reference material
(#2783, Air Particulate onfilter media, NIST, USA) hasbeen usedin order to
verify the validity of the obtained results. Direct solid sampling analyses
were carried out for fifteen elementsusing EDXRF namely; S, K, Ca, Ti, Cr,
Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Pb, and C. The measured concentrations of the
potentially hazardous trace elements As, Cu, Sb, Cr, Mn, Ni and Pb were
below the limits defined by international guidelines and national standards
of ambient air quality. Further long-term research is required to validate the
guantification of trace elements collected on polycarbonate filters.
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INTRODUCTION particul ate matter isvery important becauseit hasan
essential relation to health problems¥ and climate
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onther origin and dso reved swhether they wereemit-
ted asprimary or secondary particles. Thesmaller the
particle, the more harm it may cause, asit penetrates
deepinto thelungs“. Inaddition, fineair particul ate
matters have an effect on the radiation balance of the
earth’® because they scatter and absorb most of the
radiationinthevisbleregionanditisthereforeof greeat
interest to measure their concentration in theambient
air. Furthermore, fineair particle mattershave along
amosphericresdencetime, whichfacilitatesther trans-
portation over long distances covering many thousands
of kilometers. Thebulk of thesepartidesoriginatesfrom
anthropogenic emissiong®”, both directly and as sec-
ondary formationintheamospherefromgaseslike SO,,
NO,_ and volatileorganic compounds. Theloca emis-
sion of fine particles can become anissue of regional
and evengloba concern, sincetheseparticlesareable
toaffectar qudityinother countriesthroughtransnationd
and even transconti nenta transport. Black carbon (BC)
representsaso oneof themainair pollutionwheressitis
produced by incompl ete combustion and waysmixed
with other atmospheric congtituents®. Generaly, there
aretwo aspectsto theimportance of knowing the el-
ementa contentinair particulatematters. First thereare
heavy elementssuch asCd, Pb, As, and Sb, that arein
themsalvestoxicto human hedth. Itisof interest tofol-
low theecocyd es of thesemetal sasenvironmentd haz-
ards, oncethey arereleased into the atmosphere, bio-
sphere and technosphere. The second aspect is that
singled ementsor ratios between e ementscan beused
asafingerprint of aspecia sourceemitting other haz-
ardous speciesthat areless stableand moredifficult to
measure. Accordingto thelegidationinthe USA and
European Union, there arerecommended limitson the
concentration of inhaable particles®.

The present work representsthefirst study of the
constituentsof air particulate matter (PM, ) in Taif re-
gion. Taif city islocated in the Meccaprovince, inthe
western part of Saudi Arabia. Thetown isabout 100
km and 190 km southesast of Meccaand Jeddah cities
respectively andit representsoneof thelargest citiesin
Saudi Arabia. It stands 1879 meters above sea-level
ontheeastern dopes of thefamousAl-Sarawat Moun-
tains. Therefore, themain characteristic of Taif city is
the high dtitudeand thelow humidity. The population
of Taif has been growing up and it has a population
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morethan 0.8 Million. Theclimateof Taif represents
the most convenient not only during summer months
but also during the other seasonswhereasthetempera
tureisranging from29°Cto 35°C. Therefore, itscli-
mate marked thecity out fromitsdry and barren neigh-
bors closer to the Read Sea. Its elevation givesit a
climatefar cooler and pleasanter than either Jeddah or
M eccaand without the uncomfortable humidity. Taif
city would be considered as an attractivelocation for
Saudi inhabitants during summer, anditisoneof the
most popular holiday resorts as an escape from the
uncomfortablesummersin other Saudi cities. In addi-
tions, thousands of vacationersfrom other Arab Gulf
states spend the summer seasonin Taif resort to enjoy
itsgreen scenery and beautiful parks. Furthermore, it
has becomethe official summer seat of the Saudi gov-
ernment. Thecity’s infrastructure has been expanded
and modernized over the decadesin order to keep up
with growth and to support theblooming tourist indus-
try. Theintengfication of human activity (tourism, trans-
port, industry) associated with the popul ation growth
represent the main reason of air pollution in thecity.
During summer, thehigh populaiondengtyin Taf would
be expected asasecondary source of air pollution. In
addition, thereisastrong rel ationship between Taif and
Makkah cities. Taif supplied theresidentsand pilgrims
inMakkahwithfresh producefromitsfertilefidds Stra-
tegically located, Taif wasalso agateway to Makkah
for pilgrimscoming from the east acrossthe peninsula,
aswell asbeing the summer residence of thewealthy
merchant familiesof Makkah. Thiswasmentionedin
theHoly Qur’an, (Sura 63, 31) refers to Makkah and
Taif as“al-Qariyyatain” or the two cities. Therefore,
the expected sourcesof air pollutionin Taif would be;
the poor dispersion factor dueto thelack of rain, the
vehidleemission, and urban indudtrid operations. Fumes
from vehicles, combined with suspended particul ate
matter (including lead) and sand blowninto urban ar-
eas from the surrounding desert, create the haze. In
addition, thereisno ideal collectionand management
for the waste which represents ahuge health hazard.
Previousstudieson air particulate mattersaswell as
thevolatile organic compounds have been conducted
indifferent citiesin Saudi Arabid®*. Thereare not
investigations of air particulate mattersin Taif city. A
characterization of airbornebacteriaintheatmospheric
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of El-Taf wasonly foundintheliterature.

Inthe present work, atmospheric aerosol sfromtwo
gtes(Indudtrid andresdentid) in Taf city weresampled
using polycarbonatefilters. Thesampling collectionwas
carried out weekly for 24 h/sample during June and
July 2011. At each location a sampler wasinstalled
cong sting of acycloneloaded with polycarbonatefil-
ters. Thecollected air particulatefilterswerequantita-
tively andyzedfor traced ementsby Energy Dispersive
X-ray Fluorescence (EDXRF) with secondary target
of Mo. Mo secondary target used in order to obtaining
guas monochromatic excitation, allowsthe reduction of
thebackground andtoimprovethedetectionlimits. The
usageof Mo secondary target providesbetter senditiv-
ity and selectivity. Closed-coupled setup with Mo sec-
ondary target dlowsgresater flux and superior sensitiv-
ity. Theaim of the study wasto eva uatetrace elemen-

.....

Sampling equipment

Atmospheric aerosols have been collected on pol y-
carbonatefiltersloaded insdeacollection cartridgein
a cyclone of PM, .. The present cyclone is from
CASELLA company, UK whichisusedfor theatmo-
spheric aerosolscollection. The cyclonemakesanair-
stream movein acyclonic orbit wherelarger particles
areseparated fromthefine particlesbecausetherr higher
inertiapreventsthem fromfollowingtheair flow. It op-
erateswith aflow rate comparableto the breath of an
adult person. Thepolycarbonatefiltershaveadiameter
25mm and aporesize of 4.0 um. These filters have
been used in previous studies and haveahigh particle
collection efficiency and high purity!™. Theduration of
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Figurel: Locationsof thecollected air particulate matter sfromindustrial and residential areasof Taif, Saudi Arabia.

ta concentrationsinfineparticles(PM, ) andtoinves-
tigateitsinfluenceonregiond ar quaity. Fifteentrace
elementsincluding carbon were analyzed namely; S,
K, Ca Ti, Cr,Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Pb, and
Ctheir concentrationseva uated.

EXPERIMENTAL

Samplingsites

Atmospheric aerosolsof PM, . fromtwo different
sites(industrial and residential) of Taif, Saudi Arabia,
were collected and anayzed from Juneand July 2011.
Theindustrial sitewassituated at industrial street, 20
km away from the center of the city whereastheresi-
dential sitewassituated at the high popul ated areaat
Television Street in the northeast of thecity. Figure 1
illustratesthe map of thetwo locations.

L

thecollectionwas24 hat anair flow of 3L min™. The
filterswereexchanged at 11 am, giving 24 h period. In
order to avoid theinfluence of thetrafficasasingle
source, theequipment (cyclone, flow meter, and theair
atmospheric pump) was mounted on 20 m height, and
morethan 50 m from themain nearest road. A critical
orifice was placed between pump and cyclonetore-
grictthear flowto3 L min '. Inorder to havepardld
measurements, two individud equipmentswiththesame
type of cycloneswere used at the two sites smulta-
neoudy. A standard reference Materia sof air particu-
late on filter mediawas used (SRM #2783, National
Ingtitute of standard and technology) in order to con-
firmthevdidity of the obtained results.
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EDXRF setup

The Energy Dispersive X-ray Fluorescence
(EDXRF) spectrometer used for the analysis of the
particle samplesisbuiltin athree-axial arrangement
around atungsten X-ray tubeand utilizesamolybde-
num secondary target that makesthebeam nearly mono-
chromatic beforeit reachesthe sampl €89, The spec-
tra from the EDXRF are further processed by the
QXAS/AXIL software package® and theresultsare
converted into airborne concentrations (ng m3). The
EDXRF method of andyzing samplesismulti-eemen-
tal, easy touseand inexpensive. It givesdemental con-
centrationswithinan error margin of 10%including sta-
tistical counting errorsof X-raysfluoresced from each
detected dement inthe sample. Thedetection limitsfor
the EDXRF were cal cul ated in accordance with the
procedure and guidelines given by the International
Union of Pureand Applied Chemistryt?!! and are pub-
lished elsewhere, bothinng cm?and asminimum air-
borne concentrationg?.

Black carbon detector

The present EDXRF setup can not be used for
black carbon determination dueto the limitation of
present Si(Li) detector, Therefore, a black smoke
detector model FH621-N (ESM Emberline, Erlangen,
Germany) was used to determine the BC concentra-
tionsinthesamples. It isareflectmeter that haslight
emitting diodes (LEDSs) and photosenesors enclosed
inacompletely black casing. The LEDsilluminatethe
samplewith optimized light that istuned at awave-
length of 0.6 um. Thereflected light intensity issensed
by the photosensorsthat transduce thelight intensity
to electrical current. Thisinstrument was calibrated
with an empty filter and afilter |loaded with BC pow-
der. Theinstrument electrical voltagereadingisre-
lated totheleve of sampleblacknessand subsequently
the equival ent concentration of atmospheric BC was
calculated using the mathematical model thisisde-
scribed intheinstrument manua . Despitethevariable
specific absorption of BC?24 that causes higher er-
rorswhen compared to athermal anaytical technique,
thismethod issimple, cheap and nondestructive. The
concentration of black carbon; C_ wasdeterminedin
ug/m? usingthefollowing equation;
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RM RZ-RZ
Cr=—".In[1- o
R v ( k*Rme)

U RZg — U RZ

U RZg — U RZ max

RM, isthemass of smokeinasingledust layer onthe
filter (17.5), V isthesamplevolume, RZ jistheblack
smoke number of empty filter (0.43), k isconstant de-
pending on the absorption coefficient of black smoke
(0.95),RZ__ istheupper rangeof cdibrationscae(9),
U0 Urone 1S the voltage for empty (8 V) and black
filters(0.41V), andfindly, U, isthevoltage measure-
ment reading.

o)
RZ=RZ,,*

Microbalance

Thepolycarbonatefilterswereweighted onami-
crobaancewith six digits() beforeand after sampling
in order to determine mass concentrations. Prior to
theinitial and final welghting, the polycarbonatefilters
were conditioned in desiccatorsin order to stabilize
theweight. Thefilter conditioning and weighting op-
eration were performed in aroom temperature and
relative humidity was controlled within theranges 17-
23°C and 45-55%, respectively.

RESULTSAND DISCUSSION

Sampleweightsof PM

Figure2illugtratesthe average mass concentrations
of PM, _collected from thetwo mentioned sitesin Taif
versusthesampling collection weeksof June (06-2011),
July (07-2011) and August (08-2011). For each site,
2-5 sampleswere collected per month. Theaverages
mass concentration of PM,, . measured in the period
from Juneand August 2011 were 45.07+31.4 ug/m?,
44.72+15.3 pg/me for theresidential (TV street) and
industrid (Industrial areq) Sitesrespectively. ThePM,, .
concentrationsintheresidential stewereintherange
22.99-67.72 ng/m* whereasthe PM,, . concentrations
intheindusgtria areawereintherange 32.79-62.19 ug/
m?2. According to the European commission environ-
ment for theambient air quality standardg®!, the con-
centrationsof PM,, . collected fromthetwo mentioned
sitesare higher than themean of air quality standards
(25 ng/m?). Asshownin Figure 1, the mass concentra-
tionsof PM,,, collected August 2011 represent thel ow-
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est valuesfor theindustrial and residential areas. On
the other hand, the mass concentrations of PM,, . col-
lected during July 2011 represent thehighest vdue. This
would refer tothe dust storm episodeduring July 2011,
remarkablesummer activity inthecity during July 2011,
aswell asthe seasonal variation. Generally, the con-
centrationsof PM,,. intheindustrial and residentia ar-
easarecomparableasshowninFigure2. Thismay be
attributed to thefact that Taif city issmall and thetwo
areasare closeto each other.
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Figure2: Variation of massconcentration of PM . during
theperiod from June 2011 toAugust 2011.

Elemental composition using secondary target
EDXRF

Figure 3 depictsthe characteristic fluorescent ra-
diation of empty polycarbonatefilter, air particulatefil-
terscollected fromresidentia area, and air particulate
filter of the certified reference materia . Mo scattering
radiation would be recognize a photon energy higher
than 16 keV. TheKa and K3 characteristic radiations
seem to be predominant except in the case of Pb
whereasLa and L3 lineswererecognized. Thiswould
becompatiblewith QXASAXIL softwarewhereasonly
characteristicradiation of Ka,, K and Lo of thedif-
ferent elementscould be used. Accordingto Figure 3,
fourteen el ementswould be determined namely; S, K,
Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Br, Rb, Sr, Pb.

Other heavy elementssuch asCd, Sh, Mo areless
than thelimit of detection and thereisno possibility to
measureit by the present EDXRF instrument. Further
investigationwill demonsrateby usng HighResolution
Continuum Source Graphite Furnace AtomicAbsorp-
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tion Spectrometry (HR-CS-GF-AAS) in our future
work(?, For quantitative determination of traceele-
mentsinair particul atefilters, agroup of sandardfilters
withwell known concentrations of different elements
were used in order to perform the calibration curve.
Thepresent cdibrationisperformed by theca culation
of thesengitivitiesof theeementsinthe standard filter
group versusthe atomic number. Oncetheintensity of
the peak areaand the concentration of each element
wereintroduced to QXA S/AXIL software, the calcu-
lationsof cdlibration curvewasautomaticdly performed
viathe“Perform calibration Menu” whereas the sensi-
tivity “Sens” is given by;
__ counts.absfac
" time.current.conc @

Therefore, theunknown eementsintheair particulate
filterscould be determined oncethe measured spectra
were performed by the same manner. Thefinal con-
centration of the el ementsin the polycarbonatefilter
wasgivenin ug/m? and it was converted into ng/mé.
TABLES1 and 2 show theelementa analysisresults
for theair particulatefilterscollected from theindugtria
andresidential locations. Theconcentration wasgiven

10*

Intensity, a.u

Fe Ko

—Tr * >~ 1T * 8§ 01T~ 0U°* 71T ™71 °% & * 1
2 4 6 8 10 12 14 16 18 20

Energy, keV
Figure3: EDXRF spectraof thepresent polycar bonatefilter
with without air particulatesaswell asthe certified refer-
encematerial.
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in ng/m? and each val ue represents the average con-
centrationsof theair particul atefilterscollected during
each month. Asshownin TABLES 1 and 2, the con-
centration of sometrace elementswas not performed
successfully during somemonthswhereasit wasbel ow
thelimit of detection. Theseedlementsare S, K, V, and
Cr. Inthis case, the average concentration was cal cu-
lated depending on the successful measured val ues.
Fortunately, the concentration of heavy d ementsgiven
iINTABLE 1and 2 arebdow thedlowed standard level
of European commission of air qudity.

Remarkable high concentrationsof S, K, Caand Fe
weregenerdly recognizedintheindustria location. On
theother hand K, Caand Fewereaso highinthecase
of residential area. The concentration of K intheresi-
dentid areaistwiceitsconcentrationintheindudtria area
and thiswould refer tothehuman activities. Theconcen-
trationsof Caand Feinindustrial and residentia areas
were comparable. Thiswould bedueto thelow of in-
dustrid activitiesintheindustrial areasaswell asthe
remarkablesmilarity of both sdes. Other ementsare
relatively comparablein both industria and residential
locations. TABLE 3illustratesthe average concentra:
tionsof the measured e ements during June 2011 and
July 2011. For Black carbon determination, ablack
smoke detector was used as mentioned above. As
shown from TABLES 1-3, the average concentration

TABLE 1: Quantitativeanalysisof PM, _ collected fromresi-
dential area (TV Street, Taif) using Mo secondary tar get
EDXRF

El June 2011 July 2011
S
K 1472.889
Ca 2794.723 8918.271
Ti 105.378 513.668
Cr 33.657
Mn 51.687 142.240
Fe 1659.604 6109.524
Ni 8.014 19.233
Cu 15.626 23.239
Zn 27.246 49.283
Br 4.407 8.815
Rb 4.007 18.431
S 14.424 40.468
Pb 7.613 11.219
C 0.3580 0.5439

Abdallah A.Shaltout et al.
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TABLE 2: Quantitativeanalysisof PM,,  collected from In-
dustrial area (Taif) using Mo secondary tar get EDXRF

El June 2011 July 2011
S 1317.43 748.46
K 612.64 855.45
Ca 3772.78 5485.27
Ti 409.49 386.25
Mn 65.71 100.57
Fe 2920.13 3800.42
Ni 8.41 11.22
Cu 26.44 31.65
Zn 68.52 79.33
Br 7.21 8.41
Rb 240 6.01
S 18.03 27.25
Pb 10.02 10.82
C 1.1521 1.3328

TABLE 3: Aver ageof concentration of elementsincluding
carboninng/m®intheUrban and industrial sites

El. Residential, ng/m® Industrial, ng/m*
S 1032.95
K 1472.889 734.04
Ca 5856.497 4629.02
Ti 309.523 397.87
Cr 33.657
Mn 96.964 83.14
Fe 3884.564 3360.28
Ni 13.623 9.82
Cu 19.433 29.05
Zn 38.265 73.92
Br 6.611 7.81
Rb 11.219 421
S 27.446 22.64
Pb 9.416 10.42
C 0.451 1.24

of black carbonintheindudtria areaisthreetimeshigher
thanitsconcentrationintheresidentia area. Thisisdue
totheremarkableindustrial activities such as black-
smithworkshops, insecticides, condruction activitiesand
automobiles. Furthermore, thetraffic seemsto bemore
intensiveintheindustria areawhereasthe number of
motorizedtrafficisreaively greater thanthat intheres-
dential area. Consequently, the expected soot concen-
trationsinindustrid areaaremuch higher than that found
intheresidentid.
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Accur acy of themethod

In order to check the effectivenessand the validity
of thedeve oped method for quantitativeanadysisof air
particul atesfilter using Mo secondary target EDXRF,
certified referencematerid (CRM) of air particulateon
filter mediawaseva uated (Air particulateonfilter me-
dia #2783, Nationa Ingtitute of Standard and Technol-
ogy (NIST), USA). Thecertified referencematerid was
directly anayzed without any kind of preparation. The
quantitativeandyssof the CRM wascd culated withthe
sameprocedureof theair particul atefilter under investi-
gation. TABLE 4 comparesobtained va uesof the cho-
senreferencegandardsand thecertified vadues Asshown
fromthecertificateof the CRM of air particulateonfilter
media#2783, the certified concentrationsof Cl, Br, and
Sr arenot available and thereisno opportunity to com-
parewith the measured values. On the other hand, the
concentrationof Sand V arebe ow thelimit of detection
of the secondary target EDXRF, and it can not be de-
tected. Thereisgenerdly agood agreement for most but
not al dements. Thequantitativeanays sresultsof the
CRM for the measured and the certified values were
andyzed datidticaly goplyingthestudent’s “t © test to see
the significant difference between themeasured and cer-
tified vduesat leve of confidenceequd p=0.05. Itwas
foundthat, the difference between themeasured and the

TABLE 4: Quantitative analysisof certified reference
material using M o secondary target EDXRF setup

Elements Meawr:ge/dm\e{alua Certlfr:gjir:]/flua
S Not detected 105.42
CL 848.00

K 532.50 530.12
Ca 1409.50 1325.30
Ti 164.50 149.60
\% Not detected 4.87
Cr 17.00 13.55
Mn 58.50 32.13
Fe 3047.50 2660.65
Ni 8.50 6.83
Cu 59.00 40.56
Zn 210.00 179.72
Br 21.00

Rb 6.00 241
Sr 8.00

Pb 30.50 31.83

Elemental composition of PM, ;. particles sampled in indugtrial and residential areas
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certified val ueswasnon-sgnificant and thisconfirmsthe
vdidity of the proposed method usingfor determination
thedementsinair particulatefilters.

CONCLUSIONS

The present work represents the first part of an
initiativeto evaluate thetrace e ement composition of
atmospheric aerosols PM,, . in two different areas of
Taif city, Saudi Arabia. Atmospheric agrosolsof PM,, .
fromtwo different sites (industrial and residential) of
Taf werecollected and analyzed during Juneand July
2011. Theresdentia sitewasstuated at the high popu-
lated areaat Television Street in the northeast of the
city whereastheindustrial Stewassituated at industria
street, 20 km away from the center of the city. Atmo-
spheric aerosol s have been collected on polycarbonate
filtersloaded insgdeacollection cartridgein acyclone
of PM, for24 hatair flow of 3L min™. Energy Dis-
persive X-ray Fluorescence (EDXRF) with Mo sec-
ondary target has been chosen for direct solid sampling
analysis. Black smoke detector was used for black car-
bon determination. Quantitative anaysisof fifteenele-
mentsincluding carbon was successfully determined.
For thevalidation of themethod, acertified reference
material (CRM) of air particulateonfilter mediawas
evaluated and thereisgenerally agood agreement for
most but not all elements. Fortunately, the measured
concentrations of the potentially hazardoustrace ele-
mentswere below the limitsdefined by international
guidelinesand nationa standardsof ambient air qudlity.
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